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BACKGROUND

Cover crops in annual crop ground can be 
grazed with economic benefit to the grazier 
and crop farmer, as shown in research from 
Practical Farmers’ livestock and field crops 
programs.[1–3] Vegetable farmers commonly 
raise livestock to diversify their income and 
the ecology of their farm, and to make better 
use of vegetable scraps as feed and manure as 
fertilizer. 

Carmen Black and Mark Quee both use cover 
crops in their rotations; green fallow seasons 
with cover crops provide opportunities 
for grazing on vegetable fields. But they 
are interested in utilizing their vegetable 
production beds in non-fallow years for 
animal forage, too. Fall cash crops are seeded 
in July, which leaves time in the spring to 
establish, and graze, a cover crop. Both Black 
and Quee raise sheep on their diversified 
vegetable farms. They were curious if grazing 
a cover crop prior to a fall crop, rather than 
simply terminating the cover crop by mowing 
and tillage, would have an impact on the yield 
of the next crop. 

In a 2017 experiment, Black and Quee did 
not observe differences in brassica yield from 
grazed and un-grazed plots.[4] Both farmers, 
however, felt they learned a lot about the 
timing and process of grazing sheep on spring 
cover crops, and were interested in doing the 
trial again in 2018, with the addition of soil 
fertility testing. 

Said Black, “I’m interested in finding ways 
to incorporate my sheep into my vegetable 
operation more holistically, but also in 
compliance with food safety regulations. 
This trial will allow me to see if there’s any 
measurable difference right away.”  

Objective: Determine if sheep grazing 
the spring cover crop impacts yields of the 
following fall brassica crops.

METHODS

This project was conducted at two Iowa farms: 
Carmen Black (Sundog Farm in Solon) and 
Mark Quee (Scattergood Friends School in 
West Branch). Farmers set up experimental 
plots in a randomized, replicated pattern, 
as shown in Figure 1. During the spring, a 
cover crop of oats and peas was seeded to all 
plots. Farmers used moveable electric fence 

In a Nutshell:

• Farmers were interested in the effects of integrating sheep grazing to their vegetable production 
beds during fallow periods. 

• Two farmers completed experimental trials to evaluate the yields of fall brassica crops following 
a spring cover crop of oats and peas. In treatment plots spring cover crops were grazed by sheep; 
control plots were un-grazed.

Key Findings:

• At Mark Quee’s, broccoli in un-grazed plots had statistically higher yield than broccoli in grazed 
plots. Quee also had more soil nitrogen in un-grazed plots.

• Brussels sprout yield and quality at Carmen Black’s were not different between grazed and un-
grazed control plots. 

• The farmers questioned the utility of same-year cash crop evaluation following grazing, due to the 
time required for nutrients to become available. Carmen Black intends to conduct a two-year trial 
to better understand the relationship between grazing cover crops and soil fertility. 
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FIGURE 1. Example experimental design. 
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to exclude the sheep from control (un-grazed) plots, 
while the treatment plots were grazed. Quee grazed 
sheep in the plots on June 8; Black grazed sheep in 
her plots on June 5. Cover crop biomass samples were 
taken from all plots just prior to the onset of grazing 
by clipping aboveground foliage at ground-level (three 
1-ft2 quadrats per plot), air-dried and weighed at the 
Practical Farmers of Iowa office. Biomass results are 
reported on a dry matter (DM) basis. Cover crop and 
grazing information for each farm is available in Table 1.

After the oats and peas were terminated by grazing, 
mowing and tilling (in grazed plots), or by mowing 
and tilling (in control plots), fall brassica crops were 
seeded along the length of the plots. Quee collected 
yield data on fall broccoli; Black collected data on 
Brussels sprouts. Long season brassica crops were 
used to ensure livestock would have been off the fields 
90 days prior to crop harvest, as required by the Food 
Safety Modernization Act. 

Quee measured broccoli (cv. Gypsy) yield; Black 
measured Brussels sprouts (cv. Diablo) yield. Planting, 
management and harvest practices were consistent 
across treated (grazed) and control (un-grazed) 
plots, and are available in Table 1. For broccoli, Quee 
counted, weighed and measured the width of heads 
in each plot. For Brussels sprouts, Black harvested 
entire stalks, then counted and measured sprouts, and 
graded sprouts based on USDA criteria for color and 
firmness, by plot.[5]

Soil samples were collected to a depth of 6 in. to measure soil fertility 
when cover crop seed was planted, and again in June when brassicas 
were planted (following grazing). Quee took an additional soil sample 
in November.

Data were analyzed using JMP Pro 13 (SAS Institute Inc., Cary, NC) 
statistical software. Means separation among varieties by succession 
at each farm was determined using the least significant difference 
(LSD) generated from a t-test. Statistical significance is reported at 
the 90% confidence level.

