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Drought and grazing intensity affect forage
production on mixed-grass prairie
Don Kirby1, Ryan Limb1, Edward DeKeyser1, Paul Nyren2 and Bob Patton2

Grazing intensity and simulated
drought were investigated on mixed-
grass prairie. Grazing intensity,
moderate or heavy, had little influence
on total herbaceous production.
One year of summer drought
had inconsistent effects on forage
production. However, mixed-grass
prairie subjected to two consecutive
years of summer drought yielded
significantly less forage. These results
have implications when evaluating
proper stocking rates of drought-
influenced mixed-grass prairie.

Summary
Simulated drought was superimposed
on a long-term moderate and heavy
grazing intensity trial on typical
mixed-grass prairie in south-central
North Dakota. Grazing intensity had
little effect on mixed-grass prairie
herbaceous production, but tended
to increase short-statured herbaceous
plants at a heavy grazing intensity.

Following a single summer drought
treatment, forage production results
were inconsistent between grazing
intensities. Consecutive summer
droughts reduced forage production
on both grazing intensity trials.
Seasonal timing of rainfall had a
significant impact on forage produc-
tion. Greater than average rainfall in
May and June of each year resulted
in greater forage production on both
grazing intensities of the natural
rainfall treatment. These results are
not surprising in a cool-season grass-
dominated mixed-grass prairie where
cool-season grasses complete the
majority of their seasonal growth
prior to July 1.

Introduction
Droughts are a common and recur-
ring climatic feature of the northern
Great Plains. With reference to plant
growth, drought conditions generally
are defined as a 25 percent deficit in
the average annual precipitation,
although timing of rainfall is equally
important. Considering the 100-year
period from 1903 to 2002 at Napo-
leon in south-central North Dakota,
15 years were at least 25 percent
below the long-term average precipita-
tion (18 inches), and back-to-back
drought years occurred four times
during this period (NOAA 2003).

Studies have been conducted on the
effects of drought on northern Great
Plains grasslands. However, most have
been reported on naturally occurring
drought events without controlled
conditions (Whitman, et al., 1943,
Biondini, et al., 1998). In this study,
automated rainout shelters were
constructed on long-term grazed sites
at the Central Grasslands Research
Extension Center near Streeter, N.D.
The objective of the study was to
evaluate forage production resulting
from drought, 30-year average and
natural rainfall treatments applied to
moderately and heavily grazed mixed-
grass prairie.

1Animal and Range Sciences Department
2Central Grasslands Research Extension
Center
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Procedures
The study was conducted on typical
mixed-grass prairie at the Central
Grasslands Research Extension Center
in 2003 and 2004. Precipitation
treatments were superimposed on a
long-term season-long grazing inten-
sity trial. Two grazing intensities,
moderate (MOD) and heavy (HVY),
were selected for study. Each grazing
intensity treatment was 32 acres in
size and replicated three times.
Yearling heifers (average initial weight
770 pounds) were grazed 119 days in
2003 and 113 days in 2004. Stocking
rates averaged 1 animal unit month
per acre (AUM/ac) and 2.8 AUM/ac
for the MOD and HVY grazing
intensities, respectively.

Automated rainout shelters were
installed on silty range sites in each
replicate of both grazing intensities
(12 total shelters). The shelters were
10 feet by 20 feet, on rails, and
equipped with electric motors to
cover and uncover treatment plots
at the beginning and end of natural
rainfall events. The rainfall treatments
studied consisted of 100 percent of
the long-term average growing season
rainfall (AVG), 75 percent of the 30-
year average (DRT) and the natural
rainfall received (NAT) during the
growing season. When necessary, drip
irrigation was applied at two-week
intervals to ensure that proper
precipitation levels were received
on each treatment.

Prior to grazing, portable grazing
exclosures were located under the
rainout shelters to prevent livestock
grazing. At peak forage production
between mid-July and early August
each year, six 4-inch by 4-inch
quadrats were clipped at each shelter.
Vegetation was divided into grass
species, sedges, forbs and shrubs,
then oven dried and weighed. Treat-
ments were analyzed using a two-way
analysis of variance and Tukey’s mean
separation test.

Results
The 30-year average growing season
rainfall (May to September) for the
study site is 13 inches. In 2003, the
NAT treatment received 13.3 inches
of rainfall, of which 9.5 inches fell in
May and June (Figure 1). The DRT
treatment received 9.5 inches (73
percent of the 30-year average) of
rainfall, while the AVG treatment
received 13.1 inches (101 percent) of
rainfall. The NAT treatment in 2004
received 17.6 inches of rainfall (135
percent of the 30-year average), and
again a large percentage was received
in May and June (9 inches) (Figure 2).
The DRT and AVG treatments
received 9.6 (74 percent) and 12.9
(99 percent) inches of rainfall, of

which 5.2 inches fell in May on both
treatments. An early heavy rain event
occurred in 2004 prior to activating
the rainout shelters for the season.

A moderate grazing intensity main-
tained for 15 years resulted in a mid-
stature grass-dominated prairie with
Kentucky bluegrass (Poa pratensis)
comprising an average of 56 percent
of the total herbaceous production
(Figure 3). Under the moderate
grazing intensity, Kentucky bluegrass
yield was less (P#0.05) on the DRT
treatment, compared with the NAT
rainfall treatment each year. Following
two years of drought, Kentucky
bluegrass yield was significantly less
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Figure 1. Growing season rainfall (inches) in 2003 for the months of May to
September on the Central Grasslands Research Extension Center.

