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Regional survey of leafy spurge suppression 
by introduced fl ea beetles 
D.R. Kirby1 and L.W. Samuel2 

A regional assessment of leafy spurge 
control from introduced fl ea beetles was 
conducted in the Little Missouri River 
drainage area in 2002 and 2003. Of 
a total of 292 sites surveyed, more than 
90 percent had reduced leafy spurge 
foliar cover and stem density. Intro-
duced fl ea beetles effectively reduced the 
ecological and economical effects of leafy 
spurge across a variety of locations in 
Montana, North and South Dakota, 
and Wyoming.

Summary
A study to evaluate the long-term ef-
fects of leafy spurge (Euphorbia esula) 
control by introduced fl ea beetles 
(Aphthona spp.) was initiated in 2002 
on leafy spurge-infested range and 
pastureland in the Little Missouri River 
drainage of Montana, North Dakota, 
South Dakota and Wyoming. Data was 
collected at fl ea beetle release sites in 
June and July 2002 and 2003 during 
the period of adult activity. A total of 
292 fl ea beetle-release sites were ana-
lyzed for leafy spurge stem density and 
cover, and vegetation composition.

Flea beetles reduced leafy spurge stem 
density at 91 percent of the study 
sites. On two-thirds of the study sites, 
the beetles reduced stem density from 
greater than 100 stems/yard2 to less 
than 25 stems/yard2. Leafy spurge 
foliar cover was less than 5 percent on 
approximately two-thirds of the fl ea 
beetle release sites and less than 25 
percent on more than 90 percent of 
the release sites.

Area of fl ea beetle control ranged from 
little or no leafy spurge control to areas 
greater than 30,000 yards2. Approxi-
mately 40 percent of the release sites 
experienced fl ea beetle control in areas 
ranging from 1,000 to 5,000 yards2, 
and 14 percent of the release sites had 
greater than 10,000 yards2 of leafy 
spurge control. Flea beetles eff ectively 
reduced leafy spurge stem density and 
cover across a variety of locations and 
corresponding environmental condi-

tions, both in the Little Missouri River 
drainage area and selected nearby 
locations. 

Introduction
Leafy spurge (Euphorbia esula) is an 
herbaceous, deep-rooted perennial 
noxious weed that has been reported 
to infest more than 5 million acres in 
35 states and occurs in all the prairie 
provinces of Canada. North Dakota 
alone has approximately 1.15 million 
acres of leafy spurge-infested lands 
(North Dakota Department of Agri-
culture, 2001). Predominant areas of 
infestations are pastureland, rangeland, 
roadsides, stream valleys, open wood-
land and waste sites on a variety of 
soil types, including environmentally 
sensitive areas such as river and stream 
banks, wooded areas and lands hav-
ing high water tables. Bangsund and 
Leistritz (1991) estimated leafy spurge 
infestations on rangelands cost Mon-
tana, North Dakota, South Dakota and 
Wyoming $144 million dollars annu-
ally in direct and indirect costs.  

Introducing insects (biological agents) 
to control leafy spurge began ap-
proximately 15 years ago. Th e USDA 
approved and released the fi rst species 
of fl ea beetle in 1985 (Anderson, et al., 
2003). Subsequent releases of fi ve other 
fl ea beetles occurred between 1986 and 
1993. Black (Aphthona czwalinae/lacer-
tosa) and brown fl ea beetles (Aphthona 
nigriscutis) have shown the greatest 
potential for leafy spurge control in the 
northern Great Plains (Kirby, et al., 
2000). 

1 Department of Animal and Range Sciences
2 Department of Plant Sciences
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Black and brown fl ea beetles were dis-
tributed throughout the Little Missouri 
River drainage basin between 1998 and 
2001 to control leafy spurge (Ander-
son, et al., 2003). Th e impacts of this 
fl ea beetle distribution program were 
unknown; therefore, the present study 
was undertaken.

Logistically, assessing all the fl ea beetle 
release sites was not possible. Using 
returned rancher survey questionnaires, 
a subset of sites within the Little Mis-
souri drainage area, including regions 
in Montana, North and South Dakota, 
and Wyoming was selected. Th e objec-
tives of this study were to determine 
the control of leafy spurge and reveg-
etation of release sites throughout the 
Little Missouri River drainage basin. 
A small number of sites outside the 
drainage area also were assessed to gain 
a more complete picture of the pro-
grams impact on specifi c ecoregions.

Procedures
Th e Little Missouri River drain-
age basin originates in northeastern 
Wyoming and eventually fl ows into the 
Missouri River in northwestern North 
Dakota. Th e climate is considered 
semiarid, with an annual precipita-
tion of approximately 12 inches in 
northeastern Wyoming to 15 inches 
in southwestern North Dakota. Ap-
proximately 70 percent of the annual 
precipitation occurs between April and 
September.

Th e plant communities in northeastern 
Wyoming are typical of the Black Hills 
region of South Dakota. Ponderosa 
pine (Pinus ponderosa) forests and 
woodlands are common plant com-
munities interspersed with mixed-grass 
prairie dominated by needle-and-
thread grass (Hesperostipa comata), 
western wheatgrass (Pascopyrum 
smithii), green needlegrass (Nassella 
viridula) and Kentucky bluegrass (Poa 
pratensis). As the Little Missouri River 
fl ows northeastward into southeastern 
Montana, South Dakota and North 
Dakota, vegetation is typical of the 

northern mixed-grass prairie. Plants in 
the region include western wheatgrass, 
blue grama (Bouteloua gracilis) and 
green needlegrass. Leafy spurge has in-
vaded much of the mixed-grass prairie 
in this region.

Surveys were mailed to landowners 
and land managers in the study area 
who had received fl ea beetles from 
the U.S. Department of Agriculture-
Agricultural Research Service TEAM 
Leafy Spurge project. Th e survey data 
were restricted to include only sites 
in the Little Missouri drainage basin 
and nearby areas. Th e surveys elicited 
information about the respondents’ 
use of biological control, including the 
number of release sites, release dates, 
attributes of the release sites, evidence 
of leafy spurge stand reduction, plans 
for future leafy spurge control eff orts 
and the respondents’ willingness to as-
sist with a fi eld assessment team. 

Biological characteristics measured at 
each site included leafy spurge foliar 
cover, stem height, stem density, ocular 
estimation of area of suppression and 
plant community composition. Physi-
cal characteristics evaluated at each 
site were soil texture, site topography, 
topographic position, risk of spring 
fl ooding, soil drainage and average 
annual precipitation. Th e assessment 
team selected these characteristics as 
key variables needed to facilitate com-
parison of leafy spurge study sites in 
the area. Cultural characteristics evalu-
ated included previous year land use, 
current land use and projected land use 
for each site. 

Leafy spurge foliar cover was estimated 
using 8-inch by 20-inch quadrats 
placed 10 feet from the center on 
four randomly selected transects at 
each site. Leafy spurge stem density 
was estimated by counting each stem 
greater than 4 inches in height in each 
of the 8-by-20 quadrats. Leafy spurge 
stems less than 4 inches in height were 
considered seedlings and omitted in 
counts. Flea beetle suppression of leafy 
spurge stands were determined by mea-

suring the length and width of the area 
suppressed. Th e total area of control 
was estimated by using the formula:

Area of Control (yards2) = 

 (major axis (yard)) (minor axis (yard))
     2                2 
Th e area of control was further catego-
rized into 1 to 1,000, 1,000 to 5,000, 
5,000 to 10,000 and greater than 
10,000 yards2.

Plant community composition at 
release sites was evaluated by visu-
ally estimating percent cover within 
four 1-yard2 frames. Eight vegetation 
categories were used to evaluate release 
site plant composition: perennial 
native grasses, invasive exotic grasses, 
leafy spurge, native annual/biennial 
forbs, native perennial forbs, invasive 
forbs, western snowberry and other 
shrubs. Species included as invasive 
exotic grasses were: Kentucky blue-
grass, smooth brome (Bromus inermis), 
crested wheatgrass (Agropyron crista-
tum), cheatgrass (Bromus tectorum) and 
Japanese brome (Bromus japonicus). 

Results
Of more than 350 surveys mailed, 
approximately 120 survey participants 
were in the Little Missouri River drain-
age of Montana, North Dakota, South 
Dakota and Wyoming (Figure 1). Of 
these, 43 landowners/land managers 
and county weed board agents were 
selected as potential partners for this 
study. Of the managers selected, a total 
of 292 fl ea beetle release sites were 
identifi ed as potential data collection 
sites. Of these, a total of 204 release 
sites were chosen in North Dakota, 36 
in Montana, 27 in South Dakota and 
25 in Wyoming. 

Leafy spurge foliar cover decreased 
(P>0.05) from approximately 50 
percent to 10 percent four to fi ve 
years after fl ea beetle establishment 
in the study areas of Montana, North 
Dakota and South Dakota (Figure 2). 
Leafy spurge stem density was reduced 
(P>0.05) from approximately 110 
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stems/yard2 to 25 stems/yard2 in Mon-
tana and North Dakota (Figure 3). 

Flea beetles impacted approximately 
91 percent of the release sites as de-
termined by the presence or absence 
of leafy spurge suppression. Areas of 
leafy spurge suppression varied widely 
throughout the study area and ranged 
in size from approximately 5 yards2 
to more than 35,000 yards2. Approxi-
mately 40 percent of the release sites 
had areas of suppression between 1 and 
1,000 yards2, 40 percent of the release 
sites had leafy spurge control of be-
tween 1,000 and 5,000 yards2, 5 per-
cent had areas of suppression between 
5,000 and 10,000 yards2 and 5 percent 
of sites had areas of suppression greater 
than 10,000 yards2. Areas of leafy 
spurge suppression averaged nearly 
3,200 yards2 per fl ea beetle release in 
North Dakota, approximately 1,700 
yards2 in northeastern Wyoming and 
1,220 yards2 in South Dakota. Eastern 
Montana had the smallest average sup-
pression area of 600 yards2. Th is likely 
was due to the relatively new introduc-
tion of biological control agents into 
this area of Montana.

After leafy spurge suppression, 43 
percent of the study sites were domi-
nated by native plant species, while 
57 percent of the sites were character-
ized by invasive exotic plants (data 
not shown). Th e sites that returned to 
native plant-dominated communities 
had many fewer species than adjacent 
sites that leafy spurge never invaded. 
Furthermore, upland, dry sites had a 
higher composition of native perennial 
grasses, while lower, wetter sites had a 
higher composition of invasive exotic 
grasses following leafy spurge control.

Discussion 
Th e results from this study are con-
sistent with many other studies in the 
northern Great Plains that reported 
leafy spurge suppression from fl ea 
beetles (Lym, 1998; Kirby, et al., 2000; 
Anderson, et al., 2003). Of the 27 sites 
with no suppression in this study, 18 

Figure 1. Flea beetle release sites (●) analyzed in the study area of the 
Little Missouri River drainage basin in Montana, North Dakota, South 
Dakota and Wyoming.
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Figure 3.  Leafy spurge stem density (stems/yard2) by state in 
the study area. Leafy spurge stem density in state having the 
same letter are not different (P>0.05).  

Figure 2.  Leafy spurge foliar cover (%) by state in the Little 
Missouri River drainage basin. Means for leafy spurge 
foliar cover in state having the same letter are not different 
(P>0.05). 
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had soils that either were sandy loams 
or loamy sands. Th is is consistent 
with observations by Lym (1998) and 
Kirby, et al. (2000) that sandy soils 
may be barriers to successful fl ea beetle 
establishment. No other environmental 
factors were identifi ed in this study 
that would account for the lack of fl ea 
beetle establishment at sites with no 
suppression.

However, another factor that could 
account for the lack of leafy spurge 
suppression at some sites is fl ooding. 
Early spring fl ooding could result in 
a signifi cant number of fl ea beetle 
embryos dying in the root. Additional 
research is needed to determine the 
eff ect of sandy soils, spring fl ooding 
and other factors infl uencing fl ea beetle 
survival. 

Sites evaluated during this study 
indicate introduced fl ea beetles are an 
eff ective method for controlling leafy 
spurge under most conditions. Flea 
beetles demonstrated a propensity to 
reduce leafy spurge stem density and 
foliar cover to levels below economic 
and ecological signifi cance. Exactly 
what will happen to leafy spurge infes-
tations and fl ea beetle populations in 
the long term is unknown. An optimal 
balance certainly will occur between 
the fl ea beetles and their food supply; 
however, when or how that will happen 
is unknown. Th e assessment of the 
relatively large Little Missouri drainage 
basin did provide documented proof 
that introduced fl ea beetles can be es-
tablished in most (if not all) ecological 
conditions represented in the region.

Flea beetle releases need not be 
restricted to particular plant communi-
ties, soils or aspects, even if previous 
releases did not establish in similar 

circumstances. Given the high cost 
of herbicides and the resistance of 
some managers to use alternative 
control measures (sheep and goats), 
fl ea beetles are an eff ective, aff ordable 
and sustainable method for suppressing 
leafy spurge.

Th e perception among landowners 
concerning the viability of leafy spurge 
control using fl ea beetles varied among 
the four states in the study area. Flea 
beetles have been widely accepted for 
leafy spurge control across the major-
ity of North Dakota, especially the 
western third of the state. Flea beetles 
were accepted as a feasible leafy spurge 
control practice in localized areas of 
South Dakota. In northeastern Wyo-
ming, almost all landowners exclu-
sively used fl ea beetles for leafy spurge 
control. Leafy spurge continues to be 
very problematic near Devil’s Tower 
National Monument and control is 
progressing slowly due to the extreme 
terrain and lack of motor vehicle access 
to the backcountry. Southeastern Mon-
tana obtained respectable leafy spurge 
control using both fl ea beetles and 
herbicides in nearly every situation.

While acceptance of leafy spurge 
control using fl ea beetles has improved, 
the beetles should not be viewed as 
the only control option. When leafy 
spurge populations are small and scat-
tered, herbicides, or a combination of 
herbicides and fl ea beetles, are needed 
to slow the expansion of leafy spurge 
while introduced insect populations 
increase and disseminate. 

Conclusions
Th e study found that four to fi ve years 
post-release, Aphthona fl ea beetles, 
on average, signifi cantly reduced 
leafy spurge stem density and cover 
at 91 percent of the sites in the Little 
Missouri River drainage basin. Th e 

resulting plant communities after leafy 
spurge suppression were characterized 
by an increased occurrence of native 
perennial grasses in upland, dry sites 
and more invasive exotic grasses, such 
as Kentucky bluegrass and smooth 
bromegrass, in lower, wetter areas.

Th e management implications are: 1) 
fl ea beetles will suppress leafy spurge, 
and the continued release of beetles 
will hasten the process, 2) most sites 
will have some leafy spurge suppression 
from introduction of fl ea beetles, with 
only a small number of sites having 
no leafy spurge suppression, and 3) 
because native plant re-establishment 
in leafy spurge-suppressed sites is slow 
to nonexistent, prescribed grazing or 
burning may be required to hasten res-
toration of native plant communities.
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Evaluating beef cow performance under swath-grazing 
management in North Dakota
B.W. Neville1, G.P. Lardy1, P. Nyren2 and K.K. Sedivec1

The objective of this study was to evalu-
ate cow performance in a swath grazing 
system on three different forages. While 
no differences were noted in swath 
grazing treatments, additional research 
is needed to determine optimum forage 
type and swathing date to optimize 
grazing returns.

Summary
The objective of this study was to 
evaluate cow performance in a swath 
grazing system on three different 
forages: crested wheatgrass Agropyron 
cristatum (CWG), big bluestem Andro-
pogon gerardii (BBS) and foxtail millet 
Setaria italic (FM) in a completely 
random design. Grazed native range 
(NR) was the control treatment. For 
each of the swath grazing treatments, 
nonirrigated pasture (30 acres) was 
divided into three paddocks (10 acres 
each). Three native range pastures (40 
acres) were used as the nonswathed 
grazing treatment. A cooked molasses 
block supplement was included with 
the BBS due to the low crude protein 
(CP) content of the forage. 

One-hundred forty-four crossbred 
gestating beef cows (average initial 
body weight 1,225 pounds ± 147 
pounds) were weighed and body condi-
tion scored on two consecutive days 
and assigned randomly to one of four 
treatments. Weights and body condi-
tion score (BCS) also were collected on 
two consecutive days at the conclusion 
of the experiment. Stocking rates were 
0.9, 0.7, 2.3 and 0.3 head/acre for 
CWG, BBS, FM and NR, respectively. 
Cows had similar fi nal BW (P = 0.97) 
and BCS change was similar (P = 0.12) 
between treatments. While no differ-
ences were found in fi nal BW, the fact 
that the FM treatment had stocking 
rates three to seven times that of the 
other treatments is notable. Therefore, 
we conclude swath grazing is an ac-

ceptable alternative to grazing native 
range for wintering beef cows in central 
North Dakota.

Introduction
Many comparisons of swath grazing 
versus baled-forage feeding have been 
completed with varying results (Mun-
son, et al., 1999; Volesky, et al., 2002). 
However, to our knowledge, no direct 
comparison of a cool-season perennial, 
warm-season perennial or warm-season 
annual exists in published literature. 
Volesky, et al., (2002) reported calves 
swath grazing windrows on subirrigat-
ed meadows had greater weight gains 
than bale-fed calves in the fi rst year 
of a two-year study. However, in the 
second year, the two groups had similar 
gains. Munson, et al., (1999) detected 
no differences in weight gain or body 
condition score when heifers grazed 
windrowed foxtail millet, compared 
with bale-fed foxtail millet. 

Materials and Methods
All animal care and handling proce-
dures were approved by the NDSU 
Institutional Animal Care and Use 
Committee prior to the initiation of 
the study. One-hundred forty-four 
crossbred gestating beef cows were 
used in a completely random design. 
Cows grazed one of four treatments: 
1) positive control grazed native range 
(NR), 2) swath grazed crested wheat-
grass (Agropyron cristatum, CWG), 3) 
swath grazed big bluestem (Andropogon 
gerardii, BBS), or 4) swath grazed 

1Department of Animal and Range Sciences, 
North Dakota State University, Fargo, N.D.
2Central Grasslands Research Center, Streeter, 
N.D.
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foxtail millet (Setaria italic, FM). All 
swath grazing treatment pastures were 
contiguous and the NR treatment pas-
ture was one mile south on similar soil 
types. Grazing occurred from Oct. 19 
through Dec. 15. Two-day individual 
body weights and body condition 
scores were taken at the beginning and 
end of the trial.

During the growing season, forage 
samples were collected on CWG, BBS 
and FM, with 10 0.25m2 plots clipped 
per treatment at each sampling date. 
Samples were collected on June 28, and 
then midmonth each month through-
out the growing season, with the last 
clipping collected immediately prior to 
swathing. Native range pastures were 
not selected until late August, so data 
for production was not collected until 
the beginning of the grazing trial.

The CWG pasture contained a high 
proportion of legumes, including yel-
low sweet clover, (Melilotus offi cianalis) 
and alfalfa (Medicago sativa). Crested 
wheatgrass pastures were 69 percent 
crested wheatgrass, 31 percent legume 
dry matter (DM) at swathing. The big 
bluestem pasture also contained a large 
amount of other species, the majority 
of which was quackgrass (Agropyron 
repens). Schauer (2000) previously out-
lined the most prevalent species on NR 
as being blue grama (Bouteloua graci-
lis), needle and thread (Stipa comata), 
sunsedge (Cares heliophila), western 
snowberry (Symphoricarpos occidentalis) 
and Kentucky bluegrass (Poa pratensis).

Swath grazing treatment pastures 
were swathed on Sept. 15. The CWG 
and BBS were fi rst cut with a sickle 
mower, then raked into windrows. The 
FM pasture was swathed using a hay 
conditioner. Each treatment pasture, 
except NR, was divided into three, 
10-acre paddocks using electric fence. 
Electric cross fencing was used to limit 
access in an attempt to increase forage 
utilization. Nine to 10 days of for-
age was provided at each fence move. 
Native range treatment groups were 
allowed to graze the entire pasture to 

simulate a typical fall-winter manage-
ment scenario.

The supplement for BBS treatment 
consisted of a 40 percent CP cooked 
molasses block (Ridley Inc., Mankato, 
Minn.). Cattle in each of the BBS rep-
licates were allowed access to one tub 
(125 pounds) per week. All treatments 
were provided with trace mineral salt 
blocks (Cutler-Magner Co., Duluth, 
Minn.) on an ad libitum basis. 

Stocking rates were determined at 
swathing and were based on forage 
quantity and 75 percent harvesting 
effi ciency of swaths. Stocking rates 
were 0.9, 0.7, 2.3 and 0.3 head/acre for 
CWG, BBS, FM and NR, respectively. 