RESULTS AND DISCUSSION

Black

Black grazed her sheep through the treatment 
plots on June 5. Because it was a hot and sunny 
week and there was no shade available in the 
plots, the sheep only grazed the plots for one day. 
During this short time, the sheep did graze down 
the cover crop biomass, as shown in Table 2.

Following termination of the cover crop on June 
9, Black immediately transplanted Brussels 
sprouts, which were harvested on Nov. 27. 
Average values for Brussels sprout yield, size 
and quality were not different between grazed 
and un-grazed plots, as shown in Table 3.  

Soil fertility tests showed statistically higher levels of nitrate-N during 
March, prior to grazing, in what would become the grazed plots (26.0 
ppm compared to 21.3 ppm in un-grazed plots). Essentially, the 
baseline levels prior to the trial showed more nitrate-N in the plots 
that would become the grazed plots. No other fertility comparisons 
were statistically different in June or March. Soil fertility samples 
were not significantly correlated with final brassica yield, as levels of 
both nitrate-N and P were plentiful. 

TABLE 1. Cover crop, grazing and brassica information for each farm.

FARM BLACK QUEE

Plot dimensions 29 × 36 ft 16 × 20 ft

Cover Crop 
and 
Grazing Info

Cover crop seeding date March 22 March 30

Cover crop mix % 50% oats 50% field 
peas

50% oats 50% field 
peas

# of days grazed per plot 1 0.25

Grazing dates May 25 June 8

Number of ewes grazed; 
lambs grazed 30; 2 21; 35

Cover crop termination 
date June 9 July 17

Fall 
Brassica 
Crop Info

Crop, variety used Brussels sprouts, Diablo Broccoli, Gypsy

Transplant date June 9 July 26

# plants / plot 27 40

Within-row spacing 16 in. 24 in.

Between-row spacing 36 in. 30 in.

Bed configuration notes single row

4 single rows of 
broccoli with basil 

between beds. Outside 
rows were mustard 

greens.

Irrigation Drip tape Drip tape

Harvest dates(s) Nov. 27 Oct. 4; Oct. 11

TABLE 2. Cover crop biomass, ton DM/ac, at Black’s.

JUNE 4 (PRE-GRAZE)a
JUNE 9 (AT 

TERMINATION)

Graze 1.4 1.1 b

Un-grazed 1.4 1.6 a

LSD . 0.3

By column, only values that differ by more than the least significant difference (LSD) are 
followed by different letters and are considered statistically different with 90% certainty.
a Black used a single pre-graze baseline value for cover crop plots. 

TABLE 3. Yield, size and quality of Brussels sprouts at Black’s.

 TREATMENT
SPROUTS/

PLANT
SPROUT 

LENGTH (IN.)
COLOR  
(1-4)a

FIRMNESS 
(1-3)b

STALK 
LENGTH (IN.)

Grazed 55.1 1.3 4.00 2.9 19.0

Un-Grazed 56.1 1.3 4.00 2.9 20.0

LSD 5.1 0.1 . 0.1 1.4

By column, because mean values did not differ by more than the least significant difference (LSD), the varieties are 
considered statistically equal with 90% certainty. 
a Sprout color was ranked according to the following scale: 1 - lighter than yellow-green; 2 - yellow green; 3 light 
green; 4 dark green. All sprouts were ranked “4” during this trial. 
b Firmness was ranked according to the following scale: 1 - puffy; 2 - fairly firm; 3- firm

TABLE 4. Soil fertility at Black’s.

NITRATE-N, PPM PHOSPHORUS, PPM

MARCH JUNE MARCH JUNE

Grazed 26.0 a 75.3 172.0 200.7

Un-grazed 21.3 b 88.0 184.0 212.3

LSD 1.9 35.8 23.8 28.7

By column, only values that differ by more than the least significant difference (LSD) are 
followed by different letters and are considered statistically different with 90% certainty.
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Quee

Cover crop biomass was statistically equivalent 
between the grazed and control plots, both 
before and after grazing at Quee’s. With more 
than a month between grazing and cover crop 
termination, the un-grazed plots did not put 
on much additional biomass (0.06 ton DM/
ac), while the grazed plots had less biomass, 
due to the grazing (Table 5).  Quee noted 
that germination of the oats in particular was 
spotty, and that the cover crops were weedier 
than he would prefer. These irregularities made 
the forage stand less uniform, which led to 
more variable biomass samples. 