Figure 2. Growing season rainfall (inches) in 2004 for the months of May to
September on the Central Grasslands Research Extension Center.
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(P#0.05) in the DRT treatment than
the AVG rainfall treatment.

Sedges (Carex spp.), short-stature,
grasslike plants, comprised only
2 percent of the total herbaceous
production under the moderate
grazing intensity, and did not differ
(P$0.05) between the treatments or
years. Total herbaceous production
under the moderate grazing intensity
was less (P#0.05) on the DRT
treatment in 2003, compared with the
NAT rainfall treatment. However, in
2004 the DRT rainfall treatment
yielded less (P#0.05) herbaceous

production than either the AVG or
NAT rainfall treatments. In addition,
a significant decrease (P#0.05) in
total herbaceous production occurred
between years on the DRT rainfall
treatment (Figure 3).

Following 15 years of heavy grazing
intensity, a mid- and short-stature
grass and grasslike co-dominated
prairie resulted (Figure 4). Kentucky
bluegrass comprised an average of
46 percent of the total herbaceous
production, with sedges yielding an
average of 6 percent of the total yield.
In 2003, sedge yield was less (P#0.05)

on the DRT rainfall treatment,
compared with the NAT, while in
2004 Kentucky bluegrass yield was
less (P#0.05) on the DRT rainfall
treatment, compared with the NAT
treatment.

Total herbaceous production in 2003
was similar between rainfall treat-
ments, but in 2004 the DRT treat-
ment yielded less (P#0.05) forage than
the AVG or NAT rainfall treatments
(Figure 4). In addition, total herba-
ceous production decreased (P#0.05)
between 2003 and 2004 on the DRT
and NAT rainfall treatments.

Discussion
The primary objective of the study
was to evaluate the effects of a
growing season drought, May to
September, on herbaceous forage
production of moderately and heavily
grazed mixed-grass prairie. Due to
circumstances, a summer-late summer
drought was simulated and evaluated.

Prior to study initiation in 2003,
ample rainfall was received on the
study site and presumably stored
in the soil. This soil moisture then
was available for the spring growth
needs of the cool-season grasses that
dominated the study site. In 2004,
an early heavy rainfall of more than
5 inches occurred on the study site
prior to the activation of the rainout
shelters for the season. Due to this
event, ample spring moisture again
was available for growth of cool-
season grasses that dominated the
study site.

Grazing intensity appeared to have
little effect on the total herbaceous
forage production under the NAT
and AVG rainfall treatments. These
finding are in agreement with
Biondini and Manske (1996) and
Biondini, et al. (1998) on similar
northern mixed-grass prairie. The
MOD grazing intensity tended to
have more Kentucky bluegrass and

Figure 3. Forage production (pounds/acre) on moderately stocked mixed-
grass prairie subjected to drought, average and natural growing season
rainfall. Means with different letters within years (a, b) and between years
(x, y) differ (P< 0.05).

Figure 4. Forage production (pounds/acre) on heavily stocked mixed-grass
prairie subjected to drought, average and natural growing season rainfall.
Means with different letters within years (a, b) and between years (x, y) differ
(P< 0.05).
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less sedge yields, compared with the
HVY. The DRT treatment reduced
total herbaceous forage production,
compared with the NAT treatment on
the MOD grazing intensity in both
2003 and 2004, but only in 2004 on
the HVY intensity.

A greater decrease in total forage
production following consecutive
drought treatments was evident on the
HVY grazing intensity (56 percent)
than on the MOD grazing intensity
(38 percent). Considering the variabil-
ity in seasonal and annual northern
Great Plains climatic conditions,
these results would imply that annual
forage production, hence stocking
rate, would be less stable under heavy
grazing intensities.

Growing season rainfall significantly
affected herbaceous forage production
of grazed mixed-grass prairie, which
is in agreement with Biondini, et al.
(1998). Under a moderate grazing
intensity, total herbaceous yields were
reduced one year after drought and
severely reduced in the second year
of drought. Reduction in total
herbaceous production under a heavy
grazing intensity was evident only in
the second year of drought, but the
reduction was greater in magnitude
(56 percent), compared with the
moderate grazing intensity forage
reduction (38 percent). Post-drought
effects on forage production on these
sites will continue to be monitored
for recovery and stocking rate
implications.

Total growing season rainfall is the
most obvious factor influencing forage
production, yet seasonal timing of
rainfall may be of equal importance
(Heitschmidt, et al., 1999). In this
study, seasonal timing of rainfall had a
significant impact on forage produc-
tion. Despite receiving the long-term
average rainfall during the growing
season (13.3 inches), the NAT rainfall

treatment produced the most forage
in 2003 on both grazing intensities.

In 2003, the NAT treatment received
9.5 inches of rainfall in May and
June, compared with 4.5 to 6 inches
in the DRT and AVG treatments,
which coincides with the peak growth
period for cool-season grass and
grasslike plants that are dominant
in the northern mixed-grass prairie.
Similarly, 9 inches of rain fell in May
and June 2004 on the NAT treatment,
which again resulted in this treatment
producing the greatest amount of
forage on both grazing intensities.