Subsamples of CWG, BBS and FM 
swaths were collected for analysis. 
Swath samples were taken as random 
grab samples on each day cross fences 
were moved. Forage samples from NR 
were collected by clipping 0.25m2 plots 
on each day of a cross-fence move. 

Results and Discussion
Forage data was compiled from clipped 
plots that were collected throughout 
the growing season, and analyzed for 
CP, acid detergent fi ber (ADF) and 
neutral detergent fi ber (NDF). Nutri-
ent analysis indicated swath grazing 
treatments had similar changes in 

nutrient composition. Crude protein 
values decreased from initiation of 
sampling until swathing for all forages. 
At swathing, FM had the greatest CP 
(9.34 percent, DM basis) and BBS the 
lowest CP (4.2 percent, DM basis). 
Values for CWG were intermediate 
(7.38 percent CP; DM basis; Figure 
1). Acid and neutral detergent fi bers 
increased throughout the growing 
season (Figures 2 and 3, respectively). 
Forage production for CWG, BBS 
and FM was 3,012, 2,399 and 6,620 
pounds DM/acre, respectively, at time 
of swathing. The CP content of swath 
subsamples was similar throughout the 
grazing trial (Figure 1). Acid and neu-
tral detergent fi bers increased through-
out the grazing trial (Figure 2, 3). 

No difference was found in fi nal body 
weight among treatments (P = 0.97; 
Table 1). A negative ADG was ob-
served in CWG and BBS treatment 
cows (-0.11 and -0.02 lb-1hd-1d-1, 
respectively). However, cows grazing 
FM and NR gained weight during the 
trial (0.15 and 0.18 lb-1hd-1d-1, respec-
tively). However, these changes in body 
weight were not signifi cant (P = 0.44). 
When gains were compared on a per-
acre basis, where the total weight gain 
for all cows in the paddock was com-
bined and that weight divided by the 
number of acres, no differences were 
found among treatments (P = 0.17). 
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Figure 1. Effect of sampling date on CP of crested wheatgrass (CWG), 
big bluestem (BBS), foxtail millet (FM) and native range (NR) at Central 
Grasslands Research Center, Streeter, N.D., in 2005.
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Table 1. Body weight, body condition score and average daily 
gain of windrowed forage and native range grazing cows at Central 
Grasslands Research Center, Streeter, N.D., in 2005.

 Treatmentsa  

Item CWG BBS FM NR P-valueb

Initial     
 BW,lbc 1232 1232 1223 1223 0.10
 BCSc       5.1       5.2       5.2       5.3 0.47

Final     
 BW,lbc 1228 1230 1232 1232 0.97
 BCSc       5.2       5.4       5.2       5.1 0.30

ADG,lb/dd      -0.11       0.02       0.15       0.18 0.44
Change in BCSe 0.1 0.2 0.0 -0.2 0.12
Weight change/acf -4.0 -1.6 21.6 2.2 0.17

aTreatment abbreviations CWG = crested wheatgrass/legume; BBS = big bluestem; 
FM = foxtail millet; NR = native range
bOverall P-value for treatment
cValues are averaged across replicate within treatment 
dADG = (Average Final BW – Average Initial BW)/58d 
eChange in BCS = Average Final BCS – Average Initial BCS
fWeight change/ac = total weight gain/lost by paddock/ac in paddock

This numerical difference is quite large 
with FM gaining 21.6 pounds/acre, 
while the NR, BBS and CWG treat-
ments had smaller gains or even loses 
of 2.2, -1.56, -4.0, respectively. No 
differences were noted in BCS change 
(P = 0.12).

Implications
Swath grazing is an acceptable method 
for wintering beef cows in central 
North Dakota. While no differences 
were noted in swath grazing treat-
ments, additional research is needed 
to determine optimum forage type 
and swathing date to optimize graz-
ing returns. In addition, an economic 
analysis should be conducted to better 
understand these grazing systems.
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Schutz and R.L. Anderson. 1999. Reduc-
ing annual cow cost by grazing windrowed 
millet. Prof. Anim. Sci. 15:40-45.

Schauer, C.S. 2000. Self-limiting supplements 
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the northern Great Plains. Masters Thesis. 
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Figure 21. Effect of sampling date on ADF crested wheatgrass (CWG), 
big bluestem (BBS), foxtail millet (FM) and native range (NR) at Central 
Grasslands Research Center, Streeter, N.D., in 2005.

Figure 3. Effect of sampling date on NDF crested wheatgrass (CWG), 
big bluestem (BBS), foxtail millet (FM) and native range (NR) at Central 
Grasslands Research Center, Streeter, N.D., in 2005.
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Effect of hay feeding methods on cow performance, 
hay waste and wintering cost
D.G. Landblom1, G.P. Lardy2, R. Fast3, C.J. Wachenheim4 and T.A. Petry5 

The objective of this project was to 
determine the effect of hay feeding 
methods on cow wintering cost. A 
conventional method of rolling bales 
out on the ground was compared to 
feeding with either a bale processor or 
feeding with a tapered-cone round bale 
feeder. The tapered-cone bale feeder 
reduced waste, decreased the amount 
of hay required per cow and decreased 
wintering cost per cow while maintain-
ing body condition.

Summary
A three-year wintering investigation 
was conducted to determine the effect 
of hay feeding methods on cow win-
tering cost. The study compared the 
conventional method of rolling round 
bales out on the ground with shred-
ding round hay bales on the ground 
with a bale processor and feeding hay 
in a tapered-cone round bale feeder. 
The cows used in the study were in the 
third trimester of pregnancy and were 
fed for an average of 59 days during 
the test period. Data recorded from 
the multiple-year study then was used 
to prepare an economic analysis model 
with operating budgets for 100- and 
300-head reference herds. 

Compared with rolling bales out on 
the ground or using a bale processor 
to shred hay on the ground, feeding 
bales in a tapered-cone round bale 
feeder increased cow weight gain (P < 
0.01); resulted in greater positive rib-
fat depth change (P = 0.06); reduced 
estimated hay consumption an average 
10.2 percent (P < 0.01); and reduced 
hay waste in the two years of the study 
when alfalfa-grass hay was fed, but 
not when oat hay was fed. Overall, 
for the three-year evaluation period, 
using a tapered-cone round bale feeder 
reduced wintering cost by 21 percent 
for a 100-cow reference herd and 17.6 
percent for a 300-cow reference herd, 
when compared to feeding with a bale 
processor. 

Introduction
Winter feed cost makes up a large 
portion of production costs and is the 
single largest variable infl uencing prof-
itability (Miller, et al., 2001). The most 
common method for putting up hay in 
North Dakota is the large, round bale. 
Rolling round bales out on the ground 
has been the most common hay feed-
ing method. However, power takeoff-
operated bale processors are becoming 
more popular as labor savings become 
more important. A number of different 
bale feeders are available commercially, 
and manufacturers recently introduced 
a tapered-cone round bale feeder. 

Michigan State University data sug-
gests feeder type and animal behavior 
can infl uence the amount of hay beef 
cattle waste. In a recent study, Buskirk, 
et al. (2003), reported losses of 3.5 
percent (tapered cone), 6.1 percent 
(ring), 11.4 percent (trailer) and 14.6 
percent (cradle feeder). Depending on 
storage method, length of time forage 
is stored, forage type and environmen-
tal conditions, forage dry-matter losses 
can range from 2 percent to 18 percent 
(Belya, et al., 1985; Baxter, et al., 
1986; Huhnke, 1987).

Hay processors have gained acceptance 
because they are reported to reduce 
overall investment in machinery, com-
pared with tub grinding and feeding 
hay with a mixer wagon. While bale 
processing machines do not have mix-
ing capabilities, they can be used effec-
tively for fi lling bunks for feeding on 
the ground, especially with “stemmy” 

1Dickinson Research Extension Center, 
North Dakota State University
2 Department of Animal and Range Sciences, 
North Dakota State University
3Agriculture and Technical Studies 
Department, Dickinson State University
4 Department of Agribusiness and Applied 
Economics, North Dakota State University
5Extension Agricultural Economics, 
North Dakota State University
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hays, since the stems are chopped and 
essentially mixed in the windrow as the 
cattle are fed, effectively eliminating or 
reducing sorting problems. 

Considering the three methods avail-
able for feeding hay during the winter, 
this study was designed to compare 
cow wintering performance, hay con-
sumption necessary to maintain cow 
body condition, labor inputs, winter-
ing cost and hay waste when hay was 
rolled out on the ground, shredded 
with a bale processor on the ground or 
fed in a tapered-cone round bale feeder.

Materials and Methods
Three hundred sixty crossbred cows 
averaging 1,343 pounds (n = 144 year 
one and n = 108 in both years two and 
three, respectively) were assigned ran-
domly to one of 12 fi ve-acre wintering 
lots at the Dickinson Research Exten-
sion Center. The study consisted of 
four pen replicates per treatment. 

Treatments 

1. Conventional method — Round 
bales fed by rolling bales on the 
ground (Figure 1)

2. Round bales shredded with a power 
takeoff-driven bale processor and 
fed on the ground (Figure 2)

3. Round bales fed by placing the bale 
in a tapered-cone round bale feeder 
(Figure 3)

Cows were weighed, visually condi-
tion scored and measured for rib-fat 
depth using real-time ultrasound at 
the beginning, middle and end of the 
59-day study. Fat depth measurements 
were taken between the 12th and 13th 
ribs according to Ultrasound Guide-
lines Council parameters for carcass 
measurement. Quantity and quality of 
hay delivered and feeding time for each 
system was recorded. Individual bales 
were weighed and core sampled for 
subsequent nutrient analysis (Table 1).

For years one and two of the study, an 
alfalfa grass-mixed hay was fed. During 
the last year of the study, oat hay was 

Figure 1. A conventional hay feeding method of rolling round bales out 
on the ground.

Figure 2. Feeding with shredded round hay bales on the ground.

Figure 3. Feeding with a tapered-cone round bale feeder.
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manually by taping the length and 
width in several locations, and the 
third year the area of waste was mea-
sured using global positioning satellite 
(GPS) geospacial mapping.  Using an 
Ag-132 Trimble Receiver, the feeding 
area of waste perimeter was walked. 
Geolink software, an interface between 
the Trimble receiver and Arcview soft-
ware, created a polyline, which Arcview 
processed into a polygon. Arcview and 
Fujitsu monitors then were used to 
calculate the area of the polygon. 

Cow growth, body condition score, 
hay intake, fat depth and waste data 
were analyzed as a complete random-
ized design with the GLM procedure 
of SAS (SAS Inst. Inc., Cary, NC, 
2003) using pen as the experimental 
unit. The model included treatment 
and year, and the two-way interaction 
between treatment and year. When an 
interaction was not signifi cant, the data 
was combined and reanalyzed. Differ-
ences were not considered signifi cant 
when (P > 0.10). 

Production measurements and ef-
fi ciency, time required for feeding, 
equipment and machinery inputs, and 
depreciation were used to develop an 
economic analysis model to compare 
the three feeding methods using both 
100- and 300-head reference herds in 
the model. The two herd sizes in the 
model represent the two most common 
cow herd sizes in North Dakota (North 
Dakota Agricultural Statistics Service, 
2005).

The model assumed a winter feeding 
period of 135 days and hay was priced 
at $42.50/ton. The tapered-cone round 
bale feeders were valued at $800 each 
and assumed to feed 13 to 15 cows. 
The round bale processor was priced at 
$15,000. The assumption was the bale 
processor cutting fl ails would be re-
placed every 2,500 bales at a charge of 
$250, including labor. Tractor expenses 
were based on a 110-horsepower unit 
in all treatments, and allocation was 

used. Proximate analysis for the forage 
offered is shown in Table 1. For the 
purposes of dry matter intake (DMI) 
prediction, the hay was estimated to 
contain a net energy for maintenance 
value of approximately 1.146 megacal-
ories/kilogram (Mcal/kg) (1.07, 1.14, 
and 1.31 Mcal/kg for crested, brome 
and alfalfa hays, respectively).

Based on the most current equation for 
predicting DMI among second/third 
trimester beef cows (NRC, 1996), 
initial DMI was estimated using the 
following formula: DMI = (SBW 0.75 x 
(0.04997 x NEm

2 + 0.04361)/ NEm), 
where SBW0.75 is shrunk body weight 
(weight, kg x .95) to the 0.75 power, 
and (NEm) is the net energy value 
of diet for maintenance expressed in 
Mcal/kg. The DMI value was fur-
ther adjusted for temperature and 

post-calving milking ability. Based on 
midpoint ultrasound fat depth change, 
the amount of hay delivered to each 
treatment was increased, if needed, to 
maintain similar body condition across 
treatments.

Hay waste was estimated by secur-
ing two 40-inch by 80-inch carpet 
pieces to the ground and feeding daily 
hay deliveries on the carpets for three 
consecutive days in each of the 12 pen 
replicates. Twenty-four hours after 
feeding, the carpets were cleaned and 
the residual forage and fi nes were col-
lected, dried (at 140 F for 72 hours), 
weighed and analyzed for nutrient 
content.

The area of waste was not measured 
the fi rst year of the study. The second 
year, area of hay waste was estimated 

Table 1. Forage Analysis.

 System 

  PTO-driven Tapered-cone
 Round Bale Round Bale Round Bale
 Rollout Processor Feeder

Year 1, 
Alfalfa-Grass Hay    
Dry Matter, % 95.2 94.9 95.1
Ash, % 9.0 9.2 8.9
Crude Protein, % 14.6 14.4 14.6
ADF, % 38.9 39.3 40.7
NDF, % 53.9 54.6 53.1
Calcium, % 1.1 1.0 1.0
Phosphorus, % .23 .22 .22
IVDMD, % 59.9 58.1 59.2
IVOMD, % 58.1 56.2 56.7

Year 2, 
Alfalfa – Grass Hay    
Dry Matter, % 95.9 96.8 96.1
Ash, % 7.9 8.5 7.4
Crude Protein, % 9.6 12.1 9.7
ADF, % 39.3 39.6 41.0
NDF, % 60.7 60.2 61.5
IVDMD, % 63.6 63.0 63.5
IVOMD, % 59.1 57.4 58.9

Year 3, Oat Hay    
Dry Matter, % 88.9 89.5 88.2
Ash, % 9.1 9.8 9.6
Crude Protein, % 12.8 12.9 13.4
ADF, % 39.2 39.7 39.2
NDF, % 70.5 72.9 70.9
IVDMD, % 62.7 65.1 62.5
IVOMD, % 60.7 63.2 60.4
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or tapered-cone feeder. Starting, ending 
and condition score change differed 
between years, but did not differ due 
to treatment (P = 0.15).

In addition to visual BCS, an ultra-
sound fat-depth measurement was 
taken at a rib location between the 
12th and 13th ribs to quantify body 
condition change. Signifi cant varia-
tion was measured between years (P 
< 0.01) and within years (P = 0.06). 
During the fi rst two years of the study, 
cows fed using the tapered-cone feeder 
had greater rib-fat depth increase than 
either the roll-out or bale processor 
methods (Figure 4). During the third 
year of the study, rib-fat depth change 
declined from the start to the end of 
the test feeding period, but the decline 
did not differ among feeding methods 
(Figure 4). Cows used during the third 
year were in better overall body condi-
tion at the start of the test feeding 
period, which may have contributed 
to the observed condition decline. The 
decline suggests the level of energy 
supplied to all cow groups was not 
suffi cient to maintain starting body 
condition.

Hay intake to maintain body condition 
was greatest for those cows fed with the 
bale processor, intermediate when bales 
were rolled out and the least when 
cows were fed using a tapered-cone 
bale feeder (P < 0.01). On average, 
when compared with the tapered-cone 
feeder, 5 percent and 15.3 percent 
more hay was fed per cow using the 
roll-out and bale processor methods, 
respectively. 

Waste contributed to the increased 
amount of hay required among the 
roll-out and bale processor cow groups. 
An estimate of waste suggested type 
of hay and fi rmness of bales played 
a signifi cant role in success with the 
tapered-cone bale feeder. When dense 
alfalfa-grass hay bales were tied tightly 
and strings were not removed for feed-
ing, waste around the tapered-cone 
bale feeder was 4.3 to 5 times less than 
either the roll-out or bale processor 

Contrast Values: SE = 0.38, Treatment = 0.06, Year = <0.01, Interaction (Trmt x Yr) = 0.39
a Backfat measurement was taken between the 12th and 13th ribs.

based on typical use in other farm ac-
tivities, of which winter feeding is one 
of those activities (Lazarus and Selley, 
2002). Operation and ownership costs 
were $27 per hour, which included 
a $7-per-hour labor charge. Based 
on feeding time measured for each 
feeding method, tractor time alloca-
tion for fi lling the round bale feeders 
was calculated to be three minutes per 
bale and fi ve minutes per bale for the 
bales either rolled out on the ground or 
shredded with the power takeoff-driven 
bale processor. 

Results and Discussion
Cows were fed to maintain or improve 
their starting body condition prior to 
calving. Cow weight change, hay in-
take and body condition score change 
are summarized in Table 2. Statisti-
cally, no year x treatment interactions 
for growth and body condition score 
(BCS) were identifi ed; therefore, data 
for the three years was pooled. Cows 
fed using the conventional method, 
in which bales are rolled out on the 
ground, gained less (P < 0.01) than 
cows fed with either the bale processor 

Table 2. Three-year effect of hay feeding method on 
cow performance and hay intake. 

 Bale  Bale Cone P-Value

 Rollout Processor Feeder SE Yr Trmt Yr x Trmt

No. Cows 120 120 120    
Days Fed 59 59 59    
Starting Wt., lb. 1358 1352 1363 25.9 0.18 0.96 0.99
End Wt., lb. 1408 1418 1442 23.8 0.07 0.58 0.96
Gain, lb. 50.0x 66.0y 79y 5.98 0.46 <0.01 0.16
ADG, lb. 0.85x 1.12y 1.34y 0.102
 0.40 <0.01 0.144

Body Condition Scorea       
 BCS Start  5.88 5.77 5.94 0.087 <0.01 0.38 0.63
 BCS End 5.83 5.80 6.01 0.083 <0.01 0.15 0.10
 BCS Change -.04 .029 .07 0.081 <0.01 0.60 0.22

Hay/Cow, lb., Yr 1 1795x 1761y 1524z 31.31 <0.01 <0.01 0.004
 Yr 2 2249x 2350y 2037z    
 Yr 3 2019x 2252y 1934z 

Hay/Cow/Day, lb., 
Yr. 1 30.9x 29.9x 26.3y 0.46 <0.01 <0.01 0.0003
 Yr. 2 40.9x 42.7y 37.1z    
 Yr 3 31.5x 35.2y 30.2z

a1 to 9 scale (1 = extremely thin; 9 = obese)

Figure 4. The effect of hay feeding method on rib-fat depth change 
during the three-year studya.
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methods, respectively. However, when 
loose, poorly tied oat hay bales were 
fed in the tapered-cone bale feeder, 
waste was numerically decreased but 
did not differ with the bale proces-
sor (P = 0.30). During the three- year 
period, these data suggest hay waste 
is minimal with the tapered-cone 
bale feeder when bales are dense and 
adequately tied, and strings are not 
removed prior to feeding. 

Economic model analysis suggest 
feeding with a tapered-cone round 
bale feeder offers substantial cost 
savings per cow arising from reduced 
hay consumption, equipment cost 
and feeding time. Wintering cost per 
cow for the 100-cow reference herd 
was $109.10, $127 and $100.30 for 
rolling out bales, shredding with a 
bale processor and feeding bales in a 
tapered-cone feeder (Table 4). The 
per-cow cost for the bale processor 
using a 300-cow reference herd was 
$121.70, compared with $127 for the 
100-cow reference herd. The difference 
between 100- and 300-cow reference 
herds was due to variation in the rate 
of depreciation used for the two herd 
sizes in the economic model.

Using a bale processor to shred bales 
into windrows before feeding was the 
most expensive due to greater equip-
ment ownership cost and greater hay 
intake per cow necessary to maintain 
comparable condition, compared with 
the tapered-cone bale feeder. Rolling 
bales out and shredding into windrows 
with a bale processor increased hay 
consumption and winter feed cost. 

Implications
Using dense, properly tied bales, the ta-
pered-cone feeder was a superior winter 
hay feeding method when compared 
with either rolling bales out on the 
ground or shredding on the ground 
with a bale processor. Tapered-cone 
bale feeders reduced waste, decreased 
the amount of hay required/cow from 
5 percent to 15.3 percent and de-

Table 3.Quantitative measurement of feeding area waste 
associated with each feeding method. 