Un-grazed plots had slightly higher broccoli 
yield (0.14 lb/ft2) than grazed plots (0.11 lb/ft2) 
(Table 6). Other measures of yield components 
were not statistically different, though the 
difference in yield seemed to be driven by larger 
broccoli heads in un-grazed plots. Quee noted 
that he harvested some heads early to get them 
out of the field before a cold and rainy weather 
forecast. Un-grazed plots also had statistically 
higher nitrate-N levels in June, while the cover 
crop was growing (Table 7). Though broccoli 
was not transplanted until July 26, soil fertility 
levels measured in June before incorporating 
the cover crop indicated that the un-grazed 
plots had more nitrogen available; possibly 
resulting from previous crop and fertility 
management in the field.

CONCLUSIONS AND NEXT STEPS

For the second year, two farmers completed 
experimental trials to evaluate the yields of 
fall brassica crops following a spring cover 
crop of oats and peas that were either grazed 
or un-grazed by sheep. In 2017 yields were 

statistically equal between treatments, and the 
findings were the same at Black’s in 2018. At 
Quee’s, however, broccoli in un-grazed plots 
had statistically higher yield than broccoli in 
grazed plots. Quee also had more soil nitrate-N 
in un-grazed plots.

Quee was not satisfied with the stand of the 
spring cover crop in 2018, and noted that the 
cover crop growth was less robust because they 
entered the season with dry weather, as shown 
in Table A1. “There were more thistles in the 
plots than I would have liked, and because of 
the dry weather, the cover crop was stunted and 
did nothing to impede the thistles’ growth.” 
Quee plans to continue grazing sheep and 
other livestock 
in cover crops 
on his vegetable 
fields during 
fallow years in 

their rotation, but does not plan to continue 
squeezing grazing into tighter windows 
between crops. Quee was also struck by the 
differences in soil nitrogen and phosphorus 
levels between his farm and Black’s, and is re-
evaluating his fertility monitoring program. “I 
primarily use harvest data as my indicator of 
soil health, but seeing the numbers from the 
soil test was eye-opening,” he said.

Black plans to adjust the cover crop grazing 
trial to understand if the grazing has an impact 
on vegetable yield and soil fertility in the year 
following grazing, rather than the same year; 
she suspects same-year studies may not allow 
enough time for nutrients to become available. 

TABLE 7. Soil fertility at Quee’s.

NITRATE-N, PPM PHOSPHORUS, PPM

MARCH JUNE NOV. MARCH JUNE NOV.

Grazed 9 8.3 b 6.3 123 150 94

Un-grazed 10 10.7 a 7.7 97 137 105

LSD 10.2 1.9 2.6 41 30 36

By column, only values that differ by more than the least significant difference (LSD) are 
followed by different letters and are considered statistically different with 90% certainty.

Sheep graze an annual cover crop at Carmen Black’s.

Sheep graze in the experimental plots at Quee’s.

Broccoli harvested and ready to be measured at Quee’s. 

Brussels sprouts on Nov. 8 at Black’s. 

TABLE 5. Cover crop biomass, ton DM/ac, at Quee’s.

JUNE 7 (PRE-GRAZE)a JUNE 17 (AT TERMINATION)

Graze 1.56 1.19

Un-grazed 1.63 1.69

LSD 1.2 1.3

By column, because mean values did not differ by more than the least significant difference 
(LSD), the varieties are considered statistically equal with 90% certainty.

TABLE 6. Yield and yield components for broccoli at Quee’s.

YIELD (LB/FT2)
CROWN YIELD 
(CROWNS/FT2)

CROWN WEIGHT 
(LB/CROWN)

Grazed 0.11 b 0.23 0.51

Un-Grazed 0.14 a 0.23 0.61

LSD 0.01 0.04 0.17

By column, only values that differ by more than the least significant difference (LSD) are 
followed by different letters and are considered statistically different with 90% certainty.
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PFI COOPERATORS’ PROGRAM
PFI’s Cooperators’ Program gives farmers practical answers to questions they have about on-farm challenges through research and 

demonstration 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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APPENDIX – WEATHER CONDITIONS

TABLE A1. Weather data for 2018 and historical averages, Iowa City.

GROWING DEGREE DAYS 
(BASE 50 °F) RAINFALL (IN.)

MONTH 2018 AVG. 2018 AVG.

April 118 216 0.5* 3.6

May 546 429 5.2 4.4

June 677 646 8.5* 5.1

July 682 756 2.7 4.0

August 686 706 7.2 4.2

September 485 489 7.3* 3.2

October 179 245 6.9* 3.0

Monthly growing degree days and monthly high temperatures for the current year and historical 
averages are reported from the nearest weather station. Climate data were accessed from the Iowa 
City weather station. Historical data include years 1980-2018.[6] Asterisks (*) indicate months 
when 2018 rainfall was more than 2 in. different than the historical average.