Conclusions
1) This study confirms that grazing
intensity is secondary to climatic
inputs for controlling herbaceous
forage production in the northern
mixed-grass prairie. Increasing
grazing intensity did tend to shift a
mid-stature cool-season herbaceous-
dominated prairie toward a mid-
stature, short-stature co-dominant
cool-season herbaceous prairie.

2) Subjected to a single summer
growing season drought, forage
production on mixed-grass prairie
was not reduced consistently under
moderate and heavy grazing intensity.
Two consecutive summer droughts
reduced forage production on both
grazing intensities, with the heavy
intensity (56 percent) more severely
reduced than the moderate grazing
intensity (38 percent).

3) Seasonal timing of rainfall had a
significant impact on forage produc-
tion. Above-average May and June
rainfall each year resulted in greater
forage production on both grazing
intensities in the natural rainfall
treatment. Peak growth of cool-season
herbaceous plants, which dominate
the northern mixed-grass prairies, are
completed by July 1; therefore, the
above-average rainfall received in May
and June was ideal for cool-season
herbaceous growth.
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Estrous synchronization, pregnancy rates and fetal age
distribution utilizing a CIDR with cows bred by natural service
Kim Vonnahme1, Greg Lardy1, Ken Odde1, Gary Siverson2, Walt Hagar2,
Jim Clement3 and G. Cliff Lamb4

1NDSU Department of Animal and Range
Sciences
2Hagar Ranch, McIntosh, S.D.
3Clement Cow-Calf Consulting,
Mandan, N.D.
4University of Minnesota

Objectives of this research were to
determine the influence of using an
EAZI-BREEDTM CIDR® Cattle
Insert (Pfizer, Exton, Pa.) on
pregnancy rates of beef females
and fetal age distribution in a
natural service scenario. This study
suggests that utilizing CIDRs in a
bull-breeding system may be beneficial
to increase the number of calves
born in the first 10 days of the
calving season.

Introduction
Beef cows in the western United
States typically are maintained under
range conditions and bred utilizing
natural service. While estrous syn-
chronization schemes often are used
in association with artificial insemina-
tion, modifications to traditional
protocols can fit a natural service
management system. Efforts are
underway to develop protocols that
minimize labor and cost while still
providing a fertile, closely synchro-
nized estrus in a high percentage of
cows. As a result, a producer could
shorten both the breeding and calving
seasons while decreasing expenditures
and producing heavier, more uniform
calves at weaning.

The CIDR, an intravaginal device
containing progesterone, has been
approved for use in beef cows in the
United States. While shown to be
effective in artificial insemination
programs, use of CIDRs in natural
mating scenarios to synchronize estrus
has not been established. A multistate
project is underway to 1) determine
the effect of the CIDR on overall
pregnancy rates in a natural service
herd, and 2) determine whether a
CIDR alters the average calving date
and calving distribution in a natural
service herd. This report outlines
the results from NDSU participation
in the project.

Procedures
A herd of 551 suckled postpartum
beef cows near McIntosh, S.D., were
utilized in this study. Cows were
distributed in seven pastures. From
June 23-25, 2004, the days postpar-
tum (DPP), body condition score
(BCS) and age of cows within an
individual pasture were determined.
Within each pasture, cows were
allocated randomly to receive either a
CIDR for seven days (CIDR group)
or not receive a CIDR (control
group). After seven days, CIDRs were
removed and cows were exposed to
bulls for natural service (25 cows/
bull). From September 27-29, 2004,
transrectal ultrasonography deter-
mined pregnancy and a trained
veterinarian determined fetal age by
measuring the fetal skull diameter.

Statistical analyses were performed
using PROC GLM procedures of SAS
(Cary, N.C.). Means separation was
performed using LSMEANS. Pasture
had no effect on DPP, BCS or cow
age, so all data were combined. Class
statements included CIDR treatment
groups. Model statements included
the effects of CIDR on day of
pregnancy.
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Results
A total of 276 cows received a CIDR,
while the control group had 275 cows.
DPP (58.7 ± 0.5 days), age (5.3 ± 0.1
years) or BCS (6.2 ± 0.1) did not
differ within a pasture or overall
between the CIDR and the control
groups. Overall, the range in fetal age
was 40 to 89 days. The number of
open cows did not differ between the
CIDR and control groups (n = 17 in
each group). Within the open cows,
CIDR did not have an effect on DPP
or BCS. However, open cows that
did not receive a CIDR tended to be
younger than cows that did receive a
CIDR (4.88 ± 0.40 vs. 6.12 ± 0.54
yrs; P = 0.07).

Overall, an approximately three-day
increase in fetal age occurred in cows
that received a CIDR compared with
control cows (75.2 ± 0.8 vs. 72.4 ±
0.7 days of fetal age; P < 0.01). This
increase in fetal age was apparent in
the number of CIDR cows that
conceived during the first 10 days
after CIDR removal and the start of
the breeding season (Table 1). These
results indicate that the use of a
CIDR in a natural service scenario
may be beneficial to producers
economically because of a potential
for older, heavier calves at weaning.
However, a cost benefit analyses has
not yet been done.

Table 1. Effects of CIDR on cumulative achievement pregnancy rates.