 Bale  Bale Tapered-cone P-Value

 Rollout Processor Feeder SE Yr Trmt Yr x Trmt

Pounds of waste/ 
feeding area: 

Alfalfa-Grass Hay 135.5 115.6 26.7 21.42 0.09 0.30 <0.01

Oat Hay     106.7 61.8 199.0

Table 4. Two year economic analysis comparing 
hay feeding methods for 100 and 300 head cow herds. 

 System

  PTO Driven Tapered-Cone
 Round Bale Round Bale Round Bale
 Rollout Processor Feeder

Hay consumed/day, lb. 34.3 35.9 31.2

Hay fed, Tons a
 100 cow herd 232.0 242.6 210.5
 300 cow herd 695.9 727.9 631.4

Hay Cost/Cow, $ $98.6 $103.1 $89.4

Total Herd Hay Cost, $
 100 cow herd $9,858 $10,311 $8,945
 300 cow herd $29,574 $30,934 $26,834

Equipmentb

 100 cow herd — $1,298 $513
 300 cow herd — $2,288 $1,538

Tractor operationc

 100 cow herd $1,044 $1,092 $568
 300 cow herd $3,131 $3,275 $1,705

Total non-hay expense
 100 cow herd $1,044 $2,390 $1,081
 300 cow herd $3,131 $5,564 $3,243

Total expense
 100 cow herd $10,902 $12,701 $10,026
 300 cow herd $32,705 $36,497 $30,077

Cost per cow
 100 cow herd $109.0 $127.0 $100.3
 300 cow herd $109.0 $121.7 $100.3

Hay as % of total cost
 100 cow herd 90.4 81.2 89.2
 300 cow herd 90.4 84.8 89.2

a Tons of hay fed over a 135 day period. Hay was priced at $42.50 per ton.
b Each bale feeder cost $800 and fed 13 cows in the analysis model. Bale feeders were depreci-
ated over 12 years. The bale processor cost $15,000. It was depreciated over 12 years for the 
100 cow operation and 7 years for the 300 cow operation. Cutting fl ails were replaced every 
2,500 bales at a total replacement cost of $250 including labor charge. 
c A 110 HP tractor is used regardless of system; model expense referenced from Lazarus and 
Selley (2002). Ownership expenses calculated assuming the tractor experiences typical use in 
other farm operation activities. Operation and ownership costs are $27 per hour including a 
$7 per hour labor charge. Tractor time is three minutes per bale for the bale feeder and fi ve 
minutes per bale for roll out and bale processor systems.

creased wintering cost/cow while main-
taining body condition. Economic 
analysis for the three wintering seasons 

identifi ed an economic advantage in 
using the tapered-cone round bale 
feeding method.  
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Evidence of Neospora caninum presence 
in North Dakota beef herds
M.L. Khaitsa, R. Barigye, N.W. Dyer, D.M. Doetkott and J.R. Foster

Summary 
The objective of this study was to 
evaluate the presence of Neospora 
caninum antibodies in beef herds in 
North Dakoa. A total of 212 cattle (97 
calves and 115 cows) of seven cow-calf 
herds originating from four counties 
in North Dakota participated in the 
study. Blood was obtained from cattle 
and tested for N. caninum antibodies 
by indirect Enzyme Linked Immuno-
sorbent Assay (ELISA). Additionally, 
data of N. caninum cattle cases were 
retrieved from the NDSU VDL and 
analyzed. N. caninum cattle cases were 
characterized by location, time of diag-
nosis, age, diagnostic test and sample, 
and presenting syndrome.

Seroprevalence of N. caninum was 5.2 
percent (fi ve of 97) and 5.2 percent (six 
of 115) for calves and adult cattle, re-
spectively. Overall, seroprevalence was 
5.2 percent (11 of 212 cattle). Within 
herd, seroprevalence ranged from 0 
percent to 13.3 percent (median 3.3 
percent). Furthermore, at the NDSU 
VDL, 23 N. caninum cases were diag-
nosed in cattle, calves and fetuses of 
various breeds presenting with varying 
history. We conclude N. caninum anti-
bodies were present in the beef herds in 
North Dakota, and infections may be 
as common in calves as in adult cattle. 
These fi ndings underscore the need for 
further investigation of bovine neospo-
rosis as a potential source of economic 
loss to the North Dakota beef industry.

The objective of this study was to evalu-
ate the presence of Neospora caninum 
antibodies in beef herds in North 
Dakota. Overall, seroprevalence of N. 
caninum was 5.2 percent (11 of 212 
cattle). Within herd, prevalence ranged 
from 0 percent to 13.3 percent (median, 
3.3 percent). Also, at the North Dakota 
State University Veterinary Diagnostic 
Laboratory (VDL), 23 N. caninum 
cases were diagnosed in cattle, calves 
and  fetuses of various breeds presenting 
with varying history. We concluded N. 
caninum antibodies were present in 
the beef herds in North Dakota. These 
fi ndings underscore the need for further 
investigation of bovine neosporosis as a 
potential source of economic loss to the 
North Dakota beef industry.

Introduction 
N. caninum is one of the most frequent 
infectious organisms causing abor-
tion and congenital disease in cattle 
worldwide3. Infection of the fetus leads 
to abortion as the main consequence, 
but also may cause in utero fetal resorp-
tion, mummifi cation or maceration, 
stillbirths, birth of calves with clinical 
signs or clinically normal calves that are 
chronically infected and have reduced 
postweaning weight gain3. Thus, bo-
vine neosporosis has been identifi ed as 
an important risk factor for reproduc-
tive losses in both beef and dairy cattle 
worldwide3.

The prevalence of bovine neosporosis 
varies from place to place. Seropreva-
lences of 24.4 percent to 42.5 percent 
have been reported for California dair-
ies1, 23 percent (range 2 percent to 67 
percent) and 5.9 percent to 9 percent 
in beef herds in the northwestern U.S.9 
and 80 percent in a dairy herd with 
abortion problems in South Carolina4. 
The status of bovine neosporosis in 
North Dakota is largely unknown, 
yet the VDL at NDSU continues to 
diagnose sporadic cases of the disease. 
The objective of this study was to 
determine the presence of N. caninum 
in beef cattle herds in North Dakota. 
Data generated would help design 
further studies to determine risk factors 
for N. caninum occurrence in North 
Dakota.

Department of Veterinary and 
Microbiological Sciences
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Procedure 
A total of 212 cattle (97 calves and 
115 cows) originating from seven 
cow-calf farms in the North Dakota 
counties of Billings, Dunn, Mercer and 
Stark participated in the study. The 
animals were part of a larger group of 
cow-calf herds enrolled in the North 
Dakota Animal Identifi cation project. 
A random sample of at least 30 cattle 
(15 calves and 15 adult cows) was 
selected from each of the seven herds 
that participated in the study, except 
where fewer than 30 animals in each 
category were available. In those cases, 
all of them were sampled. One herd 
had only calves, and two herds had 
only adult cows, so 30 animals of one 
category were sampled from each of 
these herds. Blood was collected and 
brought to the laboratory at NDSU, 
where it was processed.

All the 212 serum samples collected 
were tested by indirect ELISA for N. 
caninum antibodies, as described in the 
IDEXX Neospora-ELISA kit protocol7. 
Data on bovine cases diagnosed as 
positive for N. caninum by the NDSU 
VDL in 2004 were accessed. Addition-
ally, information regarding clinical 
history, age, breed and county of origin 
in each case was obtained. Geographic 
Information Systems Arc Info 8 soft-
ware was used to map the cases of N. 
caninum detected in our study. The 
N. caninum cases the VDL reported in 
2004 in North Dakota were character-
ized by time of diagnosis, age, diag-
nostic test and sample used, and the 
history of the case.

Results
Seroprevalence of N. caninum antibod-
ies in the sample cattle was 5.2 percent 
(fi ve of 97) in calves and 5.2 percent 
(six of115) in adult cattle, with an 
over all prevalence of 5.2 percent (11 
of 212 cattle) (95 percent confi dence 
interval, 2.6 percent, 9.1 percent) 
(Table 1). Within herd, seroprevalence 
ranged from 0 percent to 13.3 per-
cent (median 3.3 percent). Three out 

of the seven herds tested negative for 
N. caninum antibodies. All the four 
counties that participated in the study 
had at least one animal test positive for 
N. caninum antibodies, with the total 
number of animals positive per county 
ranging from one to four (Figure 1).  

In 2004, a total of 23 bovine N. 
caninum infections were diagnosed by 
the NDSU VDL  in cattle originat-
ing from eight out of 53 counties in 
North Dakota (Figure 1). A variety 

of beef and dairy breeds (Simmental, 
Angus, Holstein, mixed breed, Red 
Angus and Gelbuieh) were affected by 
N. caninum. Of the 10 cases whose age 
was given, eight of the 10 (80 percent) 
were adult cattle, while the rest (two, 
20 percent) were aborted fetuses. The 
majority of N. caninum cases (11 of 
23, 48 percent) diagnosed at the VDL 
had a history of abortion. The remain-
ing cases were submitted to the VDL 
due to poor herd conception rates (two 

Table 1. Frequency distribution of cattle that tested 
positive for Neospora caninum by county and age 
category – North Dakota, 2004.

 Neospora caninum

   Percent
County Age group Positive samples Positive (%)

Mercer calves 0 of 15 0.0
 adult cows 1 of 15 6.7
Stark calves 0 of 41 0.0
 adult cows 4 of 51 7.8
Billings calves 3 of 26 11.5
 adult cows 1 of 4 25.0
Dunn calves 2 of 15 13.3
 adult cows 0 of 45 0.0

Overall  Totals  calves 5 of 97 5.2
 adult cows 6 of 115 5.2
 all cattle tested 11 of 212 5.2

Distribution of Neospora caninium cases by county as reported from samples 
we tested and by the Veterinary Diagnostic Laboratory.
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of 23, 8.7 percent) or for voluntary 
Johne’s disease herd evaluation (10 of 
23, 43.5 percent), with Neospora test-
ing being requested as an additional 
screening test.

The VDL  N. caninum cases were 
reported in only four out of 12 months 
(April, July, November and Decem-
ber), with the majority (11 of 23, 48 
percent, and seven of 23, 30 percent) 
occurring in November and December, 
respectively. 

Discussion
Antibodies to N. caninum were found 
in at least one animal from every 
county we sampled, which was an 
indication of widespread exposure of 
the North Dakota beef cattle to N. 
caninum. Exposure to N. caninum 
antigen has been reported as common 
in beef cow-calf herds in the northwest 
U.S.9 and Texas2, and in dairy and beef 
herds from 20 U.S. states8. Overall, se-
roprevalence in our study (5.2 percent) 
and within herd prevalence (range 0 
percent to 13.3 percent, median 3.3 
percent) was lower than other stud-
ies reported4,8,11. Our comparatively 
smaller sample size may have limited 
our ability to estimate the true preva-
lence of Neospora exposure in North 
Dakota. Another study6 reported a 
prevalence of 4.7 percent (19 of 400) 
for beef cattle, which is close to the 5.2 
percent prevalence we reported. 

Our study found similar prevalence 
of antibodies to N. caninum in adult 
cattle to that in calves. This fi nding was 
not a total surprise since transplacental 
transmission is considered the major 
route of infection for bovine neo-
sporosis, and most seropositive cows 

are expected to produce seropositive 
calves11. However, the role of vertical 
transmission in the epidemiology of 
N. caninum was not examined in this 
study because dam-daughter connec-
tions were not maintained in most 
herds.

An apparent seasonal variation oc-
curred in the number of N. caninum 
cases diagnosed at the VDL, with the 
majority of cases occurring in No-
vember and December 2004. Another 
study10 reported more abortions likely 
were to occur in dairy cattle in winter 
than in summer and early fall. Also, 
anecdotal data at the NDSU VDL sug-
gest most bovine abortions in the state 
occur during the winter months. This 
may be related to stress that suboptimal 
winter temperatures cause. Another 
possibility is that breeding of cattle 
usually is synchronized, with most ani-
mals attaining the second trimester of 
pregnancy during November/Decem-
ber. With very few published reports, 
however, the validity of this observa-
tion warrants further investigation. 

The VDL records indicate N. caninum 
affected a variety of both dairy and 
beef cattle breeds, underscoring the 
fact that both beef and dairy cattle in 
North Dakota potentially are at risk of 
infection with this parasite. The VDL 
data suggest that in North Dakota, 
Neospora infection is an important 
cause of abortion. We concluded that 
N. caninum antibodies were present in 
the beef herds in North Dakota. Based 
on these fi ndings, bovine neosporosis 
should be investigated as a potential 
source of economic loss to the North 
Dakota beef industry, more so since 
endemic N. caninum infection has 
been shown to decrease return to fi xed 
assets for cow-calf herds5.
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Does pre-breeding fat or protein supplementation 
improve rebreeding performance?
D.G. Landblom1, G.P. Lardy2, C.J. Wachenheim3 and T. Petry3 

The objective of this investigation was 
to determine the value of pre-breeding 
protein or protein-sunfl ower oil 
supplementation on reproductive 
performance in postpartum beef cows. 
Thirty-six day supplementation prior 
to the onset of artifi cial insemination 
effectively reduced the amount of 
hay fed, but did not improve timed 
fi rst-service conception rate, 21 day 
pregnancy rate or overall pregnancy 
rate.

Summary
Two hundred forty-eight mixed-age 
postpartum beef cows (3 to 10 years 
of age) were used to evaluate the effect 
of added protein or protein plus 10 
percent fat from sunfl ower oil (protein 
plus SFO), when fed 36 days pre-
breeding, on cow condition change, 
reproductive performance and calf 
growth.

Sunfl ower oil supplementation did 
not improve the fi rst-service timed 
artifi cial insemination (AI) pregnancy 
rate; however, based on ultrasound 
cranial width, protein plus SFO tended 
to improve the 21-day natural-service 
pregnancy rate, compared with control 
and protein-supplemented groups (P 
= 0.08). When timed AI and 21-day 
natural-service pregnancy rates were 
combined, the effect due to treatment 
did not differ (P = 0.36). Overall 
pregnancy rate for the 42-day breeding 
season was numerically greater for the 
protein-plus-SFO treatment; however, 
the observed increase did not differ 
from the other treatments (P = 0.19), 
and the number of open cows  48 days 
after the end of the breeding season 
was similar (P = 0.33). 

During the prebreeding supplementa-
tion period, cow weight and body con-
dition score (BCS) tended to decline 
across all treatments, but did not differ 
(P = 0.19).

Economic impact of the protein and 
protein-plus-SFO treatments were cal-
culated as the value of calves and cull 
cows assumed sold under each treat-

ment, less associated feed costs during 
the 36- day pre-breeding period. Indi-
vidual year pregnancy rate and timing 
data were used to calculate revenues 
using a 100-cow reference herd. Since 
revenues did not differ substantially 
among treatments, and supplement 
cost increased expenses in treatment 
groups, supplementation decreased 
economic return. 

Introduction
Feeding fat to beef cows after calving as 
a source of supplemental energy is not 
a new practice. Fat is a concentrated 
energy source, containing 2.25 times 
more energy per unit weight than ei-
ther carbohydrates or protein. Research 
indicates added dietary fat of plant 
origin can positively infl uence repro-
ductive response independent of caloric 
effects. Positive ovarian physiological 
responses include increased follicular 
growth and function, increased corpus 
luteum (CL) lifespan and shortened 
postpartum interval (Talavera, et al., 
1991; Thomas, et al., 1997; Williams 
and Stanko, 1999).

In a review of fat-feeding experiments 
utilizing saffl ower, Hess (2003) con-
cluded the addition of supplemental 
fat may increase the percentage of cows 
exhibiting ovarian luteal activity, but 
the interval from calving to the fi rst 
ovulatory estrus, fi rst-service concep-
tion rate and overall conception rate 
were not improved. Landblom, et al. 
(2002), evaluated protein supplemen-
tation with fat enhancement from 
either beef tallow or soybean oil when 

1Dickinson Research Extension Center, 
North Dakota State University
2Department of Animal and Range Sciences
3Department of Agribusiness and Applied 
Economics
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fed from 30 days before calving to 30 
days after the last cow calved. Feeding 
either tallow or soybean oil pre- and 
post-calving did not improve reproduc-
tive performance. 

The present investigation was designed 
to evaluate the value of sunfl ower oil as 
a partial replacement for hay that may 
improve reproductive performance in 
postpartum beef cows independent of 
caloric effects. 

Procedure
Two hundred forty-eight beef cows (3 
to 10 years of age) were used in a com-
plete randomized design in which the 
pen served as the experimental unit, 
with four pen replicates per treatment. 
The experimental treatments were fed 
an average of 36 days pre-breeding. 
After calving and prior to the initiation 
of the pre-breeding supplementation, 
all cows were fed medium-quality 
alfalfa-grass mixed hay on a dry-mat-
ter (DM) basis: 96.26 percent DM; 
10.81 percent ash; 10.75 percent 
crude protein (CP); 39.7 percent acid 
detergent fi ber (ADF); 58.61 percent 
neutral detergent fi ber (NDF); 61.44 
percent in vitro dry matter digestibility 
(IVDMD) and 56.42 percent in vitro 
organic matter digestibility (IVOMD). 
Cows were assigned to control (n = 
83), protein (n = 81) or protein-plus-
sunfl ower oil (n = 84) treatments 
(Table 1).

In year one, supplements and hay 
provided 676 and 594 grams of me-
tabolizable protein per day in excess of 
NRC (1996) requirements and 0.31 
and 0.29 megacalories/pound (Mcal/
lb) of net energy gain for the protein 
and protein-plus-fat treatment groups, 
respectively. However, in year two, the 
amount of supplement offered to the 
cows was adjusted between the two 
supplement treatments to more closely 
balance metabolizable protein per day 
and net energy for gain. The adjust-
ments were made such that supplement 
and hay provided 654 and 617grams of 
metabolizable protein per day in excess 

of NRC (1996) requirements, and 
0.30 and 0.30 Mcal/lb. of net energy 
for gain was provided for the protein 
and protein-plus-fat treatment groups, 
respectively (Table 2). 

In the fi rst year of the investigation, 
control cows received 46.77 pounds of 
medium-quality alfalfa hay/head/day 
and supplemented cows received an 
average 41.62 pounds of the same 
medium-quality alfalfa hay/head/day, 
plus either 6.84 pounds of the 18 per-
cent crude protein supplement or 5.02 
pounds of the 18 percent crude protein 
supplement with 10 percent added 
fat. In year two, control cows received 
46.1 pounds of medium-quality alfalfa 
hay/head/day and supplemented cows 
received an average 42 pounds of a 
medium-quality alfalfa hay/head/day, 
plus either 6.45 pounds of the 18 
percent crude protein supplement or 
5.45 pounds of the 18 percent crude 
protein supplement with 10 percent 
added fat (Table 2). The supplements 
were fed such that the respective diets 
were isocaloric but not isonitrogenous, 
and were fed in concrete bunks on 
alternate days.  

Supplement feeding began an aver-
age of 36 days prior to the start of 
a GnRH/PG-synchronized, timed 
AI breeding season and ended when 
breeding began. Ninety days after the 
start of the AI breeding season, all cows 

were scanned using rectal ultrasound 
to determine pregnancy and fetal 
age based on cranial width. Effect 
of supplementation on reproductive 
performance was measured for fi rst-ser-
vice timed AI pregnancy rate, 21-day 
natural service, 42-day pregnancy rate, 
overall pregnancy rate and the percent 
of open cows. Calf performance was 
monitored during the pre-breeding 
supplementation period.

Table 1. Experimental pre-breeding 
supplement ingredient composition 
(as fed).

  Protein
Ingredients Protein  + SF Oil

Wheat Midds, % 30.02 25.97
Barley Malt Sprouts % 30.00 20.00
Cull Beans, % 20.00 20.00
Sunfl ower Oil, % 0.00 10.00
Canola Meal, % 5.00 10.00
Distillers Dried Grain, % 3.75 5.00
Othera,b,c  11.23 9.03
Crude Protein, % 18.20 18.11
UIP, % 5.45 5.28
Crude Fat, % 2.64 12.56
ADF, % 9.83 9.18
NDF, % 26.75 23.37
Calcium, % 1.20 0.79
Phosphorus, % 0.84 0.56

aTrace Mineral Pack provided: manganese 
130ppm, iron 108ppm, copper 68.95ppm, zinc 
238ppm, Cobalt 1.13ppm, iodine 5.42ppm, 
sulfur .22%
bVitamin Pack provided: vit A 16.0 KIU/lb.,vit 
D-3 1.60 KIU/lb., vit E 16.0 IU/lb., thiamine 
2.71 mg/lb.
cMolasses 5%; Bentonite 2%; Salt 1.75, 1.35%; 
Dical Phos (21%) 1.85, 1.30%; Molastik Binder 
0.20%; Selenium-1600 0.063%.

Table 2. Pre-breeding hay and supplement fed (as fed). 

   Protein
 Control Protein + SF Oil

No. Cows 43 44 42 
Amount/Cow/Day:
    Yr. 1:
  Alfalfa/Cow/Day, lbs. 46.77 41.69 41.55 
  Suppl./Cow/Day, lbs.  6.84 5.02 
 Yr. 2:  
  Alfalfa/Cow/Day, lbs. 46.10 41.80 42.10
  Suppl./Cow/Day, lbs.  6.45 5.45

Formulated MPa and Energy Balance Year 1 Year 2 Year 1 Year 2
Metabolizable Protein
 Diet, g/d 1565 1543 1483 1506
    Requirement, g/d 889 889 889 889
    Excess of Requirement, g/d 676 654 594 617
NEg, Mcal/lb. 0.31 0.30 0.29 0.30

aMetabolizable Protein
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Economic impact of the protein and 
protein-plus-SFO supplements were 
calculated based on local and regional 
market value of calves and cull cows 
sold under each treatment, less as-
sociated feed costs during the 36-day 
pre-breeding period. Individual year 
pregnancy rate and timing data were 
used to calculate revenues. A 100-cow 
herd was used for reference.

Cow weight change, body condi-
tion score, ultrasound fat depth and 
growth data were analyzed as a com-
plete randomized design with the 
GLM procedure of SAS (SAS Inst. 
Inc., Cary, N.C., 2003) using the pen 
as the experimental unit. The model 
included treatment, year and the two-
way interaction between treatment 
and year. When an interaction was 
not signifi cant, the data was combined 
and reanalyzed. Differences were not 
considered signifi cant when (P > 0.05). 
Breeding cycle pregnancy frequency 
data was analyzed using Chi Square 
analysis procedures of SAS (SAS Inst. 
Inc., Cary, N.C., 2003).  

Results 
The effect of supplemental protein 
or protein plus SFO on cow and calf 
performance pre-breeding and repro-
ductive performance was evaluated 
based on changes in body weight and 
condition score, rib-fat depth change, 
fi rst-service and subsequent heat cycle 
pregnancy rates, and calf growth. 

During the average 36-day period 
preceding the start of the breeding 
season, cow body weight declined in 
all treatment groups, but did not differ 
(P = 0.26) (Table 3).

The primary aspect of this investiga-
tion was to determine not only whether 
fat supplementation from sunfl ower oil 
could replace a portion of the hay fed, 
but also determine the value of pre-
breeding fat supplementation on fi rst-
service timed AI, 21-day natural service 
and overall pregnancy rates. While we 
did not document luteal tissue change, 

Talavera, et al. (1991) ; Thomas, et al. 
(1997); Williams and Stanko (1999); 
and others have investigated the effect 
of dietary lipids on follicular growth 
and concluded that supplemental lipids 
could infl uence follicular development 
positively, and potentially fi rst-service 
pregnancy rate as well. The impact of 
lipids on follicular development was 
reported to occur independently of 
caloric affects and often was associated 
with fat supplementation. 

Breeding-cycle pregnancy rates are 
shown in Table 4. Compared with the 
unsupplemented control cows, the 
fi rst-service timed AI pregnancy rate 
among supplemented cows did not 
differ (P = 0.32). One of the many 
economically signifi cant advantages for 
synchronization is two estrous cycles 

can be attained within the initial 21- to 
25-day period.

In the study, a tendency was observed 
for a supplementation treatment 
effect for the 21-day pregnancy rate 
(P = 0.08). Protein supplementation 
improved the pregnancy rate year one 
and protein plus SFO improved the 
pregnancy rate year two. Overall, when 
fi rst-service timed AI and the 21-day 
natural-service pregnancy were com-
bined, the effect due to treatment did 
not differ (P = 0.36).

For the 42-d pregnancy rate, a sig-
nifi cant year effect (P = 0.001) was 
observed, but effects due to treatment 
did not differ (P = 0.57). Overall 
pregnancy rates between treatments (P 
= 0.19) and between years (P = 0.68) 
did not differ. While the percentage of 
open cows consistently was lower for 

Table 3. Post-calving cow weight change following pre-breeding 
supplementation.

   Protein
 Control Protein + SF Oil SE P-Value

Days on Test 36 36 36 
Average Cows’ Age, yrs. 5.0 4.8 4.7 
Post-calving Cow Wt., lbs. 1239 1240 1232 36.2 .98
Breeding Wt., lbs. 1196 1207 1217 32.3 .90
Cow Wt. Change, lbs. -43 -33 -15 6.9 .26

Table 4. Pre-breeding supplementation effect on 
breeding cycle pregnancy rates.

    Protein + P-Valueb

  Control Protein SF Oil Year Treatment

Pregnancy Rate:a

 AI, % Yr 1 44.2 21.4 31.8 0.39 0.32
 Yr 2 37.5 48.7 27.5 
 21d, % Yr 1 34.9 64.3 56.8 0.47 0.077
 Yr 2 57.5b 41.0c 70.0a

 Combined 21d Yr 1 79.1 85.7 88.6 0.01 0.36
 Yr 2 95.0 89.7 97.5 
 42d, % Yr 1 11.6 7.4 9.3 0.001 0.57
 Yr 2 2.5 0.0 0.0 
 Overall Preg. Rate Yr 1 90.7 93.1 97.9 0.68 0.19
 Yr 2 97.5 89.7 97.5 
 Open, % Yr 1 9.3 6.9 2.1 <0.01 0.33
 Yr 2 2.5 10.3 2.5 

aUltrasound cranial measurements and regression analysis were used to compute fetal age follow-
ing measurement taken 90 days after timed insemination. Means with unlike superscripts differ 
signifi cantly (P < 0.10).
bChi Square analysis. 
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cows receiving the protein-plus-SFO 
treatment, the results did not differ 
(P = 0.33). 

Body condition is recognized as be-
ing highly correlated with successful 
reproductive function in beef cattle. 
Change in body condition was scored 
using a visual body condition score (1-
emaciated, to 9 - obese) and ultrasound 
rib-fat depth. Body condition score 
among all cows declined during the 
pre-breeding period, but did not differ 
between treatments (P = 0.19). No year 
(P = 0.50) or treatment (P = 0.20) ef-
fects were measured for rib-fat change 
during the pre-breeding supplementa-
tion period; however, there was a trend 
favoring year x treatment (P = 0.08) 
interactions. 

Calf growth during the supplementa-
tion period was monitored, but no 
treatment effect for calf growth was 
identifi ed; gain (P = 0.32) and ADG (P 
= 0.34) did not differ. 

Revenue showed little difference by 
treatment in either year, or when the 
two years were combined (Table 5). 
Less income was generated from cull 
cows for the protein-plus-SFO treat-
ment in both years, which refl ects 
greater overall pregnancy rates among 
the herd. The protein-plus-SFO treat-
ment resulted in greater income from 

the sale of calves overall for the same 
reason. However, income from the 
sale of calves was slightly greater for 
the control diet in 2003 because calves 
were, on average, sold at a heavier 
weight.

The effect of pregnancy rates and asso-
ciated culling activity on revenues will 
vary with relative prices for cull cows 
and calves. Because revenues did not 
differ greatly; and additional expense 
was associated with supplementation, 
feeding protein or protein-plus-SFO 
supplements decreased economic 
return. 

Implication
Providing pre-breeding protein or 
protein plus 10 percent sunfl ower oil 
in daily fed supplements adequately 
replaced a portion of the hay that 
was fed, which would be desirable for 
drought management, but did not im-
prove the timed fi rst-service pregnancy 
rate, combined fi rst-service and 21-day 
pregnancy rate or overall pregnancy 
rate when offered to cows consuming 
diets based on medium-quality alfalfa 
grass hay. Additionally, when cows are 
on an adequate plane of nutrition after 
calving, and have a pre-breeding body 
condition score of 5 or greater, supple-
mentation cost may impact economic 
return negatively.  
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Table 5. Economic impact; 100-cow case herd (dollars).

 2002 2003 Average

   Protein +   Protein +   Protein +
 Control Protein   SF Oil Control Protein SF Oil Control Protein SF Oil

Revenue, $         
Cull cows 3,971 2,946 897 1,421 5,855 1,421 2,696 4,400 1,159
Calves         
 708 lb 29,528 14,297 21,244 28,274 36,718 20,734 28,901 25,507 20,989
 650 lb 22,073 40,668 35,925 40,370 28,786 49,146 31,222 34,727 42,535
 592 lb 6,877 4,387 5,513 1,662 0 0 4,269 2,193 2,757
Total calves 58,478 59,352 62,682 70,305 65,504 69,880 64,392 62,428 66,281
Total revenue, $ 62,449 62,298 63,579 71,726 71,359 71,301 67,088 66,828 67,440
Revenue/cow, $ 624 623 636 717 714 713 671 668 674

Expenses, $         
Cow feed, 36 d 3,788 5,347 4,811 3,734 5,243 5,006 3,761 5,295 4,908
Expense/cow 37.9 53.4 48.1 37.3 52.4 50.1 37.6 52.9 49.1
Marginal net income, per cow, $ 587 570 588 680 661 663 633 615 625
MNI, percent of control,, % 100 97.1 98.9 100 97.2 97.5 100 97.2 98.7
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Effects of supplying protein to fi rst-calf beef heifers on forage 
intake, blood hormones and metabolites
J.L. Leupp, G.P. Lardy, J.S. Caton and M.L. Bauer

First-calf gestating heifers were supple-
mented with degradable intake protein 
(DIP) or undegradable intake protein 
(UIP) to evaluate effects of DIP and 
metabolizable protein (MP) sup-
ply on forage intake, hormones and 
metabolites. By design, total crude 
protein (CP) intake tended to increase 
with supplementation. Protein-supple-
mented heifers lost less weight than 
energy-supplemented heifers. Plasma 
urea-nitrogen (N) increased with UIP 
supplementation. Nonsupplemented 
heifers had increased plasma free fatty 
acid concentrations. Additional research 
is necessary to better understand DIP 
and UIP requirements of fi rst-calf beef 
heifers.

Summary
During the last third of gestation, 
35 fi rst-calf Angus, Simmental and 
Angus-crossbred heifers (1,157 ± 46 
pounds initial body weight) were used 
to evaluate effects of supplying DIP 
or UIP in diets based on low-quality 
grass hay (6.6 percent CP, dry-matter 
basis). Heifers were assigned to one of 
four treatments and fed individually in 
Calan gates. Treatments were: negative 
control, CON (no supplement); posi-
tive control, POS, (100 percent beet 
pulp, dry-matter basis); DIP (77.6 per-
cent beet pulp, 19.2 percent sunfl ower 
meal and 3.2 percent urea, DM basis); 
and UIP + DIP (UIP; 36.2 percent 
xylose-treated soybean meal, 30.8 per-
cent beet pulp, 15.9 percent sunfl ower 
meal, 14.5 percent dried distillers grain 
and 2.5 percent urea, DM basis).

Means were separated using contrasts: 
CON vs. supplements, POS vs. DIP + 
UIP and DIP vs. UIP. All supplements 
were balanced using the 1996 NRC 
Beef Cattle Nutrient Requirements 
computer model. No differences were 
observed for organic matter (OM), 
hay CP, neutral detergent fi ber (NDF) 
or acid detergent fi ber (ADF) intakes 
(P > 0.64). By design, total CP intake 
(0.080 vs. 0.055 ± 0.011 percent of 
body weight) tended to increase (P = 
0.06) in supplemented heifers, com-
pared with nonsupplemented heifers. 
Protein-supplemented heifers lost less 
(P = 0.03) weight than POS-supple-
mented heifers (– 85.4 vs. – 34.1 ± 21 
pounds, respectively). Treatment did 
not affect body condition score (P > 
0.15).

Serum triiodothyronine and thyroxin 
were similar (P > 0.61) across treat-
ments. Increased (P < 0.001) plasma 
urea-N was observed with supplement-
ed heifers compared with nonsupple-
mented heifers (3.51 vs. 2.30 ± 0.15 
mM), DIP and UIP compared with 
POS (4.05 vs. 2.42 ± 0.15 mM), and 
UIP compared with DIP (4.56 vs. 3.54 
± 0.15 mM). Plasma-free fatty acids 
decreased (724 vs. 987 ± 85 µEq/L; 
P = 0.01) with supplemented heifers, 
compared with nonsupplemented heif-
ers. Additional research is necessary to 
better understand DIP and UIP needs 
of fi rst-calf beef heifers.

Introduction
Protein supplementation for cattle 
consuming low-quality forages often is 
necessary to maintain desired livestock 
production levels. When forage quality 
is low, as in winter months, cattle pro-
ducers may seek alternative methods 
to provide supplemental protein for 
maintenance and production demands 
of forage-fed or grazing ruminants 
(Caton and Dhuyvetter, 1997). These 
requirements vary depending on stage 
of production (growth, lactation or 
maintenance; NRC, 1996). 

Dietary protein for ruminants can be 
divided into two forms, DIP and UIP 
(NRC, 1996). Cattle require DIP and 
UIP in their diet to meet needs of the 
microbial population and productive 
needs of the animal (NRC, 1996). 
Specifi cally, UIP is necessary to meet 

Department of Animal and Range Sciences
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MP requirements for growth (Klopfen-
stein, 1996). Patterson, et al., (2003) 
supplemented to meet the MP or 
CP requirements of pregnant heifers 
grazing range. Heifers fed to meet MP 
requirements were heavier than heifers 
supplemented to meet CP require-
ments, although body condition score 
(BCS) was not different. Treatment did 
not affect forage consumption in this 
study. Sletmoen-Olson, et al., (2000) 
evaluated the effects of supplementing 
cows with varying levels of UIP during 
late gestation when offered low-qual-
ity forage. Supplementation increased 
body weight (BW) when compared 
with nonsupplemental controls, but 
BW did not differ among levels of UIP 
supplied. 

Few studies are available on serum 
metabolic hormones and metabolites 
in gestating heifers supplemented UIP. 
Alderton, et al., (2000) supplemented 
DIP and UIP and reported thyroxin 
(T4) concentrations were not different 
between treatments, and serum urea-N 
concentrations were greater for heif-
ers supplemented DIP + UIP, com-
pared with DIP alone. Free fatty-acid 
concentration is an indicator of body 
fat mobilization (Erfl e, et al., 1974). 
Rusche, et al., (1993) reported no dif-
ferences in NEFA concentration when 
cattle were supplemented with UIP. 

Gestating beef heifers grazing during 
winter months may lack required levels 
of MP. Our objectives of this study 
were to determine effects of supple-
menting a combination of urea and 
sunfl ower meal as DIP sources or xy-
lose-treated soybean meal and distillers 
grain as UIP sources on DIP and MP 
supply of fi rst-calf heifers as measured 
by forage intake, serum hormones and 
metabolites.

Procedure
During the last third of gestation, 35 
fi rst-calf Angus, Simmental and Angus-
crossbred heifers were used to evaluate 
effects of supplying DIP and UIP in 
diets based on low-quality forage. All 
heifers were offered basal grass hay (6.6 
percent CP) ad libitum. Treatments 
consisted of a negative control, (CON; 
no supplement); positive control, 
(POS; 100 percent beet pulp, DM ba-
sis); DIP (77.6 percent beet pulp, 19.2 
percent sunfl ower meal and 3.2 percent 
urea, DM basis); and UIP + DIP (UIP; 
36.2 percent xylose-treated soybean 
meal, 30.8 percent beet pulp, 15.9 
percent sunfl ower meal, 14.5 percent 
dried distillers grain and 2.5 percent 
urea, DM basis). All treatments were 
balanced using the 1996 NRC Beef 
Cattle Nutrient Requirements com-
puter model. Positive control, DIP and 
UIP supplements provided similar net 
energy for maintenance or NEm, (0.54 
megacalories/pound0.75) and whole 
DIP and UIP supplements provided 
similar DIP (0.05 g/lb0.75). The UIP 
supplement provided 0.03 g/lb0.75 of 
UIP. Supplements were supplied based 
on metabolic body weight, which was 
measured every 14 days. All supple-
ments were fed prior to forage.  

Every 14 days, body weight (BW) was 
taken and body condition score (BCS; 
1 = emaciated, and 9 = obese; Rich-
ards, et al., 1986) assigned. Weekly orts 
were weighed, sampled (10 percent of 
total) and composited within animal 
throughout the trial to determine 
weekly forage intake. Jugular blood 
samples were taken every 14 days for 
analysis of hormone and metabolite 
concentrations. Two blood samples 
were collected, one for plasma for 
analysis of urea-N and free fatty acids, 
and the other for serum for analysis of 
triiodothyronine (T3) and T4. Samples 
then were transported to the NDSU 
Nutrition Laboratory, where plasma 
and serum were obtained by centrifu-
gation at 1,500 x g for 30 minutes and 
stored at minus 20 C until laboratory 
analysis. 

Results and Discussion
Analyzed composition of dietary 
ingredients is reported in Table 1. Hay 
and total (hay plus supplement) OM 
intakes were not different (P ≤ 0.89; 
Table 2) among treatments. This is 
similar to results reported by Patterson, 
et al., (2003) who fed supplements 
based on the MP or CP system to preg-
nant heifers grazing range. Contrary to 
these results, Sletmoen-Olson, et al., 
(2000) reported a decrease in forage 
OM intake when UIP was fed dur-
ing late gestation. No differences were 
observed for intake of hay CP, NDF or 
ADF (P ≤ 0.90). By design, total CP 
intake tended to increase (P = 0.06) in 
supplemented heifers, compared with 
CON.

All treatments lost BW during the trial; 
however, protein-supplemented heifers 
lost less (P = 0.03; Table 3) weight than 
POS-supplemented heifers, and DIP 
tended (P = 0.09) to lose less than UIP. 
The NRC model overestimated quality 
of the hay, and supplementation was 
insuffi cient to prevent mobilization of 
body stores. Treatment did not affect 
body condition score (P ≤ 0.22; Table 
3). This is similar to Sletmoen-Olson, 
et al., (2000), who fed UIP to cows 
consuming low-quality forage.

Serum T3 and T4 were similar (P ≤ 
0.77; data not shown) across treat-
ments. Concentrations of T3 were 
5.76, 6.46, 6.70 and 6.59 ± 0.55 

Table 1. Analyzed nutrient content 
of dietary components for fi rst-calf 
beef heifers (DM basis).

 Treatmenta

Item Hay POS DIP UIP

 - - - - - - - - - % - - - - - - - - -
Ash 12.8 7.4 6.7 6.9
CP 6.6 7.4 24.5 41.6
NDF 69.6 48.1 38.1 33.9
ADF 43.1 27.8 24.3 17.1
IVOMD 32.8 87.5 85.9 87.4

aPOS = beet pulp; DIP = beet pulp, sunfl ower 
meal and urea; UIP = xylose-treated soybean 
meal, beet pulp, sunfl ossunfl ower meal, dried 
distillers grain and urea. 



25

nanograms/milileter (ng/mL) for 
CON, POS, DIP and UIP, respectively. 
Concentrations of T4 were 352, 394, 
402 and 413 ± 45 ng/mL. Increased 
(P < 0.001) plasma urea-N (PUN) was 
observed with supplemented heifers, 

compared with CON, DIP and UIP 
compared with POS, and UIP com-
pared with DIP. Because urea-N levels 
are related to CP of the diet, the UIP 
treatment was expected to have higher 
concentrations.

Free fatty acids decreased with supple-
mented heifers, compared with CON 
heifers, which refl ected the nutritional 
status of the heifers. Free fatty-acid 
levels are correlated negatively with 
energy balance (Erfl e, et al., 1974). In 

Table 2. Effects of supplying DIP and UIP to fi rst-calf beef heifers on dry 
OM, CP, NDF and ADF intake (% BW basis). 

 Treatmenta Contrastb

       CON vs. POS vs. DIP
Item CON POS DIP UIP SEc P-valued supplements DIP+UIP vs. UIP

OM 
 Hay 0.92 1.01 1.08 1.00 0.15 0.89 0.51 0.88 0.71
 Total 0.92 1.11 1.17 1.09 0.15 0.64 0.24 0.89 0.65
CP
 Hay  0.055  0.060  0.067  0.060  0.011 0.89 0.56 0.80 0.67
 Total  0.055  0.067  0.075  0.097  0.011 0.07 0.06 0.16 0.16
NDF
 Hay 0.72 0.79 0.84 0.78 0.12 0.89 0.52 0.87 0.69
 Total 0.72 0.84 0.88 0.81 0.12 0.77 0.35 0.95 0.64
ADF
 Hay 0.43 0.48 0.51 0.47 0.07 0.90 0.53 0.85 0.70
 Total 0.43 0.50 0.54 0.49 0.07 0.77 0.36 0.92 0.62

aCON = no supplement; POS = beet pulp; DIP = beet pulp, sunfl ower meal, and urea; UIP = xylose-treated soybean meal, beet 
pulp, sunfl ower meal, distillers dried grain, and urea.
bCON vs. supplements = no supplement vs. all supplements; POS vs. DIP + UIP = positive supplement vs. degradable intake 
protein supplement + undegradable intake protein supplement; and DIP vs. UIP = degradable intake protein supplement vs. 
undegradable intake protein supplement.
cn = 9 observations for POS, DIP and UIP treatments; n = 8 observations for CON treatment.
dProbability value for the F-test of overall treatment.