10-day 21-day 42-day Pregnancy rate
pregnancy rate pregnancy rate pregnancy rate for the breeding

Treatment (%) (%) (%) season (%)

Control 30.9% 71.6% 90.9% 93.8% 
(85/275) (197/275) (250/275) (258/275)

CIDR 54.0%* 68.8% 89.9% 93.8% 
(149/276) (190/276) (248/276) (259/276)

*Significant increase in pregnancy rate in CIDR vs. Control groups; P < 0.01.
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Effects of dry distillers grain with solubles in creep feed
on intake, digestion, performance and grazed diet quality in
nursing calves grazing native range in North Dakota.
J. J. Reed, G. P. Lardy and J. S. Caton

Objectives were to determine effects
of dry distillers grain with solubles in
creep feed on intake, performance,
digestion and grazed diet quality in
nursing calves grazing native range
in North Dakota. Dry distillers grain
with solubles appears to be a suitable
ingredient in creep feed.

Sixteen intact (444 ± 43 pounds
initial BW; Experiment 1) and nine
ruminally and duodenally cannulated
(319 ± 46 pounds initial BW; Experi-
ment 2) commercial Angus steer
calves were used to evaluate the effect
of dry distillers grain with solubles
(DDGS) in creep feed on intake,
performance, digestion and grazed
diet quality in nursing calves grazing
native range at the Albert Ekre
Grasslands Preserve in southeastern
North Dakota.

Each experiment consisted of three
collection periods of approximately
one month in length in June, July and
August. Calves were assigned to one
of two treatments: a soybean meal,
wheat midds and soy hulls-based
creep feed with no DDGS (control)
or a creep feed containing 50 percent
DDGS with the remainder of the
creep feed consisting of soybean
meal, soy hulls and wheat midds.

Calves were fed individually (0.45
percent of BW) once daily. In Experi-
ment 1, creep feed organic matter
intake (OMI) as a percentage of body
weight tended (P = 0.09) to decrease
in calves fed DDGS. Forage OMI
(percent of BW) was not different
(P = 0.52) between the treatments and
increased (P = 0.001) as the season
advanced. Milk OMI (percent of BW)

was not different (P = 0.46) between
the treatments. Treatment did not
affect (P $ 0.70) final weight, ADG
and gain efficiency (G:F). In Experi-
ment 2, no differences (P > 0.67)
were found in organic matter diges-
tion between the treatments; however,
post-ruminal OM digestion decreased
(P = 0.03) linearly as the season
progressed.

Crude protein, OM, in vitro organic
matter disappearance (IVOMD),
calcium (Ca) and phosphorus (P)
levels of the grazed diet were not
different (P > 0.15) between the
treatments; however, calves receiving
DDGS selected forage that was
higher (P # 0.07) in NDF and ADF.
Inclusion of 50 percent DDGS in
creep feed resulted in few differences
in OMI, performance and grazed
diet quality. Dry distillers grain with
solubles appears to be a suitable
ingredient in creep feed.

Department of Animal and Range Sciences,
North Dakota State University
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Introduction
Creep feeding can provide many
benefits to a cow-calf producer,
including increased weaning weights,
reduced grazing pressure and
improved feed intake at weaning.
Weaning weight is an important factor
affecting profitability of producers
who sell their calves at weaning.
Creep feeding studies consistently
have shown increases in weaning
weight in creep-fed calves (Faulkner,
et al., 1994; Lardy, et al., 2001;
Loy, et al., 2002).

Many researchers have shown that
calves consume less forage when
supplemented with creep feed
(Cremin, et al. 1991; Faulkner, et al.
1994; Lardy, et al., 2000). However,
research at NDSU is somewhat
inconclusive: Maddock and Lardy
(2002), Soto-Navarro, et al. (2004)
and Loy, et al. (2002) reported no
differences in forage intake between
creep-fed and noncreep-fed calves.
However, Gelvin, et al. (2004)
reported increased forage intake and
Benz, et al. (2004) reported decreased
forage intake with creep feed supple-
mentation.

Evaluation of dry distillers grain with
solubles (DDGS) in creep feed on
forage intake is warranted because
previous data are inconclusive and
because changes in processing
technology have resulted in differing
products. Therefore, our objectives
were to determine the effects of dry
distillers grain with solubles in creep
feed on intake, performance, diges-
tion and grazed diet quality in nursing
calves grazing native range in North
Dakota.

Materials and Methods
Experiment 1: Sixteen commercial
Angus steer calves (444 ± 43 pounds
initial BW) were used to evaluate the
effect of DDGS in creep feed on
intake, performance and milk intake
in nursing calves grazing native range
at the Albert Ekre Grasslands Preserve
in southeastern North Dakota.

The experiment consisted of three
research periods approximately one
month in length in June, July and
August. Calves were assigned to one
of two treatments: a soybean meal,
wheat midds and soy hulls-based
creep feed with no DDGS (control) or
a creep feed containing 50 percent
DDGS with the remainder of the
creep feed consisting of soybean meal,
soy hulls and wheat midds (Table 1).
Calves were fed individually (0.45
percent of BW) once daily. Calves
were fitted with fecal collection bags
during each collection week to
estimate forage intake. Forage intake
was estimated by measuring daily
fecal output and indigestibility of the
forage, correcting for creep feed
intake and indigestibility.