Table 3. Effects of supplying DIP and UIP to fi rst-calf beef heifers on BW, BCS, 
serum hormones, plasma urea nitrogen and serum NEFA.

 Treatmenta Contrastb

       CON vs. DIP+UIP UIP vs. 
Item CON POS DIP UIP SEc P-valued supplements vs. POS DIP

BW, kg
 Initial 1137 1131 1118 1241 21 0.22 0.63 0.35 0.05
 Change -63.8 -83.6 -8.8 -57.2 9.5 0.04 0.55 0.03 0.09
 Final 1074 1047 1109 1184 21 0.16 0.44 0.05 0.21

BCS
 Initial 5.1 5.2 4.9 5.4 0.17 0.22 0.85 0.82 0.04
 Change -0.7 -1.0 -0.6 -0.8 0.15 0.15 0.78 0.04 0.48
 Final 4.4 4.2 4.3 4.6 0.15 0.16 0.94 7 0.11
PUN, mMe 2.3 2.42 3.54 4.56 0.15 <0.001 <0.001 <0.001 <0.001
NEFA, Eq/Lf 987 794 719 718 85 0.08 0.01 0.87 0.99

aCON = no supplement; POS = beet pulp; DIP = beet pulp, sunfl ower meal and urea; UIP = xylose-treated soybean meal, beet pulp, sunfl ower 
meal, distillers dried grain, and urea.
bCON vs. supplements = no supplement vs. all supplements; POS vs. DIP + UIP = positive supplement vs. degradable intake protein supplement 
+ undegradable intake protein supplement; and DIP vs. UIP = degradable intake protein supplement vs. undegradable intake protein supplement.
cn = 9 observations for POS, DIP and UIP treatments; n = 8 observations for CON treatment.
dProbability value for the F-test of overall treatment.
ePlasma urea nitrogen. Covariate used to describe pre-initiation of treatments (P < 0.001)
iFree fatty acids.
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this study, heifers likely were meeting 
their energy requirements through 
adipose mobilization, which was more 
pronounced in nonsupplemented 
heifers because they were on the lowest 
plane of nutrition, even though BW 
and BCS changes did not refl ect this.
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Effect of fi eld peas, chickpeas and lentils on rumen 
fermentation, digestion and microbial protein synthesis 
in receiving diets for beef cattle
T.C. Gilbery1, G.P. Lardy1, S.A Navarro1, M.L. Bauer1 and V.L. Anderson2

Pulse crop acres, particularly fi eld peas 
and lentils, have been expanding in the 
North Dakota. This study suggests pulse 
grains are a suitable substitute for corn 
and canola meal in receiving diets for 
beef cattle. 

Summary
Eight Holstein and eight Angus cross-
bred steers (1,122 ± 302 pounds initial 
body weight) fi tted with ruminal and 
duodenal cannulae were utilized in a 
completely randomized design to assess 
the effects of pulse grain inclusion in 
growing diets on intake, ruminal fer-
mentation and site of digestion. Pulse 
grains (fi eld peas, lentils or chickpeas) 
replaced corn and canola meal (CON) 
as the grain component in diets offered 
in unlimited amounts (ad libitum) as a 
total mixed ration (TMR). Treatments 
did not differ for dry-matter intake 
(DMI) (25.6 pounds, 2.32 percent 
of body weight; P = 0.63) or organic 
matter (OM) intake (P = 0.63). 

No treatment effects were observed 
when pulse grains replaced corn and 
canola meal for apparent ruminal 
(P = 0.10) and total tract OM diges-
tion (P = 0.40). Treatment also did 
not infl uence crude protein (CP) in-
take (P = 0.78), microbial CP fl ow (P 
= 0.46), total tract CP fl ow (P = 0.45) 
and microbial effi ciency (P = 0.18). 
Total tract acid detergent fi ber (ADF) 
(P = 0.004) and neutral detergent 
fi ber (NDF) (P = 0.04) digestion were 
greater with fi eld peas vs. CON. Rumi-
nal pH and ammonia (NH3) were not 
different (P > 0.15) among treatments. 
Due to the moderately high levels of 
protein and energy that pulse grains 
contain, they are viable alternative for 
replacement of protein supplements in 
receiving diets for beef cattle. 

Introduction
Pulse crop acres, particularly fi eld 
peas and lentils, have been expand-
ing in the northern Plains states and 
Canadian provinces. In 2004, North 
Dakota accounted for 31 percent and 
61 percent of all lentil and fi eld pea 
production (respectively) in the United 
States (NDASS, 2005). Field peas 
(Pisum sativum), lentils (Lens esculenta) 
and chickpeas (Cicer arietinum L.) are 
cool-season legumes well-adapted to 
the soil and climate of the northern 
Plains (Miller, et al., 2002) and are 
nutrient-dense feed grains (Reed, et al., 
2004) containing moderate levels of 
CP (22 percent to 29 percent, dry-
matter basis) and energy (87 percent 
total digestible nutrients for fi eld peas; 
NRC, 1988).

Peas have been incorporated into diets 
for sheep, dairy and beef with posi-
tive results (Corbett, et al., 1995; Loe, 
et al., 2000; Reed, et al., 2004). Data 
from previous beef research trials indi-
cate peas are very palatable (Corbett, 
1997) and improve the gain-to-feed 
ratio (G:F) in growing (Okine, 2001) 
and fi nishing diets (Birkelo, et al., 
2000; Flatt and Stanton, 2000). 

Procedures
Sixteen ruminally and duodenally 
cannulated steers (1,122 ± 302 pounds 
initial body weight) were used in a 
completely randomized design to eval-
uate effects of replacing a portion of 
corn and canola meal in growing diets 1Department of Animal and Range Sciences

2Carrington Research Extension Center
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with pulse grains (fi eld peas, chickpeas 
and lentils).

Steers were housed in an enclosed barn 
in individual stanchions (4-foot by 
7-foot.) on rubber mats that allowed 
for separation of urine and feces. Steers 
were fed diets in the form of a TMR 
at 7 a.m. and 7 p.m. daily and were al-
lowed free access to water. Diets (Table 
1) were offered to ensure ad libitum in-
takes and 10 percent feed refusal daily. 

Diets consisted of 50 percent grass 
hay (8.9  percent CP, 74.4 percent 
NDF, 44.8 percent ADF, 9.3 percent 
ash) chopped in a tub grinder to pass 
through a 1.5-inch screen, and a 41 
percent blend of dry rolled corn, 
canola meal or pulse grain, with 5 
percent sugar beet concentrated separa-
tor byproduct (CSB) and 4 percent 
supplement (DM basis; Table 1). 

Treatments consisted of (DM basis): 
1) control, based on corn and canola 
meal, 2) corn and chickpeas, 3) corn 
and fi eld peas and, 4) corn and lentils, 
with pulse grain replacing corn and 
canola meal in the concentrate mix-
ture. Pulse grains were processed (dry 
rolled) by roller mill. Diets were for-
mulated to contain a minimum of 12 
percent CP and calcium to phosphorus 
ratio of 2:1.  

Experimental length was 21 days, al-
lowing 14 days for adaptation to diet 
and seven days for sample collection. 
Feed refusal samples were measured 
to determine DMI. Total fecal output 
was measured to determine total tract 
digestion. Intestinal samples were taken 
during a four-day period to estimate 
nutrient fl ow. Ruminal fl uid samples 
were collected and analyzed for NH3, 
volatile fatty acid concentrations and 
pH. On day 21, ruminal evacuations 
were conducted to determine ruminal 
fi ll.  

Results
Treatment did not affect dry-matter 
intake (P = 0.63; 25.6 ± 2.1 pounds/
day). Similarly, no effects were ob-
served for post-ruminal or total tract 
OM digestion (P = 0.15 and 0.40, 
respectively). True ruminal and post-
ruminal CP digestion was lower (P = 
0.04 and 0.07, respectively; Table 2) 
for fi eld peas when compared with 
CON. Treatment did not affect total 
tract CP digestion (P = 0.45). By de-
sign, dietary nitrogen (N) was similar 
among treatments. Because CP intake 
and ruminally degradable protein 
(RDP) was similar among treatments, 
no treatment differences were expected 
for CP digestibility. Microbial ef-
fi ciency (g microbial N/kg truly OM 
fermented) was not different (P = 0.18; 
17.0 ± 1.2) with treatment of pulse 
grains and within expected ranges. 

Total tract NDF digestion (66.7 
percent vs. 61.8 percent; P = 0.02) and 
ADF digestion (65.1 percent vs. 58.9 
percent; P = 0.01) were greater when 
comparing fi eld pea with the CON 
treatment. Intake of NDF (P = 0.18) 
and ADF (P = 0.11) trended higher for 
pulse grains vs. CON. The combina-
tion of the greater NDF/ADF dietary 

content and intake levels observed 
on the fi eld pea treatment resulted in 
increased total tract fi ber digestion, 
compared with CON. The inclusion 
of chickpeas (P = 0.68 and 0.55) and 
lentils (P > 0.83 and 0.98), respective-
ly, did not affect total tract NDF/ADF 
digestion.

Ruminal pH (P = 0.18; 6.4 ± 0.08) 
was not different among treatments. 
The inclusion of pulse grain in receiv-
ing diets affected total volatile fatty 
acid (VFA) concentration, as fi eld pea 
(58.11 ± 2.63mM; P = 0.009) and 
lentil (53.42 ± 2.63mM; P < 0.001) 
diets had lower total VFA concentra-
tion than CON. Ruminal acetate 
concentrations for chickpeas (P = 
0.02; 58.83 vs. 63.61 mM), fi eld peas 
(P = 0.03; 60.47 vs. 63.61 mM) and 
lentils (P = 0.01; 60.07 vs. 63.61 mM) 
were lower than the CON treatment. 
Ruminal ammonia concentration 6.63 
± 0.71mM were not different among 
treatments. 

Implications
The data suggests pulse grains are a 
suitable substitute for corn and canola 
meal in receiving diets of for beef 
cattle. 

Table 1. Formulation of dietary treatments in pulse grain 
receiving diets (%, DM basis)  

 Treatmentsa 

Ingredient  Canola meal Chickpeas Field peas Lentils 

Grass hay 50.00 50.00 50.00 50.00 
Dry-rolled corn 32.00 17.50 20.50 24.75 
Canola meal 9.00 - - - 
Chickpeas - 23.50 - - 
Field peas - - 20.50 - 
Lentils - - - 16.25 
De-sugared beet molasses 5.04 5.04 5.04 5.04 
Soybean meal 0.40 0.40 0.40 0.40 
Limestone 1.72 1.72 1.72 1.72 
Di-calcium phosphate 1.07 1.07 1.07 1.07 
Salt 0.48 0.48 0.48 0.48 
Cr2O3 0.25 0.25 0.25 0.25 
Trace mineral premix  0.03 0.03 0.03 0.03 
Vitamin premix, (10:1) 0.01 0.01 0.01  0.01 

aLegume grain replaced canola meal and part of corn. 
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Table 2. Effect of pulse grain on OM and CP digestion in steers 

 Treatments Contrastsa

 Canola  Field   P-Value  Field
Item Meal Chickpeas peas Lentils SEMb Trt Chickpeas peas Lentils

OM digestion, % of intake 
 True ruminal 61.9 66.3 61.8 67.4 1.9 0.14 0.13 0.98 0.07
 Intestinal 16.2 12.3 16.7 6.5 3.3 0.15 0.42 0.92 0.05
 Total tract 64.7 65.6 65.1 61.9 1.6 0.40 0.70 0.86 0.24

CP digestion, % of intake 
 True ruminal  44.6 49.3 35.7 50.2 2.7 0.01 0.25 0.01 0.18
 Intestinal 57.9 54.8 73.6 47.9 5.5 0.04 0.70 0.07 0.22
 Total tract 55.3 54.9 53.5 49.9 2.5 0.45 0.92 0.64 0.16
 Microbial effi ciencyc 17.7 16.6 19.2 15.3 1.2 0.18 0.52 0.40 0.17

aProbabilities for contrasts, canola meal vs. grain legume (chickpeas, fi eld peas and lentils).  
bn = 4. 
cGrams microbial N per kg OM truly fermented. 
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Processing fi eld peas for feedlot rations, creep feed, 
and gestating beef cows
V.L. Anderson, J.P. Schoonmaker and B. Ilse

This study evaluated the need to process 
fi eld peas for feedlot rations, creep feed 
and gestating cow diets. Field peas were 
fed as ground, dry-rolled or whole in 
three different experiments. Feedlot 
cattle and creep-fed calves gained the 
fastest with dry-rolled peas vs. ground 
or whole. Peas fed to gestating beef cows 
tend to be better utilized if dry- rolled 
or ground, but the difference is not as 
distinct, and the cost for processing 
may offset the modest improvement in 
weight gain. 

Summary
Field peas (Pisum sativum L.) are a 
nutrient-dense — 24 percent crude 
protein (CP), 62 megacalories/pound 
(Mcal/lb) net energy gain (NEg)— and 
palatable grain legume. The supply of 
this new feed grain is increasing in the 
northern Plains. Three experiments 
were conducted to determine the ef-
fects of processing fi eld peas for beef 
cattle. Yearling feeder heifers (n=127), 
gestating cows (n=102) and nursing 
calf/cow pairs (n=111) each were used 
in one of three studies.

In each study, three fi eld pea processing 
treatments (and respective particles siz-
es) were used: ground with a hammer 
mill (700 microns), dry-rolled (3,100 
microns) and whole (9,250 microns). 
In a 112-day feedlot fi nishing study, 
fi eld peas were fed to yearling heifers 
at 27 percent of the diet dry matter 

Cow and calves in the creep-feeding study at NDSU Carrington Research 
Extension Center

in the corn-based ration. Dry-rolling 
improved dry-matter (DM) intake 
(P<0.03) and gain (P<0.04), compared 
with ground or whole peas, which were 
similar (P>0.10). Dry-matter intake av-
eraged 21.21 pounds/day for ground, 
22.80 pounds/day for dry-rolled and 
21.34 pounds/day for whole fi eld peas.

Feedlot heifers gained 3.11 pounds/day 
on ground, 3.40 pounds/day on dry-
rolled and 2.95 pounds/day on whole 
fi eld pea diets. No differences (P>0.10) 
in feed effi ciency were observed. 
Creep-fed calves (peas included at 40 
percent of the diet DM) tended to gain 
faster (P=0.10) with dry-rolled fi eld 
peas (3.31 pounds/day) versus ground 
(3.11 pounds/day) or whole (3.13 
pounds/day) in a 56-day trial.

In an 87-day study, gestating cows 
fed 20 percent fi eld peas in a wheat 
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straw-corn silage-based diet tended to 
gain faster when fed dry-rolled peas 
(P=0.13), compared with ground 
or whole fi eld peas. Daily gain aver-
aged 1.08, 1.28 and 1.15 pounds for 
ground, dry-rolled or whole peas, re-
spectively. Results suggest that process-
ing fi eld peas will improve performance 
in creep feed and feedlot rations, but 
less so for gestating beef cows. 

Introduction
North Dakota farmers planted 
530,000 acres of fi eld peas in 2005, 
with signifi cantly more acres expected 
in the future. North Dakota leads the 
United States in fi eld pea production. 
Field peas, also known as dry peas, are 
marketed as a dry, shelled product for 
human food or as livestock feed. Field 
peas are nutrient dense with approxi-
mately 24 percent crude protein, 48 
percent starch and 88 percent total 
digestible nutrients. The volume of 
peas available can provide beef produc-
ers with a nutrient-dense, high-quality, 
palatable protein and energy source for 
beef cattle. Three separate trials, which 
consisted of yearling feeder heifers 
(n=127), gestating cows (n=102) and 
cow/calf pairs (n=111), were conduct-
ed. Each of the three trials examined 
the effects of fi eld pea processing using 
ground, dry- rolled or whole peas. 

Materials and Methods
Processing treatments were: ground 
(hammer mill, ½-inch screen), dry-
rolled (single- stage roller mill) and 
whole fi eld peas. Particle size averaged 
700 microns for ground, 3,100 mi-
crons for dry-rolled and 9,250 microns 
for whole. Some of the whole peas 
were broken or split due to handling 
and long-term storage. Particle size was 
determined by pan-shaker method at 
the Northern Crops Institute in Fargo, 
N.D. 

All of the animals were housed and 
fed at the NDSU Carrington Research 
Extension Center in open dry-lot pens. 
Feed samples were taken weekly and 

composited for analysis of dry matter, 
crude protein and acid detergent fi ber. 
Each pen was equipped with automatic 
waterers and fenceline bunks.

A comprehensive vaccination program 
was administered and the health status 
of the cattle was monitored daily. Sick 
animals (temperature of 103.5 F or 
greater) were treated with one of two 
antibiotics according to label instruc-
tions. Treated animals were returned 
to their original pen and antibiotic 
therapy continued as necessary. Re-
search protocols regarding animal care 
were followed using the guidelines 
recommended in the “Guide for the 
Care and Use of Agricultural Animals 

in Agricultural Research and Teach-
ing,” and all projects were approved 
by the Institutional Animal Care and 
Use Committee for NDSU. Data were 
analyzed as randomized designs using 
the GLM procedures of SAS (Version 
8.0; SAS Inst. Inc., Cary, N.C.). The 
pen was the experimental unit in each 
trial.

Feedlot Heifer Study
The feedlot study was conducted using 
commercial feeder heifers (n=127, 
798.2 ± 11.4 pounds) allotted to 12 
identical pens with 10 or 11 head per 
pen and four pens per treatment. Feed 
was delivered as a totally-mixed ration 
(Table 1) once daily to appetite. Grow-

Table 1. Diet composition of growing and
fi nishing rations with fi eld peas.

Ingredients Growing Finishing

Corn, dry-rolled 40 48
Peas 28 27
De-sugared beet molasses 8 8
Native grass hay, ground 22 15
Limestone, ground 0.37 1.00
Rumensin-MGA Supplement 1.00 1.00

Diet Specifi cations  
Crude protein, % 13.55 13.63
NEg Mcal/cwt 52.5 56.5
Calcium% 0.67 0.51
Phosphorous% 0.36 0.38

Feedlot cattle in the research pens at the NDSU Carrington Research 
Extension Center
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ing rations (53 Mcal/lb DM) were fed 
for 28 days followed by fi nishing diets 
(62.5 Mcal/lb DM) for the duration of 
the study. Calves were weighed every 
28 days during the 112-day study. The 
supplement included the ionophore 
Rumensin® (Elanco Animal Health, 
Greenfi eld, Ind.) and additive MGA® 
(Pharmacia-UpJohn Co., Kalamazoo, 
Mich.) at 300 milligrams (mg) per 
head and 20 mg per head daily, respec-
tively. 

Cattle were slaughtered at Tyson Foods 
(Dakota City, Neb.) when fat thickness 
for the entire group was estimated at 
0.4 inch. Final live weight was deter-
mined by using hot carcass weight 
and an assumed dressing percentage 
of 61 percent. Hot carcass weight; fat 
thickness; percentage kidney, pelvic, 
and heart fat; rib eye muscle area; and 
USDA Quality and Yield Grades were 
determined by qualifi ed personnel 48 
hours after slaughter. 

Creep Feed Study
One hundred eleven cow/calf pairs 
were allotted by calf birth date, calf 
sex, weight (cow 1,129 ± 25.5 pounds; 
calf 394.9 ± 7.41 pounds) and breed 
composition to one of three pea-
supplemented diets with three pens or 
replicates per treatment for the 56-day 
study. Field peas were included in the 
creep ration at 40 percent dry matter 
(Table 2). Peas were fed as ground, 
rolled or whole with soyhulls as the 
other major ingredient in the mixed 
diets. The pelleted soyhulls were mixed 
with peas and fed in outside bunks 
in protected areas approximately 
three times weekly to allow intake to 
appetite. Calves were weighed at the 
initiation of the study, at day 28 and 
again at day 56, when calves were 
weaned. Feed intake was recorded by 
weigh period.  