Two-day weights were taken at the
beginning and end of the study and
one-day weights were taken at the end
of each period to determine average
daily gain (ADG) and gain efficiency

(G:F). Milk intake was measured
using a weigh-suckle-weigh technique.

Experiment 2: Nine cannulated
commercial Angus steer calves (319
± 46 pounds initial BW) were used
to evaluate the effect of DDGS on
organic matter (OM) digestion and
grazed diet quality in nursing calves
grazing native range at the Albert Ekre
Grasslands Preserve in southeastern
North Dakota. Experimental periods
and dietary treatments were the same
as in Experiment 1.

Chromic oxide (an indigestible flow
marker; 5 g) was dosed ruminally
twice daily at 8 a.m. and 8 p.m.
via gelatin capsules (Torpac Inc.,
Fairfield, N.J.) to determine DM flow
rate and total fecal output. Duodenal
fluid samples and fecal grab samples
were collected for five consecutive
days. Samples were collected at 0, 4,
8 and 12 hours after supplementation
and were composited for each steer
for each period.

Calves were used to monitor seasonal
changes in forage quality of grazed
native range by collecting masticate
samples. Masticate samples were
collected following ruminal evacua-
tions. Ruminal contents were evacu-
ated and calves were allowed to graze

Table 1. Composition of creep feed fed to grazing calves.

Treatments

Ingredient, % Control DDGS

Dry distillers grain with solubles 0.00 50.00
Soybean meal 41.00 14.00
Soy hulls 26.25 14.25
Wheat midds 26.25 14.25
Molasses 5.00 5.00
Limestone 1.50 2.50

Laboratory analysis, % DM
CP 30.01 29.61
OM 91.87 92.08
NDF 33.33 36.43
ADF 17.94 18.36
Ca 0.67 0.64
P 0.39 0.35
Starch 7.95 8.79
IVOMDa 85.67 79.33

aIn vitro organic matter disappearance
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for approximately one hour. Masticate
samples then were removed from the
rumen.

Data were analyzed in a completely
randomized design using the PROC
Mixed procedure of SAS (SAS
Institute, Cary, N.C.). The model
contained effects for period, animal
and treatment.

Results
Experiment 1: Creep feed organic
matter intake (OMI) as a percentage
of body weight tended (P = 0.09) to
decrease in calves fed DDGS (Table
2). Creep feed intake often is vari-
able, and in this study, two calves on
the DDGS treatment regularly did
not consume all of their creep feed
completely. This likely explains the
tendency for reduced creep intake
observed in this study. In our study,
creep feed was fed at 0.45 percent of
BW (DM basis) and level of creep
was adjusted according to BW at the
beginning of each period; therefore,
no differences (P = 0.35) were found
in creep feed OMI across the season.

Forage OMI (percent of BW) was not
different between the treatments (P =

0.52; Table 2). Forage intake likely
was not affected because the forage
was of moderate quality (10.8 percent
CP) and the nutrient profiles of the
creep feeds were similar. Forage OMI
increased (P = 0.001) as the season
advanced.

Milk OMI (percent of BW) was not
different (P = 0.46) between the
treatments (Table 2). Numerous
researchers have reported no differ-
ences in milk intake when comparing
creep-fed with noncreep-fed calves
(Gelvin, et al., 2004; Soto-Navarro, et
al., 2004; and Loy, et al., 2002), and
when comparing calves consuming
different types of creep feed (Loy, et
al., 2002; Faulkner, et al., 1994). A
quadratic affect (P # 0.02) for milk
OMI was found across the season.
Milk OMI (percent of BW) decreased
from June to July and increased
from July to August. This result
was unexpected as milk production
typically declines as the cow
progresses in lactation.

Treatment did not affect (P $ 0.70)
final weight, ADG and G:F (Table 2).
Other reseachers have reported no
differences in calf performance when

comparing different types of creep
feeds. Loy, et al. (2002) reported no
differences in calf performance when
comparing an energy supplement,
a degradable intake protein supple-
ment and a degradable with an
undegradable intake protein supple-
ment. Faulkner, et al. (1994) reported
no differences in calf performance
when comparing corn with soy hulls.

Experiment 2: No differences
(P > 0.67) were found in OM
digestion between the treatments.
This likely was an effect of having
similar total OMI and similar
IVOMD for the creep feeds and
grazed diets. Post-ruminal digestion
decreased (P = 0.03) linearly as the
season progressed. No (P > 0.30)
other seasonal differences were found
for digestion.

Crude protein, OM, IVOMD,
calcium (Ca) and phosphorus (P)
levels of the grazed diet were not
different between the treatments (data
not shown). Calves consuming DDGS
selected forage that was higher (P $
0.07) in NDF and ADF. Loy, et al.
(2002) reported no differences in
grazed diet quality between treatments

Table 2. Effect of creep feeding and grazing season on organic matter intake, digestion and
performance in nursing steer calves.

Treatment Period P values Contrastsa

Trt x
Item Control DDGS SEM June July August SEM Trtb Period Period L Q

Organic matter intake, % BW
Creep 0.38 0.37 0.01 0.38 0.37 0.37 0.01 0.09 0.35 0.58 0.20 0.51
Forage 1.16 1.20 0.04 0.79 1.31 1.45 0.06 0.52 0.001 0.76 0.00 0.007
Milk 0.17 0.18 0.02 0.20 0.14 0.19 0.02 0.46 0.08 0.96 0.88 0.02
Total 1.71 1.75 0.05 1.37 1.82 2.01 0.06 0.55 0.001 0.81 0.001 0.09

Calf performance
Initial weight, lbs 446.3 442.0 9.6 444.2 482.5 544.9 15.0 0.68 0.001 0.98 0.001 0.51
Final weight, lbs 640.6 636.2 23.1 482.5 544.9 638.4 16.3 0.70 0.001 0.99 0.001 0.44
ADG, lbs 2.49 2.44 0.09 1.83 2.24 3.34 0.11 0.82 0.001 0.27 0.001 0.02
Gain:feed 0.23 0.24 0.01 0.24 0.20 0.27 0.01 0.83 0.001 0.55 0.11 0.001

Digestion, % of intake
Apparent ruminal 24.8 22.7 3.8 19.3 24.6 27.4 8.2 0.70 0.83 0.68 0.56 0.92
True ruminalc 55.7 56.3 2.4 55.9 58.6 53.6 4.9 0.86 0.83 0.71 0.78 0.59
Post-ruminal 42.1 44.4 3.8 54.0 39.9 35.8 5.1 0.67 0.07 0.68 0.03 0.46
Total tract 66.9 67.1 1.4 73.3 64.5 63.2 4.0 0.91 0.30 0.52 0.16 0.53

aContrasts were L = linear, Q = quadratic for period. bProbability value for the F-test for an overall treatment effect. cCorrected for OM of bacterial origin.
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on the same pasture as our study. The
season did not affect (P $ 0.11) the
level of CP, OM, IVOMD, ADF, Ca
or P of the grazed diet. Similarly, Loy,
et al. (2002) reported no differences
in grazed diet quality across the
season. Neutral detergent fiber of the
grazed diet responded quadratically
(P = 0.01) to the season.

Under the conditions encountered
in this study, dried distillers grain
with solubles seems to be a suitable
feedstuff for inclusion in creep feed.
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Progress Report —
Effects of weaning date and retained ownership on
cow performance, forage disappearance, and postweaning
calf performance in spring calving beef systems
D.G. Landblom1, H.H.Patterson2, P. Johnson2, R. Gates2, and S. Paisley3

Introduction
A two-year cooperative research
project has been initiated between
South Dakota State University (West
River Ag Center), North Dakota
State University (Dickinson Research
Extension Center), and the University
of Wyoming (Department of Animal
Science) to investigate the effects of
weaning date in spring calving herds.
Multiple years of limited precipitation
and drought across large areas of the
West and Great Plains regions of the
United States prompted this investiga-
tion to evaluate the effects of early
weaning on range forage disappear-
ance, postweaning cow condition
change, calf immune response,
backgrounding performance, finishing
performance in a grid-based market,
and economic return to conventional
and early weaning beef systems.

This progress report encompasses
only the first year of the study.

Procedure
Cow herds from the SDSU Antelope
Station (136 cows), the NDSU
Dickinson Research Extension Center
(88 cows), and the UW Beef Unit
(93 cows) were used in the study. At
each location, spring-born calves were
weaned from cows at approximately
140 days (mid-August) or 215 days
of age (early November). Cow body
weight and body condition score
changes were monitored between the
August and November weaning dates
to determine the impact of weaning
date on cow performance and
postweaning calf performance.

Calf weaning weights were recorded
at each location. Steer calves from the
Antelope Station and the Dickinson
REC were transported immediately
after weaning to the NDSU Hettinger
Research Extension Center for
backgrounding. The steers were
backgrounded either 49 (early
weaned) or 54 (normally weaned)
days, using a diet consisting of locally
grown forage and a commercial pellet
consisting of regionally available co-
product feedstuffs (soyhulls, wheat
middlings, barley malt sprouts). Two
to four weeks prior to each weaning
date, calves were vaccinated with One
Shot Ultra 7® (blackleg, malignant
edema, black disease, Clostridium
sordellii infections, entertoxemia
types C and D and pneumonic
pasteurellosis infection caused by
Pasteurella haemolytica Type A1)
and, Bovi-Shield 4®, a modified-live
vaccine designed for respiratory

Researchers in North Dakota, South
Dakota and Wyoming are working
together to evaluate the effect of
weaning calves 75 days earlier than
normal and are following the calves
through finishing. This progress report
summarizes accomplishments achieved
so far. Briefly, weaning calves 75 days
early (mid-August) has improved cow
weight and condition score compared
to cows whose calves were weaned
normally (early -November). Native
range forage disappearance was
reduced 28 percent when calves
were weaned early. After weaning,
backgrounded early weaned steers
grew faster and were more efficient.
Overall, early weaned steers were
31 days younger at final harvest.
However, due to the extended drylot
period associated with early weaning,
early weaned steers required 61 more
days on feed to reach final harvest.

1NDSU - Dickinson Research Extension
Center
2SDSU - West River Agricultural Center
3UW - Animal Science Department
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disease protection against infectious
bovine rhinotracheitis (IBR), bovine
virus diarrhea types 1 and 2 (BVD),
parainfluenza 3 (PI3) and bovine
respiratory syncitial virus (BRSV).