Gestating Cow Study
One hundred spring-calving, mature, 
Red Angus-crossbred cows were allot-
ted by weight (1,301 ± 5.07 pounds), 
breed composition and age to one 

of six pens with two replicates per 
treatment for the 87-day late-gesta-
tion feeding study. Cows were fed 35 
pounds (as fed)/head of a totally mixed 
ration once daily (Table 3). Straw bales 
were fed in round bale feeders free 
choice. All cows were determined to be 
pregnant prior to initiation of the trial.

Table 2. Creep-feed ration for 
nursing calves fed fi eld peas.

Ingredients % DM basis

Soyhulls, pelleted 50
Peas 40
Alfalfa hay, ground 10

Diet Specifi cations 
Crude protein, % 16.5
NEm Mcal/cwt 81.2
NEg Mcal/cwt 51.6
Calcium, % 0.46
Phosphorous, % 0.33

Table 3. Diet compositi\on for 
gestating beef cows fed fi eld peas.   

Ingredients % DM basis

Corn silage 45.95
Wheat straw 32.00
Field peas 20.00
Limestone, ground 1.05
Mineral supplement 1.00

Diet Specifi cations 
Crude protein, % 9.70
NEm Mcal/cwt 64.40
NEg Mcal/cwt 33.70
Calcium, % 0.49
Phosphourus, % 0.38

Results

Feedlot
Feedlot heifers fed a corn-based diet 
that included dry-rolled peas con-
sumed the most feed, gained weight 
the fastest and were fattest at slaughter. 
Heifers fed dry-rolled peas ate 22.81 
pounds/head/day for the entire feed-
ing period (Table 4), compared with 
cattle fed ground or whole peas that 
consumed 21.21 and 21.33 pounds, 
respectively. Average daily gain (ADG) 
showed the greatest response from 
rolled peas (3.39 pounds/head/day) for 
the entire feeding period, compared 
with ground (3.21 pounds) or whole 
(2.96 pounds). Feed effi ciency (FE) ex-
pressed as feed per gain or gain per feed 
was not different among treatments. 
Hot carcass weight (HCW) (P=.013) 
and yield grade (YG) (P=0.10) showed 
the greatest response due to treatment 
with higher values for the dry-rolled 
pea treatment.

Creep Feed
Calf weights and dry-matter intake 
(DMI) did not differ due to treat-
ment (P>0.82), (Table 5). However, 
ADG tended to be greater (P=.10) for 
dry-rolled peas than ground or whole 
peas. Feed effi ciency was not different, 
although the reader must consider that 
calves had access to other feeds, such as 
milk, grass or the cows’ forage ration. 

Table 4. Performance of feedlot heifers fed fi eld peas.

Item Ground Rolled  Whole St Error P Value

Number of head 42 41 43 -- --
Initial wt, lb - July 22, 2004 799.2 802.3 802.9 10.91 0.96
Final wt, lb- Nov. 11, 2004 1117.2 1148.2 1105.2 14.86 0.13
Dry-matter intake, lb 21.21a 22.81b 21.33a 0.38 0.04
Average daily gain, lb 3.12ab 3.39a 2.96b 0.08 0.01
Effi ciency (Gain) 0.146 0.148 0.139 0.003 0.16

Carcass Data
Hot carcass weight, lbs 681.8 700.4 674.2 9.06 0.13
Fat thickness, cm 1.22 1.24 1.14 0.51 0.29
Rib eye area, sq in 12.12 112.16 12.28 .15 076
Kidney, pelvic, heart fat, % 2.29 2.33 2.29 0.04 0.74
Yield grade 2.84 2.93 2.68 0.082 0.10
Marbling score 431 459 450 11.97 0.27
Percent choice 72 85 69 0.06 0.21

a,bValues with different superscripts are signifi cantly different P<.05.
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Gestating Cows
Gestating cow weights did not dif-
fer among the treatments (P> 0.85) 
during the three- month study (Table 
6). Average daily gain tended to be 
greater (P=.13) for dry-rolled peas 
(1.27 pounds), followed by whole peas 
(1.15 pounds) and lowest for ground 
peas (1.07 pounds). Cows were fed the 
same amount per head in the bunk 
and had access to straw free choice, so 
evaluating feed effi ciency is diffi cult. 
Birth weights were not different due to 
treatment. 

Discussion and 
Implications
Field peas need to be processed by dry 
rolling to be most effective as a protein 
supplement in diets for feedlot cattle 
and creep-fed calves. The statistical 
analysis is not as confi dent for gestating 
cows. The cost to process peas must be 
considered, with highly variable costs 
incurred for on-farm roller milling vs. 
custom processing off-farm. Gestat-
ing cows had a numeric increase in 
weight gain with processed peas, but 
cud-chewing of the forage diets appears 

to be a satisfactory processing method. 
Improved rebreeding, calf health or 
other economic attributes are the 
best indicators to determine the true 
economic advantage of processing peas 
for beef cows.

When fi eld peas are processed by dry 
rolling, and to a lesser extent grinding, 
a lighter, fl uffi er hull fraction accumu-
lates at the edges of the bin, while the 
heavier endosperm fraction is pulled 
off the bottom of a hopper bin fi rst. 
This separation of pea grain compo-
nents will add variation to rations, 
especially when the holding bin is 
emptied and a large amount of the re-
maining lighter hull fraction is augered 
into the feed wagon. 

The protein in peas is highly degrad-
able in the rumen, but at a slower pace 
than most other rumen-degradable 
protein sources. The slow and steady 
release of nitrogen is benefi cial for mi-
crobial growth, stable rumen environ-
ment and increased feed effi ciency. 

Previous studies show fi eld peas are an 
excellent source of protein and energy 
for beef cattle. Processing costs, source, 
quality and price are all factors in the 
use of any feedstuff. Field peas appear 
to be an economical and nutrient-
dense feed in any sector of the beef 
cattle industry.

Table 5. Performance of calves fed creep feed with fi eld peas.

Item Ground Rolled Whole St Error P Value

Number of Pairs 36 36 37 -- --
Birth wt, lb 97.8 97.3 95.8 2.10 0.76
Initial wt, lb - Aug. 5, 2004 397.1 393.3 394.1 8.30 0.95
Final wt, lb - Sept. 30, 2004 571.0 578.7 569.4 10.80 0.82
Average daily gain, lb 3.11a 3.31b 3.13a 0.07 0.10
Dry-matter intake, lb 6.81 6.87 6.95 0.20 0.89
Gain/feed .456  .481  .450  0.14 0.23

a,bValues with different superscripts are signifi cantly different P<.05.

Table 6. Performance of gestating beef cows fed fi eld peas. 

Item Ground Rolled  Whole St Error P Value

Number of head 33 34 33 -- --
Cow age, years 4.26 4.23 3.91 .60 .75
Initial wt, lb - Dec. 6, 2004 1300.8 1302.8 1300.1 24.8 0.99
Final wt, lb - March 3, 2005 1394 1413.2 1398.8 25.2 0.85
Average daily gain, lb 1.07 1.27 1.15 0.15 0.13
Birth weight, lb 107.9 100.3 106.5 3.00 0.31
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Effect of corn density on growing steer 
intake and performance 
D.M. Larson, M.L. Bauer and G.P. Lardy

The objective of this study was to evalu-
ate the effect of low corn density result-
ing from insuffi cient growing degree 
days on the intake and performance of 
growing steers. Increasing inclusion of 
low-density corn did not affect dry-mat-
ter intake (DMI), average daily gain 
(ADG) or dietary net energy gain NEg, 
but the feed-to-gain ratio (F:G) was 
improved. Low-density corn is a suit-
able alternative to regular-density corn 
in a growing diet. 

Introduction
Insuffi cient growing degree days is a 
major impediment to corn production 
in the northern Great Plains. Market 
price is based on U.S. No. 2 corn, 
which has a requirement of 54 pounds/
bushel (USDA, 1996). Corn that does 
not qualify for U.S. No. 2 grade may 
incur discounts. A study was con-
ducted to evaluate the effect of reduced 
corn density in a fi nishing diet. Low-
density corn typically is discounted 
in the marketplace and may be more 
economical for livestock production 
provided performance is not negatively 
impacted.

Early research in lambs indicated 
total digestible nutrients (TDN) and 
digestible energy (DE) decreased with 
decreasing corn density as low as 35 
pounds/bushel (Thornton, et al., 
1969). Subsequent research indicated 
bushel weight had no effect on crude 
protein content of corn (Dale, 1994). 
A study in growing and fi nishing hogs 
reported corn with densities of 40 
pounds/bushel, 45 pounds/bushel, 50 
pounds/bushel and 55 pounds/bushel 
had no effect on ADG or the gain-to-
feed ratio (G:F) (Johnson, 1995).

Little research has been conducted 
on low-density corn in cattle diets. 
However, Weichenthal, et al. (1998), 
conducted a growing study compar-
ing corn that averaged 56.2 pounds/
bushel and 46.8 pounds/bushel. In the 
growing study, DMI, ADG and G:F 
all were similar. Corn with a density 
less than 54 pounds/bushel appears to 

be a suitable alternative to U.S. No. 
2 corn. However, limited data exists 
in growing and fi nishing beef cattle, 
especially with regard to corn, which is 
low density due to insuffi cient growing 
degree days.

Corn of three different densities was 
obtained from a local producer in fall 
2004. Corn with a density of 54.5 
pounds/bushel and 39.1 pounds/
bushel were fed to 59 growing steers. 
Steers were housed at the Animal 
Nutrition and Physiology Center on 
the NDSU campus and individually 
fed using a Calan Broadbent feeding 
system (American Calan, Northwood, 
N.H.). Dry-matter intake and ADG 
were not affected by treatment. The 
F:G increased with increasing low-
density corn inclusion. Dietary NEg 
also increased with increasing low-
density corn inclusion. We conclude 
that low-density corn is a suitable 
alternative for U.S. No. 2 corn in a 
growing diet. 

Materials and Methods
Sixty crossbred and purebred beef 
steers were stratifi ed by initial weight 
(633 ± 24 pounds) and assigned 
randomly to one of four dietary 
treatments. The treatments consisted 
of low-density, 39.1 pounds/bushel 
corn — 11.3 percent crude protein 
(CP), 26.7 percent neutral detergent 
fi ber (NDF), 6.9 percent acid detergent 
fi ber (ADF) — replacing 0 percent, 
33 percent, 67 percent or 100 percent 
of high-density corn (56.0 pounds/

Department of Animal and Range Sciences



35

bushel) in the diet. The diet dry matter 
(DM) was composed of dry-rolled corn 
(42 percent), corn silage (35 percent), 
mixed hay (15 percent), concentrated 
separator byproduct (5 percent) and 
supplement (3 percent) that provided 
25 grams/ton Rumesin (DM basis). 
The diets were formulated to provide a 
minimum of 0.6 percent calcium (Ca) 
and 0.3 percent phosphorus (P), and 
provide 13 percent CP. 

The steers were fed individually once 
daily, using a Calan Broadbent feeding 
system. The steers were trained to use 
the system for approximately 28 days 
prior to the beginning of the project. 
Body weight was measured for three 
consecutive days at the beginning and 
end of the study to compute an average 
and interim body weight (BW) was 
measured every 28 days. Individual 
feed offered was recorded daily and 
individual feed refusal was recorded 
weekly. Weekly feedstuff samples were 
collected to determine diet DM and 
analyze nutrient composition. Calves 
were implanted with Synovex S on day 
0 and were fed for 96 days. Data were 
analyzed with the Mixed model of SAS 
with linear and quadratic contrasts of 
low-density level (P ≤ 0.05). In addi-
tion, G:F was analyzed with PROC 
REG of SAS to determine the effect of 
low-density inclusion (P ≤ 0.05).

Results
The effect of low-density corn inclu-
sion on gain, DMI, gain effi ciency 
and dietary net energy are presented 
in Table 1. Low-density corn inclu-
sion did not affect fi nal BW (1,002 ± 
29 pounds; P = 0.58) and ADG (3.84 
± 0.13 pounds/day; P = 0.49). Daily 
DMI (22.16 ± 0.66 pounds/day; 
P = 0.24) was not different among 
treatments, nor was DMI as a per-
centage of average BW (2.73 ± 0.08 
percent, P = 0.12). Increasing the level 
of low-density corn inclusion improved 
F:G (P = 0.03). Dietary NEg also 
increased as the level of low-density 
corn increased in the diet (P = 0.02). 

This data agrees with that of Weichen-
thal, et al. (1998), where they found 
no effect of 47 pounds/bushel corn on 
DMI, ADG or F:G, compared with 56 
pounds/bushel corn.

However, no research is available to 
indicate the NEg value of low-density 
corn in a growing ration. Previous 
research (Birkelo, et al., 1994) indicates 
low-density inclusion in fi nishing diets 
increases NEg; however, in a compan-
ion study (Larson, et al., 2006), we 
found decreasing corn density resulted 
in decreased NEg in fi nishing diets.

Here we demonstrated the opposite 
effect in a growing ration. We hypoth-
esize this may be due, in part, to less 
inhibition of ruminal fi ber fermenta-
tion due to the decrease of starch con-
tent in the lighter test-weight corn. In 
a fi nishing diet, ruminal fi ber fermen-
tation likely is insuffi cient for fi ber to 
provide energy for growth; however, in 
a 50 percent roughage growing ration, 
ruminal fi ber fermentation provides 
a signifi cant portion of dietary NEg. 
Increasing starch in the rumen has a 
negative impact on fi ber utilization; 
therefore, in a diet where fi ber provides 
a major portion of NEg, decreasing 
starch content could improve NEg.

Implications
Corn production in the northern Great 
Plains is subject to cool growing sea-
sons, which will result in a reduction 
of growing degree days and subsequent 
decrease in density and starch content 
of corn grown under these conditions. 

These data indicate increasing inclu-
sion of low-density corn has no effect 
on DMI or ADG in a 50 percent con-
centrate diet. However, F:G and NEg 
were improved with increasing low-
density corn inclusion. Therefore, we 
can conclude that low-density corn is 
an excellent substitute for high-density 
corn in a growing diet for beef cattle. 
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Table 1. Effect of low-density corn inclusion on gain, 
DMI, gain effi ciency and net energy.

 LD 0 LD 33 LD 67 LD 100
 HD 100 HD 67 HD 33 HD 0 SEMa Lin P

Steers 15 14 15 15  
Final weight, lb 999 992 996 1021 29 0.58
ADG, lb/d 3.81 3.84 3.77 3.95 0.13 0.49
DMI, lb/d 22.95 22.00 21.85 21.85 0.66 0.24
DMI, % of BW 2.83 2.73 2.70 2.66 0.08 0.12
F:G 6.07 5.78 5.81 5.57 0.17 0.03
Dietary NEg,Mcal/cwt 51.26 53.52 54.0 56.70 1.36 0.02

aStandard error of the mean, n = 14.
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Survey of cattle backgrounding and fi nishing 
feedlots in North Dakota
T. Rime1, G. Lardy1, K. Maddock-Carlin1, K. Odde1, W. Eide2

This survey was conducted to evaluate 
North Dakota’s supply of fed cattle and 
potential for expansion, and elucidate 
the management practices and 
marketing strategies of North Dakota 
feedlot operators. The results of this 
survey indicate an interest in expansion 
of feedlot cattle and feeding cattle for 
the natural beef market.

Introduction
The North Dakota beef industry pri-
marily consists of cow-calf production 
and “farmer-feeder” feedlot operations. 
North Dakota has 11,000 beef cattle 
producers and ranks 13th in the na-
tion for total beef cow numbers, with 
947,000 head. However, North Dakota 
has only 60,000 head on feed and 
183 feedlot operations with a capacity 
greater than 500 head, ranking 23rd in 
the nation (USDA National Agricul-
tural Statistics Service, 2005).

The cattle feeding industry in North 
Dakota differs greatly from that of the 
southern Plains region. Most North 
Dakota feedlot operators have fewer 
than 5,000 head on feed and rely on a 
local supply for feed inputs. In addi-
tion, the region does not have a large-
scale slaughter facility (1,000 head per 
day or greater). As a result, feedlots are 
at a competitive disadvantage when 
marketing their cattle.  

 The objective of this survey was to 
evaluate the state’s supply of fed cattle 
and potential to supply additional 
fed cattle. Furthermore, the survey 
results will provide data regarding the 
management practices and marketing 
strategies that North Dakota feedlot 
operators use. 

Methods
The NDSU Institution Review Board 
reviewed and approved all procedures 
and methodology related to the survey 
instrument before the survey was 
conducted.

A feedlot operator was defi ned as any 
beef cattle backgrounding or fi nish-
ing operation that had the capacity to 
feed at least 500 head. A list of feedlot 
operators was compiled from various 
existing lists obtained from the North 
Dakota State University Animal and 
Range Sciences Department, North 
Dakota Department of Agriculture, 
North Dakota Department of Health 
and North Dakota Stockmen’s Associa-
tion. 

Survey
A three-page questionnaire was admin-
istered to 148 beef cattle background-
ers and fi nishers in North Dakota via 
face-to-face interviews in spring 2005. 
However, only 130 of these question-
naires were used in the data analysis 
because some of the feedlots no longer 
were in the business of feeding cattle. 

The date the survey was administered 
and the county where the feedlot is 
located were included on all of the sur-
veys, but no names or other identifying 
information were collected. Feedlot 
operators were asked various questions 
to help evaluate the state’s supply of fed 
cattle and potential to supply addi-
tional fed cattle. In particular, opera-
tors were asked questions pertaining 
to current and potential capacities, 
characteristics of the cattle being fed, 
general management practices, feed-
ing practices and marketing strategies. 
As well, operators were asked for their 
interest in a “natural beef” program. 1Department of Animal and Range Sciences

2North Dakota Agricultural Innovation 
Center
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Statistics
All responses were kept confi dential 
and were reported only as aggregated 
data. Frequency distributions were 
generated for questions about the main 
concentrate; main forage; ID system 
and number of growth implants; and 
questions that pertained to whether 
operators custom fed, wanted to 
expand, were interested in a “natural” 
beef program or where limited by 
working capital, and how they ob-
tained their working capital. All collec-
tive county, district and state data were 
generated by using the SUM equation 
in Microsoft Excel. Means, minimums 
and maximums were generated for all 
remaining questions using the PROC 
MEANS option in SAS (Cary, N.C.). 

Results and Discussion

General description  
From the 130 reported feedlots, North 
Dakota had 99,385 cattle on feed in 
spring 2005. During this time, the 
average inventory per feedlot was 771 
head. North Dakota feedlot opera-
tors indicated they feed 240,420 head 
annually, with the state’s one-time 
feedlot capacity being 188,693 head. 
The average feedlot capacity was 1,452 
head. The largest capacity reported by 
one feedlot was 10,000 head, and the 
greatest number of cattle fed annually 
was 18,000 head. Sixty-fi ve percent of 
the cattle inventory was backgrounded, 
while only 37 percent of the cattle 
inventory was fi nished (Table 1). 
Forty-one percent of this inventory 
was steers (Table 1).

County and district distribution
Surveys were completed from 39 
counties. To protect confi dentiality of 
participating feedlots, no county data is 
presented in this paper. Data has been 
aggregated from the North Dakota 
Agricultural Statistics Service reporting 
regions for the purposes of this report. 
The southeast district had the most 
surveys completed. According to the 
surveys, more than 50 percent of the 
feedlot capacity, more than 50 percent 
of the cattle in the spring 2005 inven-
tory and more than 50 percent of the 
number of head fed annually were in 
the southern portion of the state. The 
southeast district reported the great-
est inventory, with 30 percent of the 
spring 2005 total, while the northwest 
district had the lowest. The southwest 
district had 24 percent of the feedlot 
capacity and 27 percent of cattle fed 
annually, which was the greatest of any 
region in the state. The northwest dis-
trict had the lowest reported numbers 
for both feedlot capacity (2,880 head) 
and cattle fed annually (5,660 head). 

Cattle characteristics
Feedlot operators reported 59 percent 
of cattle backgrounded and fi nished 
in North Dakota were Angus-based. 
Other British-based breeds accounted 
for 17 percent and Continental-based 
breeds accounted for 23 percent of 
the cattle. Only 2 percent of cattle 
backgrounded and fi nished were dairy 
or dairy crossbreds. Most cattle were 

purchased at local auction barns (40 
percent) or were raised by the feedlot 
operator (36 percent). 

General management
Most feedlot operators (69 percent) 
used ear tags as their primary source of 
identifi cation. Forty-seven percent of 
operators did not use growth implants. 
This was surprising since, on a na-
tional basis, 89.5 percent of feedlots 
with fewer than 8,000 head capacity 
implanted at least some of the cattle 
(NAHMS, 1999b). 