Calves were booster vaccinaed with
Bovi-Shield 4® and One Shot Ultra
7® at weaning. Blood samples were
taken from steers at the preweaning
date, at weaning, and again seven and
30 days after weaning. The samples
will be used to determine immune
function and stress levels in the calves
from each weaning date.

Following the seven- to eight week
backgrounding phase, calves were
transported via commercial truck to
Decatur County Feed Yard, Oberlin,
Kan., for finishing. An electronic
cattle management system (ECM)
was employed to determine final end
point, which is based on an external
fat depth of 0.40 inch. While at the
feed yard, morbidity and mortality
frequency and distribution were
monitored. Steers from the NDSU
and SDSU facilities were slaughtered
at a commercial packing plant where
carcass data was collected.

Both steers and heifers from UW
Beef Unit were managed in a similar
protocol as described for Antelope
and Dickinson REC steers. Cattle
were backgrounded at the UW Beef
Unit, Laramie, for 43 (early weaned)
and 40 (normally weaned) days,
respectively. Following the
backgrounding period, cattle
remained at the UW Beef Unit for
the experiment’s finishing phase.
Cattle were marketed in three groups,
March 29, May 10, and May 25,
2004, based on ultrasound backfat
depth and percent intramuscular fat
measured between the 12th and 13th
ribs. Cattle were slaughtered at a
commercial packing plant where

carcass data was collected. University
of Wyoming cattle were not included
in the immune response component
of the investigation.

Vegetation samples were collected at
the Dickinson REC to determine the
magnitude of biomass disappearance
among cows suckling calves from
August to November (normal wean-
ing; n=3 pasture groups) versus dry
cows grazing from August to Novem-
ber (early weaning; n=3 pasture
groups). A 640-acre pasture was
subdivided into 12 50-acre pastures
in a wagon-wheel configuration with
central watering sites. In June, three
pen replicates per treatment were
assigned randomly to half of the
pastures, where the cow-calf pairs
grazed until the first weaning in
mid-August.

At the mid-August early weaning date,
replicated groups of early and nor-
mally weaned cows were rotated and
randomly assigned to the remaining
six ungrazed pastures. The ungrazed
pastures were sampled just prior to
the mid-August rotation to estimate
the amount of total available biomass
and again at the end of grazing in
November to estimate residual
biomass. Fifty (0.25 m2) samples cut
to ground level were taken per 50-acre
pasture. The amount of forage
biomass remaining after grazing
compared with that measured prior
to grazing was used to estimate native
range forage disappearance for each
weaning treatment. Growth during
the August-to-November period was
assumed to be constant.

Results
This progress report summarizes
components of this multistate
investigation. Since treatment by
location interaction were identified,
treatment means were compared
within location.

Early weaning impacted cows posi-
tively by maintaining or improving
body weight (P<.01) and body
condition score (P<.01) at each
location. Changes in body weight
from August to November at the
three research facilities are shown
in Table 1.

Early weaned cows at SDSU Antelope
Station gained 36 pounds from mid-
August to the first week of November
and improved body condition score
by 0.34 units, while normally weaned
cows lost 47 pounds and 0.02 body
condition score. Cows with calves
weaned early in August at the UW
Beef Unit gained 21 pounds and
maintained body condition from
August to November, whereas
normally weaned cows lost 64 pounds
and 0.8 body condition score during
the August-to-November period.

At NDSU’s Dickinson Research
Extension Center, early weaned cows
lost 12 pounds, but overall, improved
body condition score by 0.39 units,
whereas normally weaned cows lost
197 pounds and 1.20 body condition
score during the same August-to-
November period. The 12- and
197-pound losses are nearly three
times larger than expected and can
be attributed to an early snow storm
of 8 to 10 inches that partially
covered forage until weaning.

Cows that had calves weaned early
utilized 72 percent (P=0.15)  of the
available biomass from August to
November as compared to the cows
suckling calves during the same
August-to-November period. Forage
disappearance for cows that had
calves weaned early was estimated
to be 716 pounds per acre, whereas
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Table 1. Body weight and condition score change among early and normally
weaned cows located at the NDSU-Dickinson REC, SDSU-Antelope Station
and UW-Beef Unit (2003).

NDSU SDSU
Dickinson REC Antelope Station UW Beef Unit

Item Weaning Period Weaning Period Weaning Period 

Early Normal Early Normal Early Normal

August Cow Wt., lb 1285 1332 1341 1329 1207 1242
November Cow Wt., lba 1273 1135 1375 1281 1228 1178
Cow Wt. Change, lba -12 -197 36 -47 21 -65
August BCS 5.52 5.52 5.63 5.65 5.43 5.59
November BCSa 5.91 4.32 5.97 5.63 5.38 4.82
BCS Changea 0.39 -1.20 0.34 -0.02 -.05 -.78
August Calf Wt., lbb 386 405 407 403 443 436
November Calf Wt., lb - 543 - 582 - 607

aTreatments at each location differ (P<.01)
bTreatments at Dickinson location differ (P<.10)

Table 2. Summary of backgrounding performance for early and normally
weaned steers at the NDSU-Dickinson REC, SDSU-Antelope Station and
UW-Beef Unit (2003).