The estimated death loss for feedlots in 
North Dakota was 1.3 percent, which 
is the same as the national average 
(NAHMS, 1999a). The reported 
range for death loss was 0 percent to 
5 percent. Feedlot operators also indi-
cated 51 percent of their fed cattle 
were source verifi ed. 

Marketing methods
Cattle in North Dakota were marketed 
through various methods. In addition, 
strong seasonal trends affected when 
cattle were marketed.  Twenty-six per-
cent of the cattle were sold through the 
local auction barn, while 32 percent 
were contracted with a slaughter plant. 
Cattle primarily were marketed in 
the fi rst (36 percent) and second (31 
percent) quarter of the year, which may 
be expected due to the large numbers 
of spring-born calves available for 
backgrounding or fi nishing in the state. 

Table 1. Description of cattle on feed 
in North Dakota.

 Percent

Percent of feedlot inventory1 
that are steers 41 

Percent of fed cattle that are 
backgrounded 64 

Percent of fed cattle that are fi nished 36 

1Data refl ects spring 2005

Table 2. North Dakota’s district and state annual 
inventory, feedlot capacity and number of cattle fed.

 Current Feedlot Number of
 Inventory Capacity head fed
District (head) (head) annually

Northwest 2,880 6,000 5,660
Northeast 9,478 13,200 23,100
North Central 4,710 13,200 11,400
Southwest 18,825 45,700 64,300
South Central 5,067 18,980 15,000
Central 10,829 19,079 25,620
Southeast 28,449 36,785 51,390
East Central 4,772 8,150 9,300
West Central 14,375 27,599 34,650

State total 99,385 188,693 240,420



38 2005 Beef Cattle Report

Sixty-seven percent of the slaughter 
cattle were sold on a live (cash) basis, 
while only 24 percent were marketed 
on a grid. Producers indicated 64 per-
cent of their cattle graded Choice. 

Feed 
Seventy-eight percent of feed inputs for 
feedlot operations were home-raised 
and processed, while only 2 percent 
was purchased and processed commer-
cially. Forty-seven percent of feed-
lots reported using corn as the main 
concentrate feed ingredient. Silage was 
used predominately as the main forage 
(40 percent).

Custom feeding
Feedlot operators reported 54 percent 
of cattle were custom fed. Collec-
tively, North Dakota feedlot operators 
custom fed 47,741 head that were 
being backgrounded and 35,775 head 
that were being fi nished. On average, 
feedlots custom fed 880 backgrounded 
cattle and 688 fi nished cattle. Of those 
cattle that were custom fed, 92 percent 
of them were fed using a daily yard-
age and feed arrangement. No feedlots 
reported charging a markup on feed 
ingredients. 

Expansion
Fifty-nine percent of producers indi-
cated an interest in expanding their 
feedlots, which would add 81,548 head 
to the state’s feedlot capacity. Feedlot 
operators, on average, wanted to add 
1,699 head to their current operations. 
Of those who answered “yes,” the 
lowest added capacity was 200 and the 
greatest was 13,000 head.

Natural beef program
Fifty-eight percent of operators re-
sponded they would be interested in 
implementing a “natural beef” pro-
gram. Of those who were interested, 
most stated they would need a 14 
percent price increase to raise a “natural 
beef” product. 

Implications
North Dakota feedlots appear to be in-
terested in expanding their feeding ca-
pacity. However, the location of North 
Dakota relative to major slaughter 
facilities has affected the development 
of the state’s feeding industry negative-
ly. Without a nearby slaughter facil-
ity, many feedlot operators in North 
Dakota primarily background cattle 
and fi nish relatively few cattle. By 
increasing the slaughter facilities in the 
area, many operators may be willing to 
increase their capacity. Furthermore, 
the implementation of a marketing 
program such as “natural beef” or an 
increase in the availability of working 
capital to operators may aid further in 
the development of the state’s back-
grounding and fi nishing industry.
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Effect of corn density on fi nishing-steer intake, 
performance and carcass characteristics 
D.M. Larson, M.L. Bauer and G.P. Lardy

The objective of this study was to 
evaluate the effect of low corn density 
resulting from insuffi cient growing 
degree days on the intake, performance 
and carcass characteristics of fi nishing 
steers. Decreasing corn density increased 
dry-matter intake (DMI) and the 
feed-to-gain ratio (F:G), and decreased 
dietary net energy gain (NEg). Low-
density corn is a suitable alternative to 
regular-density corn in a fi nishing diet 
if producers make proper adjustments 
for lower energy content.

Introduction
Insuffi cient growing degree days is a 
major impediment to corn production 
in the northern Great Plains. Market 
price is based on U.S. No. 2 corn, 
which has a requirement of 54 pounds/
bushel (USDA, 1996). Corn that does 
not qualify for U.S. No. 2 grade may 
incur discounts. A study was con-
ducted to evaluate the effect of reduced 
corn density in a fi nishing diet. Low-
density corn typically is discounted 
in the marketplace and may be more 
economical for livestock production, 
provided it does not infl uence perfor-
mance negatively.

Early research in lambs indicated 
total digestible nutrients (TDN) and 
digestible energy (DE) decreased with 
decreasing corn density as low as 35 
pounds/bushel (Thornton, et al., 
1969). Subsequent research indi-
cated bushel weight had no effect on 
crude protein content of corn (Dale, 
1994). A study with grow/fi nish swine 
reported corn with densities of 40 
pounds/bushel, 45 pounds/bushel, 50 
pounds/bushel and 55 pounds/bushel 
had no effect on average daily gain 
(ADG) or gain-to-feed ratio (G:F) 
(Johnson, 1995).

Researchers at South Dakota State 
University evaluated the effect of corn 
density on net energy (NE) content 
of diets using 53.8 or 40.8 pounds/
bushel weight corn (Birkelo, et al., 
1994). They found dietary NEg was 15 
percent greater for the diet containing 

low-density (40.8 pounds/bushel) corn, 
compared with high-density (53.8 
pounds/bushel) corn. They concluded 
that low density is not inherently lower 
in NE than high density corn. 

Little production research has been 
conducted on low-density corn in 
cattle diets. However, Weichenthal, et 
al., (1998) conducted two growing and 
fi nishing studies in which corn densi-
ties averaged 56.2 pounds/bushel and 
46.8 pounds/bushel. In the growing 
and fi nishing studies, DMI, ADG and 
G:F all were similar between the two 
test weights. In the fi nishing study, 
calves fed high-density corn had lighter 
hot carcass weight (HCW), compared 
with the calves fed low- density corn. 
All other carcass measures were similar. 
Corn with a density less than 54 
pounds/bushel appears to be a suitable 
alternative to U.S. No.2 corn. How-
ever, limited data exists in growing and 
fi nishing beef cattle.

Corn of various densities was obtained 
from two local producers. Corn with 
a density of 53.7 pounds/bushel, 46.9 
pounds/bushel and 39.1 pounds/bush-
el were fed to 144 fi nishing steers. Dry- 
matter intake increased linearly with 
decreasing corn density. Similarly, F:G 
decreased with decreasing corn density. 
Dietary NEg decreased with decreasing 
corn density as well. However, overall 
ADG was not affected by treatment, 
and neither was fi nal weight. We 
conclude that low- density corn is a 
suitable alternative for U.S. No. 2 corn. 

Department of Animal and Range Sciences
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Material and Methods
One-hundred forty-four crossbred 
steers were housed at the NDSU 
animal research center in concrete-
fl oored pens (six head/pen). The steers 
were blocked by initial weight (985 ± 
44 pounds) and assigned randomly to 
one of three dietary treatments. Treat-
ments were 1) high- density corn, 53.7 
pounds/bushel — 9.4 percent crude 
protein (CP), 21.6 percent neutral 
detergent fi ber (NDF), 5.9 percent 
acid detergent fi ber (ADF); 2) medi-
um-density corn, 46.9 pounds/bushel 
- 10.5 percent CP, 22.5 percent NDF, 
5.7 ADF; and 3) low-density corn, 
39.1 pounds/bushel - 11.3 percent CP, 
26.7 percent NDF, 6.9 percent ADF, 
fed in a total mixed ration. Diet dry 
matter (DM) was composed of dry-
rolled corn (81 percent), beet pulp 
(5 percent), mixed grass/legume hay 
(5 percent), concentrated separator by-
product (5 percent) and a supplement 
that provided 25 grams/ton Rumensin 
and 10 grams/ton Tylan (4 percent). 
The diets were formulated to provide 
a minimum of 0.70 percent calcium 
(Ca) and 0.28 percent phosphorus (P), 
and provide 13.5 percent CP.

Initial weight was an average of weight 
on three consecutive days. Subsequent-
ly, weight was measured every 28 days. 
Final weight was computed from hot 
carcass weight using a common dress-
ing percentage of 62.5 percent and 
a common shrink of 4 percent. Feed 
offered was recorded daily and feed 
refusal was recorded weekly. Weekly 
feedstuff samples were collected to 
determine diet DM and to analyze 
nutrient composition. Calves were 
implanted with Revalor S on day 0. 
Carcass data was collected at slaughter. 
Data were analyzed with the Mixed 
model of SAS with linear and quadratic 
contrasts (P  0.05).

Results
The effects of corn density on intake, 
performance and net energy are shown 
in Table 1. Final weight (1,347 ± 26 
pounds; P = 0.93) and ADG (4.73 ± 
0.11 pounds/day; P = 0.86) were not 
affected by treatment. Decreasing corn 
density linearly increased DMI (P = 
0.02) and F:G (P = 0.04). This data is 
in contrast to that of Weichenthal, et 
al. (1998), who found no difference 
between 47 pounds/bushel corn and 
56 pounds/bushel corn with respect to 
DMI or feed effi ciency. The low-den-
sity corn in their study was 47 pounds/
bushel, whereas the low-density corn 
in our study was as low as 39 pounds/
bushel, indicating there may be a level 
below which effi ciency drops that is 
between 47 and 39 pounds/bushel. 
Dietary NEg decreased with decreas-
ing corn density (P = 0.04). This data 
disagrees with Birkelo, et al. (1994), 
who found a fi nishing diet containing 
41 pounds/bushel corn had greater 
NEg than did the diets containing 
high-denisty corn.

The effects of corn density on carcass 
characteristics are presented in Table 

2. Hot carcass weight (808.3 ± 15.7 
pounds; P = 0.93); 12th-rib fat (0.45 
± 0.03 inch; P = 0.47); kidney, pelvic, 
heart fat (KPH) (1.96 ± 0.13 percent; 
P = 0.16); and marbling score (407 
± 17; P = 0.61) were not different 
between treatments. However decreas-
ing corn density resulted in a linear 
decrease in longisimus area (P = 0.05) 
and a linear increase in yield grade with 
decreasing corn density (P = 0.03). 
This also differs from Weichenthal, et 
al. (1998), who found that, although 
calves consuming the 47 pounds/bush-
el diet had greater hot carcass weight, 
all other carcass characteristics were 
similar.

Once again, our differences may be 
due to having a greater range of corn 
densities. The 39 pounds/bushel 
corn used in the study may represent 
a density where there is a detectable 
deviation from regular-density corn in 
fi nishing diets in beef cattle.

The observation that low-density 
corn increases DMI and reduces F:G 
initially indicates low-density corn may 
not be a suitable alternative to high-
density corn. However, low-density 

Table 1.Effect of corn density on intake, performance and net energy.

 HD MD LD SEMa Lin P

Pens 9 9 6  
Steers 54 54 36  

Final BW, lb 1344 1351 1345 26 0.93
ADG, lb/d 4.74 4.74 4.72 0.11 0.86
DMI, lb 25.3 26.3 27.4 0.75 0.02
Dietary NEg, Mcal/cwt 71.23 68.49 65.32 2.27 0.04
F:G 5.35 5.55 5.83 0.17 0.04

aStandard error of the mean, n = 6. 

Table 2. Effect of corn density on carcass characteristics.

 HD MD LD SEMa Lin P

Hot carcass weight, lb 807 811 807 16 0.93
Marblingb 403 424 395 17 0.61
Ribeye area, in2 13.45 13.49 12.75 0.27 0.05
12th-rib fat, in 0.43 0.46 0.45 0.03 0.47
KPH, % 1.90 1.90 2.07 0.13 0.16
Yield grade 2.73 2.80 3.04 0.14 0.03

aStandard error of the mean, n = 6. 
b300 = slight0, 400 = small0
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corn typically is less costly to feed than 
high-density corn. Feedlot operators 
must take care to evaluate the cost of 
low-density corn relative to the F:G 
ration, but low-density corn appears to 
be a suitable feedstuff.  

Implications
Corn production in the northern 
Great Plains is subject to cool growing 
seasons, which result in a reduction of 
growing degree days and subsequent 
decrease in the density and starch con-
tent of corn grown under these condi-
tions. These data indicate decreasing 
corn density increases DMI and F:G. 
ADG did not decrease, however. Yield 
grade was greater with decreasing corn 
density and this is due to a reduction 
of longissimus muscle area (LMA) in 
those calves fed the medium-density 
and low-density diets.

Medium- and low-density corn may 
not appear to be suitable substitutes for 
high-density corn. However, low-den-
sity corn typically is less costly than 
high-density corn; therefore, beef cattle 
feedlot operators should evaluate the 
cost of corn of varying bushel weights 
in light of potential negative impacts 
on feed effi ciency. They must take 
care to evaluate the cost reduction of 
low-density corn versus the increase in 
DMI and F:G. Low-density corn may 
be a suitable alternative for high-den-
sity corn in a fi nishing diet when low-
density corn is available at a discount 
to high-density corn.
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Discovering value in North Dakota calves: 
The Dakota Feeder Calf Show Feedout Project IV
Progress Report Year 2004-2005
Karl Hoppe

North Dakota cattle producers want 
to understand the feeding and car-
cass value of their calves. The Dakota 
Feeder Calf Show Feedout project was 
developed to discover the actual value 
of spring-born beef steer calves, and 
provide comparisons between herds and 
benchmark feeding performance. Cattle 
consigned to the feedout project aver-
aged 613.5 pounds on delivery to the 
Carrington Research Extension Center 
Livestock Unit on Oct. 16, 2004. After 
an average 211-day feeding period with 
3.09 percent death loss, cattle averaged 
1,308.66 pounds (at plant, shrunk 
weight). Average daily feed intake per 
head, as fed, was 29.25 pounds, while 
the calves required 9.44 pounds of feed 
per pound of gain on an as-fed basis. 
Diet dry matter was 72.8 percent. The 
pen-of-three calves were an average of 
409 days old at harvest. Overall pen 
average daily gain was 3.32 pounds. 
Feed cost was 30.7 cents per pound and 
total cost of gain without interest was 
47.6 cents. The cattle were marketed 
during a 67-day period, and marbling 
scores averaged 425.9 (low choice). 
Profi t before interest expense ranged 
from $242.33 per head for pen-of-three 
cattle with superior growth and carcass 
traits to a loss of $9.66 per head for 
poorer performance. Participation in 
a feed-out project can help producers 
determine the feeding and carcass value 
of spring-born calves.

Introduction
Determining calf value is a continu-
ing experience for cow-calf producers. 
To remain competitive with other 
livestock and poultry in the meat 
industry, cow-calf producers need to 
identify superior genetics. At the time 
of bull selection, a producer also must 
estimate the type of animal buyers 
will desire 1½ to two years before sale. 
Marketplace premiums are provided 
for calves that have exceptional feedlot 
performance and produce a high-
quality carcass. In addition, producers 
need superior cost-effective feeding 
performance to justify the expense 
of feeding cattle past weaning. Since 
North Dakota feeds are low cost and 
the climate is favorable, producers can 
realize low feeding cost per pound 
of gain (Hoppe, et al.). This feedlot 
project was supported to provide cattle 
producers with an understanding of 
cattle genetics and cattle feeding in 
North Dakota. 

Materials and Methods
The Dakota Feeder Calf Show was 
developed for cattle producers will-
ing to consign steer calves to a show 
and feed-out contest. The calves were 
received in groups of three or four 
on Oct. 16, 2004, at the Turtle Lake 
Weighing Station for weighing, tag-
ging, processing and showing. The 
calves were evaluated for conformity 

and uniformity, and the judges dis-
cussed the evaluation results with the 
calves’ owners at the beginning of the 
feed-out. 

The calves then were shipped to the 
NDSU Carrington Research Exten-
sion Center for feeding. Upon arrival, 
calves were treated with prophylaxis 
tilmicosin. Calves then were sorted 
and placed on a receiving trial com-
paring increasing levels (0 percent, 15 
percent, 30 percent or 45 percent) of 
soybean hulls to replace corn in a 70 
percent grain diet. On Dec. 8, 2004, 
calves were moved to a corn-based 80 
percent grain diet. Cattle were weighed 
periodically and reports were provided 
to the owners.

An open house was held Feb. 11, 2005, 
at the NDSU Carrington Research 
Extension Center Livestock Unit, 
where the owners reviewed the calves 
and discussed marketing conditions. 
The calves underwent an ultrasound 
for back fat and marbling on March 
18, 2005, and were sorted into market 
groups based on back fat, marbling 
and live weight. The sorting criteria 
used were based on U.S. Department 
of Agriculture Yield Grade 3 Choice 
cattle with a carcass weight less than 
950 pounds. 

The fi rst market group of cattle (11 
head) was harvested March 29, 2005. 
The second sell group (77 head) was 
harvested May 12, 2005. The third sell 
group (42 head) was harvested May 
25, 2005, and the last sell group (27 
head) was harvested June 4, 2005. The 

North Dakota State University Extension 
Service, Carrington
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cattle were sold to Tyson Fresh Meats, 
Dakota City, Neb., on a grid basis with 
premiums and discounts. Carcass data 
were collected after harvest.  

Ranking in the pen-of-three com-
petition was based on the best score 
obtained. Overall score was determined 
by adding the index score for weight 
per day of age (20 percent of score), 
average daily gain on test (20 percent 
of score), marbling score (20 percent of 
score) and retail product value divided 
by weight per day of age (40 percent 
of score). The Dakota Feeder Calf 
Show provided cash awards for the 
top placing pens of steers.

Results and Discussion
Cattle consigned to the Dakota Feeder 
Calf Show Feedout project averaged 
613.5 pounds on delivery to the Car-
rington Research Extension Center 
Livestock Unit on Oct. 16, 2004. After 
an average 211-day feeding period, 
cattle averaged 1,308.6 pounds (at 
plant, shrunk weight). Death loss was 
3.09 percent, with death due to respi-
ratory distress (three), broken leg (one) 
and unknown cause (one). The early-
sell group (11 head) averaged 1,264.5 
pounds (shrunk) at harvest.  The 
second sell group (77 head) averaged 
1,367.2 pounds (shrunk) at harvest. 
The third sell group (42 head) averaged 
1,253.8 pounds (shrunk) at harvest, 
and the last sell group (27 head) 
averaged 1,244.8 pounds (shrunk) at 
harvest. Average daily feed intake per 
head was 29.25 pounds, as fed basis, 
and 21.3 pounds dry-matter basis. 
Pounds of feed required per pound of 
gain were 9.44, as-fed basis, and 6.87 
pounds dry-matter basis.

Overall feed cost per pound of gain 
was 30.7 cents. Overall yardage cost 
per pound of gain was 7.9 cents. The 
combined cost per pound of gain, 
including feed, yardage, veterinary, 
trucking and other expenses except 
interest, was 47.6 cents.

The number of cattle consigned was 
162, of which 129 competed in the 
pen-of-three contest. Cattle were 
implanted with Synovex Choice at 94 
days on feed.

The carcass characteristics were col-
lected and used in calculating indexes 
for scoring. The fi rst market group, 
harvested March 29, 2005, contained 
USDA Quality Grades at 45.2 per-
cent Choice or better (including 4.76 
percent Certifi ed Angus Beef ) and 
54.76 percent Select, and USDA Yield 
Grades at 7.14 percent YG1 , 42.86 
percent YG2 and 50 percent YG3. The 
second market group, harvested May 
12, 2005, contained USDA Qual-
ity Grades at 63.64 percent Choice 
(including 9.09 percent Certifi ed 
Angus Beef ), 27.27 percent Select and 
9.09 percent Standard, and USDA 
Yield Grades at 36.36 percent YG2 and 
63.64 percent YG3. The third mar-
ket group, harvested May 25, 2005, 
contained USDA Quality Grades at 
71.43 percent Choice (including 10.39 
percent Certifi ed Angus Beef ), 27.27 
percent Select and 1.3 percent Stan-
dard, and USDA Yield Grades at 2.6 
percent YG1, 50.65 percent YG2 and 
46.75 percent YG3. The last market 
group, harvested June 4, 2005, con-
tained USDA Quality Grades at 40.74 
percent Choice and 59.26 percent Se-
lect, and USDA Yield Grades at 22.22 
percent YG 1, 55.56 percent YG2 and 
22.22 percent YG3. 

Carcass value per hundredweight (cwt) 
was calculated by using the actual 
base carcass price plus premiums and 
discounts. Grid prices were: March 
29, 2005: $149.06 Choice YG3 base 
with premiums of CAB $4.64, YG1 
$6.50 and YG2 $2.50, and discounts 
of Select $-3.40 and YG4 $-15; May 
12, 2005: $151.13 Choice YG3 base 
with premiums of CAB $3.57, YG1 
$6.50 and YG2 $2.50, and discounts 
of Select $-14.05, Standard

$-16.35 and YG4 $-15; May 25, 2005: 
$147.79 Choice YG3 base with pre-
miums of CAB $4.76, YG1 $6.50 and 

YG2 $2.50, and discounts of Select 
$-14.80, Standard $-17.10 and YG4 $-
15; and June 4, 2005: $145.63 Choice 
YG3 base with premiums of CAB 
$2.66, YG1 $6.50 and YG2 $2.50, and 
discounts of Select $-14.44, Standard 
$-16.74 and YG4 $-15.

Retail product value was calculated 
as carcass weight, pound * percent 
retail product *(((carcass value per cwt 
/100)/retail product yield)/retail prod-
uct markup) where retail product yield 
= 0.65, and retail product markup = 
0.75. Percent retail product value was 
calculated as .0825 - (calculated yield 
grade * 0.05).

Results from the calves selected for the 
pen-of-three competition are listed 
in Table 1. Overall, the pen-of-three 
calves averaged 409 days of age and 
1,322 pounds per head at harvest. 
Overall pen-of-three average daily gain 
was 3.32 pounds, while weight per 
day of age was 3.23 pounds. Overall 
pen-of-three marbling score was 425.9, 
or 25.9 percent, into low choice/small 
marbling. Retail product value av-
eraged $1,734.16 per head. Retail 
product value divided by day of age 
averaged $4.24.

The highest combined index score per 
pen-of-three competition was 3.57. 
While the highest overall scoring pen 
did not place fi rst in average daily gain, 
weight per day of age, harvest weight 
or percent of retail product value 
divided by weight per day of age and 
profi t, the pen did rank fi rst for mar-
bling score at 607. Correlation between 
index score total and profi t was high (r 
= 0.9213). Correlations among profi t 
and average daily gain, weight per day 
of age, marbling score or percent of 
retail product value divided by weight 
per day of age are shown in Table 2.

Profi t or loss was calculated using 
initial calf price as price per pound, $ 
= 169.4306 – (0.074622 * initial calf 
weight). Profi t or loss accounted for 
initial calf price, feed, yardage, veteri-
nary, freight, brand inspection, beef 
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Table 2. Correlation between profi t and 
various production measures.

Correlation Coeffi cient

Profi t and Index Score 0.9213
Profi t and Average Birth Date -0.2696
Profi t and Average Harvest Weight 0.4835
Profi t and Average Daily Gain 0.6156
Profi t and Weight Per Day of Age 0.4950
Profi t and Marbling Score 0.6731
Profi t and Percent Retail Product Value Divided by Day of Age 0.8288

Table 1. Feeder Performance — 2004-2005 Dakota Feeder Calf Show Feedout

   Average Average Average  Ave Retail Ave Feeding
 Best Three  Average  Harvest   Daily Weight per  Marbling Profi t Value per Profi t or
Pen  Score Total  Birth Date Weight  Gain Day of Age  Score Day of Age  Loss / Head

 1 3.379  23-Feb-04 1265.9 3.395 2.94 607  $4.05   $203.99 
 2 3.244  13-Apr-04 1302.0 3.544 3.32 510  $4.69   $219.17 
 3 3.244  4-Apr-04 1323.0 3.376 3.26 587  $4.21   $174.42 
 4 3.237  16-Mar-04 1374.1 3.609 3.26 450  $4.57   $219.18 
 5 3.199  25-Apr-04 1404.3 3.699 3.69 497  $4.85   $242.33 
 6 3.196  17-Mar-04 1374.4 3.579 3.26 453  $4.44   $233.28 
 7 3.194  24-Mar-04 1451.3 3.652 3.51 417  $4.79   $204.60 
 8 3.162  24-Mar-04 1326.7 3.286 3.34 533  $4.38   $155.25 
 9 3.154  5-Apr-04 1308.5 3.132 3.20 490  $4.45   $174.47 
10 3.145  21-Mar-04 1292.2 3.303 3.22 497  $4.38   $161.82 
11 3.142  4-Mar-04 1469.9 3.461 3.39 403  $4.53   $159.74 
12 3.111  4-Apr-04 1394.9 3.638 3.46 437  $4.50   $190.36 
13 3.109  30-Mar-04 1354.7 3.016 3.29 423  $4.75   $192.36 
14 3.097  8-Mar-04 1400.8 3.686 3.21 383  $4.16   $142.72 
15 3.094  12-Mar-04 1312.9 3.007 3.05 493  $4.01   $134.16 
16 3.091  18-Mar-04 1305.8 3.370 3.23 473  $4.24   $159.76 
17 3.075  5-Apr-04 1358.0 3.310 3.31 457  $4.31   $159.68 
18 3.062  16-Mar-04 1283.1 3.186 3.00 413  $4.11   $148.16 
19 3.053  4-Apr-04 1350.6 3.472 3.35 440  $4.31   $140.37 
20 3.050  2-Apr-04 1352.7 3.483 3.34 417  $4.39   $197.86 
21 3.042  29-Apr-04 1248.8 3.259 3.18 463  $4.26   $139.75 
22 3.040  20-Apr-04 1324.7 3.485 3.36 463  $4.21   $181.01 
23 3.029  6-Apr-04 1293.8 3.215 3.16 407  $4.38   $148.78 
24 3.029  9-Apr-04 1341.4 3.324 3.39 447  $4.36   $160.73 
25 3.022  21-Mar-04 1278.0 3.189 2.98 423  $3.94   $129.11 
26 3.020  29-Apr-04 1342.6 3.390 3.44 423  $4.50   $139.22 
27 3.013  24-Mar-04 1222.6 3.258 3.06 457  $4.09   $126.73 
28 3.011  10-Mar-04 1409.2 3.434 3.30 373  $4.23   $126.67 
29 2.973  16-Mar-04 1400.3 3.464 3.29 340  $4.27   $104.66 
30 2.960  7-Apr-04 1398.8 3.425 3.45 353  $4.46   $123.01 
31 2.951  9-Apr-04 1463.2 3.790 3.68 373  $4.28   $ 95.71 
32 2.932  8-Apr-04 1347.6 3.378 3.29 377  $4.16   $ 90.52 
33 2.929  14-Apr-04 1224.8 2.878 2.95 413  $3.99   $ 86.99 
34 2.899  8-Apr-04 1247.6 3.301 3.06 380  $3.95   $ 55.96 
35 2.869  12-Apr-04 1286.6 3.157 3.19 403  $3.95   $ 56.97 
36 2.862  31-May-04 1177.5 3.267 3.25 403  $4.31   $121.10 
37 2.862  10-Mar-04 1398.6 3.375 3.33 290  $4.27   $ 90.31 
38 2.861  2-Apr-04 1268.2 3.031 3.04 393  $3.82   $ 70.80 
39 2.846  9-Apr-04 1257.7 2.984 3.06 367  $4.00   $ 77.45 
40 2.825  10-Apr-04 1312.3 3.213 3.13 367  $3.77   $ 37.14 
41 2.760  24-Apr-04 1258.5 3.087 3.15 350  $3.88   $ 26.71 
42 2.686  12-Apr-04 1240.3 2.891 3.06 333  $3.72   $(4.49)
43 2.637  21-Apr-04 1097.1 2.844 2.71 337  $3.35   $(9.66)
        
Average 3.025  2-Apr-04 1,322.0  3.322  3.236  425.969   $4.24   $134.62 

Standard 
Deviation 0.155 18.084 76.118 0.232 0.192 65.573  $  0.30   $60.81 

Count 43 43 43 43 43 43  43   43 
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check-off, ultrasound and carcass data 
collection costs. Interest costs on cattle 
or feeding expenses were not included 
in calculating profi t or loss. Final car-
cass value was assessed using the actual 
grid pricing for the harvest group.

Overall, cattle feeding provided an 
$84.40 profi t before interest was 
included. However, the top profi t pen-
of-three calves with superior genetics 
returned $242.33 per head, while 
bottom pen-of-three calves returned 
-$9.66 per head due to death loss.

Implications
Calf value is improved with superior 
carcass performance. Feedlot perfor-
mance also is important for increased 
weight gain and heavier carcass 
weights. Exceptional average daily 
gains, weight per day of age, marbling 
score and retail product value can be 
found in North Dakota beef herds. 
Feed-out projects provide a source of 
information for cattle producers to 
learn about genetics and discover cattle 
value.
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As the beef industry changes its focus 
from commodity marketing toward 
consumer-oriented marketed, interest in 
branded and natural beef products has 
increased nationwide. The results from 
this survey indicate consumers in the 
Fargo/Moorhead area are interested in a 
branded beef product labeled “Raised in 
North Dakota.” These consumers also 
showed an interest in purchasing beef 
products labeled “natural.” Consum-
ers, in general, indicated an increased 
willingness to pay a premium for both 
of these products.

Introduction
In the past six years, the demand for 
beef has increased by 25 percent. 
However, the industry still is recover-
ing from a nearly 20-year decline in 
demand (National Cattlemen’s Beef 
Association, 2005). 

The decrease in demand has caused the 
beef industry to start moving toward a 
more consumer-oriented marketing ap-
proach, instead of the traditional com-
modity-oriented marketing approach. 
The industry has realized the changes 
in consumer demand for a product 
may depend on a number of factors, 
including price, health and food safety 
concerns, convenience, quality and 
consistency (National Cattlemen’s Beef 
Association, 2005). 

Little information exists relative to 
preferences for a natural beef or other 
branded-beef product among con-
sumers in the northern Plains region. 
In cooperation with the NDSU 
Beef Systems Center for Excellence, 
Hornbacher’s Foods, a local supermar-
ket chain in Fargo, N.D., conducted 
a survey to identify grocery shoppers’ 
buying habits, gauge the demand for 
current beef products in North Dakota 
and estimate the demand for natural or 
source-branded beef products. 

Methods
The NDSU Institution Review Board 
reviewed and approved all procedures 
and methodology related to the survey 
instrument prior to the survey being 
conducted.

The survey consisted of three parts: 
1) demographic questions concerning 
age and income that were optional; 
2) questions pertaining to shopping 
habits, including frequency of grocery 
shopping, grocery shopping prefer-
ences and beef-buying habits; and 3) 
customer interest in a beef product that 
was labeled either “natural” or “raised 
in North Dakota.” 

Undergraduate students from North 
Dakota State University solicited beef 
customers in the stores and provided 
beef customers who completed the 
survey with a coupon for a fresh beef 
product. Four Hornbacher’s Foods 
stores (three in Fargo, N.D., and one 
in Moorhead, Minn.) were used. 

In an attempt to obtain a true cross 
section of Hornbacher’s shoppers, 
surveys were taken on every day of 
the week during a four-week period 
(March 21 – April 15, 2005) at high-
traffi c times (4 to 6 p.m. on weekdays 
and noon. to 2 p.m. on weekends). A 
total of 1,200 surveys (300 per store) 
were completed. 

Frequency distributions for all survey 
questions and their interactions with 
income and ages were generated using 
PROC FREQ in SAS (Cary, N.C.).

1The authors wish to thank the staff and 
management at Hornbacher’s Foods in Fargo 
for their assistance in conducting the survey.
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Results

Demographics of Fargo/
Moorhead beef customers
The Fargo/Moorhead beef customer 
age varied widely, with the 50- to 59-
year-old group making up the greatest 
percent of the total (23.45 percent). 
More than 34 percent of respondents 
had an annual household income 
between $25,000 and $50,000, a range 
that encompasses the median house-
hold income for North Dakota resi-
dents ($38,212; U.S. Census Bureau, 
2004). 

The female head of household was 
the primary grocery shopper in 69.1 
percent of the Fargo/Moorhead beef 
customers’ homes, which is similar 
to the national average of 69 percent 
(Food Marketing Association, 2005a). 
Only 5.38 percent of the customers in-
dicated both the male and female head 
of the household shared the role as the 
primary grocery shopper. 

Fargo/Moorhead beef customer 
beef consumption and purchases
More than 70 percent of Fargo/Moor-
head beef customers ate beef at least 
three times a week. Most customers 
indicated they ate beef three times a 
week (34.2 percent), which was greater 
than the national average of slightly 
less than two times per week (National 
Cattlemen’s Association, 2005).

More than 57 percent of Fargo/Moor-
head beef customers purchased beef 
once a week. Almost 5 percent indi-
cated they do not purchase beef on 
a weekly basis. Nearly 53 percent of 
the beef customers did not wait to 
purchase beef until it was on sale. In 
addition, more than two- thirds of the 
customers purchased less than 20 per-
cent of their beef at the Hornbacher’s 
service counter. 

Fargo/Moorhead beef 
customer interest in “raised 
in North Dakota” beef 
Branded products serve as a direct link 
to consumer preferences and made 
up 20 percent of the market in 2004 
(Ritchie, 2004). By having different at-
tributes, these brands are able to attract 
and satisfy different consumers. Before 
implementing this type of program in 
North Dakota, an assessment of poten-
tial consumer demand was needed.  

More than half of the Fargo/Moor-
head beef customers polled responded 
they would be inclined to purchase a 
beef product labeled “raised in North 
Dakota.” Greater than 71 percent of 
the customers were willing to pay a 5 
percent or greater premium in price 
for a “raised in North Dakota” beef 
product.

All age groups most frequently re-
sponded they probably would be 
interested in purchasing a “raised in 
North Dakota” beef product. Almost 
30 percent of those beef customers 
older than 70 were willing to pay a 10 
percent increase in price for the prod-
uct. Customers in the 20- to 29-year-
old and 50- to 59-year-old age groups 
most frequently answered they didn’t 
want to pay an increase in price for the 
product. 

Fargo/Moorhead beef customers in 
all of the annual household income 
brackets indicated they probably would 
purchase a product labeled “raised in 
North Dakota.” As well, customers in 
all income brackets, except for those 
in the less than $25,000 bracket, most 
frequently responded they were willing 
to pay greater than 5 percent increase 
in price for a product labeled “raised in 
North Dakota.” 

Fargo/Moorhead beef customer 
interest in “natural” beef
As American consumers take a greater 
interest in their health, the food 
industry has had to integrate more 
health-oriented options. In 2000, the 

Food Marketing Institute reported 87 
percent of consumers either were very 
or somewhat concerned with nutri-
tion. One of the most common ways 
consumers attempted to improve their 
nutrition was by purchasing “natural” 
products (Food Marketing Institute, 
2005b). 

Of those Fargo/Moorhead beef cus-
tomers polled, more than 30 percent 
indicated they probably would be 
interested in purchasing a “natural” 
beef product. Another 30.35 percent 
were unsure if they would purchase the 
product. Additionally, 61.88 percent of 
the customers responded they would 
be willing to pay a premium for the 
“natural” beef product. 

Those customers younger than 20 
indicated most often they probably 
would be inclined to purchase a beef 
product labeled “natural” (46.15 
percent). As well, this age group had 
the most responses that indicated they 
defi nitely would purchase the product 
(15.38 percent). Most customers in the 
50- to 59-year-old age group and those 
older than 70 responded they probably 
would not purchase a beef product 
labeled “natural.” The youngest and 
the 30- to 39-year-old age groups also 
were more inclined to pay a 5 percent 
increase in price for the product. 

Most annual household income brack-
ets, except the $50,001 to $75,000 
bracket, indicated more often they 
were unsure or probably would pur-
chase a beef product labeled “natural.” 
The $50,001 to $75,000 income 
bracket responded the most frequently 
they probably wouldn’t purchase the 
product (35.14 percent). Interest-
ingly, the lowest income bracket had 
the greatest percentage of customers 
who indicated they defi nitely would 
purchase a product labeled “natural” 
(12.64 percent). All income brackets 
had less interest in paying a premium 
for a “natural” product, as compared 
with the “raised in North Dakota” 
product. 
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Implications 
To create an even greater demand for 
beef, the North Dakota beef industry 
might explore options related to a 
branded-beef product that could have 
an infl uence on a consumer’s meat 
purchasing decisions. However, creat-
ing such a product can be costly due to 
added production and segregation re-
quirements, and decreased effi ciencies. 
These costs, however, may be overcome 
by the added value that consumers at-
tribute to the product (Lusk, 2001).
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Where do North Dakota feeder calves go 
once they’ve been marketed?
J.L. Leupp1, G.P. Lardy1, K.L. Haadem1, K.R. Maddock-Carlin1, W.W. Dvorak2, K.J. Froelich3, 
J.R. Kramlich4, G.L. Payne5, L.K. Hansen-Lardy1 and K.G. Odde1

Data were collected from three auction 
markets in North Dakota in October 
and November and again in January 
to determine the destination of feeder 
calves from these auction markets. 
The most popular destinations for 
North Dakota feeder cattle were North 
Dakota, South Dakota, Nebraska and 
Kansas.

Introduction
Factors infl uencing the price of beef 
calves sold in auction markets and 
video auctions have been investigated 
(King, et al., 1996; King and Seeger, 
2004; Corah, et al., 2006). Calves in 
value-added calf programs are sold at 
higher prices, compared with un-
weaned, unvaccinated calves. The price 
advantage for calves in value-added calf 
programs has been increasing in recent 
years. Additional factors infl uencing 
sale price in these studies were region 
of the country, sex, breed description, 
presence or absence of horns, weight 
variation, lot size, fl esh and frame 
score.

Little quantitative information exists 
on factors infl uencing price of North 
Dakota calves. Furthermore, the “fl ow” 
of calves (destination) sold in North 
Dakota auction markets has not been 
described, and the effect of destination 
on sale price also has not been mea-
sured.

The objective of this study was to 
determine the “fl ow” of calves (desti-
nation) from North Dakota auction 
markets and factors infl uencing sale 
price of calves. Calf destination will be 
described in this paper.

Methods
Data were collected from three auction 
markets in North Dakota (Napoleon 
Livestock, Napoleon; Kist Livestock, 
Mandan; Stockmen’s Livestock, Dick-
inson) in late October and November, 
when most calves sold were “off the 
cow.” Data were collected again from 
the same auction markets in Janu-
ary, when most calves sold had been 
through a backgrounding program. 
NDSU representatives were present at 
the sales and collected the following for 
each lot of calves sold: 1) lot number; 
2) lot size; 3) sex; 4) weight; 5) breed 
description; 6) health program; 7) 
vaccination, deworming products; 8) 
implant status; 9) natural qualifi ed; 
and 10) beef quality assurance (BQA) 
certifi cation. Destination of calves was 
determined from the brand records.

Results
Destinations of feeder calves sold in the 
fall (October, November) are shown 
in Figure 1. Data collected on 31,312 
feeder calves sold in the fall indicated 
they were shipped to 11 states, includ-
ing various locations in North Dakota. 
The majority of these feeder calves re-
mained in North Dakota (46 percent). 
South Dakota destinations accounted 
for 18 percent of the cattle, while 
Nebraska destinations accounted for14 
percent of the total. Iowa and Min-
nesota rounded out the top fi ve with 8 
percent and 5 percent, respectively. The 
remainder of the feeder calves were 
shipped to Illinois, Oklahoma, Kansas, 
Colorado, Wyoming and Montana.

1Department of Animal and Range Sciences
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4Logan County Extension Offi ce, Napoleon
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Figure 2 indicates the destination of 
cattle sold in the winter (January). A 
total of 29,907 feeder calves were in-
cluded in the data set during this time. 
Again, North Dakota destinations 
accounted for a majority of the cattle 
sold during this time, with 41 percent 
of the total. South Dakota accounted 
for 15 percent of the total, while 
Nebraska and Kansas were destinations 
for 12 percent and 10 percent, respec-
tively. The number of cattle shipped to 
Colorado increased from 2 percent in 
the fall to 7 percent in January. Mon-
tana destinations also increased from 1 
percent in the fall to 6 percent of the 
sales in the winter. 

The remaining data we collected is 
being analyzed. This should give us 
additional insight into the value of 
various health programs, vaccination 
protocols and other factors determin-
ing feeder calf value. 
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Figure 1. First destination following sale of North Dakota feeder calves sold 
at three auction markets in fall 2005.

Figure 1. First destination following sale of North Dakota feeder calves sold 
at three auction markets in winter 2005.



NDSU is an equal opportunity institution.
This publication will be made available in alternative formats for people with disabilities upon request, (701) 231-7881.