NDSU SDSU
Item Dickinson REC Antelope Station UW Beef Unit

Early Normal Early Normal Early Normal

No. Steers 40 38 36 35 26 23
Days on Feed 49 54 49 54 43 40
Start Wt., lba 407 553 414 600 445 622
End Wt., lba 578 715 568 765 536 718
ADG, lbb 3.50 2.99 3.12 3.05 2.13 2.56
DM Intake, lbc 12.0 12.5 11.7 13.2 11.6 16.14
Feed:Gain, lbd 3.44 4.16 3.76 4.35 5.45 6.41

aTreatments at each location differ (P<.01)
bTreatments at Dickinson and UW locations differ (P<.01)
cTreatments at Dickinson and Antelope locations differ (P<.05)
dTreatments at Dickinson and Antelope locations differ (P<.01)

forage disappearance among cows
that continued to nurse their calves
was estimated to be 989 pounds per
acre. The difference in forage utiliza-
tion was attributed to calf removal
and less trampling.

Postweaning backgrounding perfor-
mance for steers from Antelope,
Dickinson and the UW is shown in
(Table 2). Normally weaned steers
were heavier (P<.01) at weaning and
at the end of the backgrounding phase
(P<.01) at each location. Dickinson
calves that were early weaned had a
higher average daily gain during
backgrounding than normally weaned
calves, whereas calves from Antelope
had similar gains across weaning
dates. In contrast, calves from UW
that were early weaned gained less
than those that were weaned in
November (P< 0.01). Dry matter
intake (P<.05) and F:G (P<.01) of
early weaned calves was improved
at Antelope and Dickinson.

Finishing performance for the two
management systems is shown in
Table 3. Normally weaned steers were
an average 170 pounds heavier on
arrival; however, final harvest weight
did not differ, but tended to be
heavier. On average, and overall, kill
age for early weaned steers was 31
days earlier (P<.01) than normally
weaned steers. However, due to the
longer drylot experience associated
with early weaning, the early weaned
steers required 61 more days on feed
(P<.01). SDSU’s normally weaned
steers required more feed per pound
of gain (P<.01) whereas finishing feed
efficiency was similar between
treatment groups for Dickinson and
UW steers.

Steers at Antelope and Dickinson
were fed using an electronic cattle
management (ECM) system in which
the feeding end point was preset at
0.40 in fat depth between the 12th

Table 3. Feedlot finishing performance and carcass measurements.
(Decatur County Feed Yard, Oberlin, Kan., and UW Livestock Center, Laramie, Wyo.)

NDSU SDSU
Item Dickinson REC Antelope Station UW Beef Unit

Early Normal Early Normal Early Normal

Receiving Wt., lbb 559 700 562 744 536 718
Harvest Wt., lb 1136 1174 1110 1174 1219 1229
Kill Ageb 364 404 371 405 417 436
Days at Feed Yard, dayb 188 129 183 133 224 150
ADG, lbb 3.07 3.67 2.99 3.23 3.08 3.42
F:G, lbc 5.20 5.18 5.18 5.86 6.07 6.17
Hot Carcass Wt., lb 719 720 702 725 735 734
Ribeye Area, sq. in. 12.19 12.83 12.15 12.41 11.57 12.17
Fat Depth, in.d .55 .44
Yield Grade,d 2.61 2.54 2.68 2.7 2.76 2.45
Quality Gradee 2.95 2.78 3.00 2.8 4.95 4.38
Percent Choice, % 26.4 25.71 13.9 23.5 85.7 59.1

aTwo steers died of bloat during finishing.
bTreatments at each location differ (P<.01).
cTreatments at the Antelope location differ (P<.01).
dTreatments at the UW Beef Unit differ (P<.05).
eTreatments at the UW Beef Unit differ (P<.10).
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Figure 2. Distribution of BRD among normally weaned steers from NDSU
Dickinson REC and SDSU Antelope Station that required intervention at the
feed yard (2003).

and 13th ribs. Fat depth at the UW
was 0.11 inch greater (P<.05) for the
early weaned steers. Yield and Quality
Grades did not differ at Antelope and
Dickinson. Carcass measurements
for the three sites did not differ for
hot carcass weight or ribeye area.
However, early weaned steers had
greater yield (P<.05) and quality
grades (P <.10) at UW that resulted
when the early weaned group was fed
to a higher degree of backfat. The
number of Choice grading steers
was low for NDSU and SDSU cattle,
suggesting that final end pont determi-
nation with the ECM system underes-
timated days on feed necessary to
attain higher quality grade.

Antibody titer data is incomplete at
the time of this report. However,
morbidity was monitored based on
the treatment rate during the
backgrounding and finishing phases
of the study. Incidence of BRD was
minimal among early weaned steers.
However, steers weaned normally
broke with BRD near the end of the
backgrounding phase. Death loss was
3.95 percent. Feed yard pulls and
re-pulls at the commercial feed yard
are shown in Figures 1 and 2. While
steers in the early weaned groups
exhibited minimal BRD during the
backgrounding phase, the incidence
of BRD during the finishing phase for
steers originating from both North
and South Dakota was higher than
expected.

Weaning spring-born calves at 140
days compared to 215 days reduced
forage utilization, improved cow body
condition, and resulted in similar calf
performance. Future reports will
include a second year of data and an
economic analysis of the two weaning
date systems.

Figure 1. Distribution of BRD among early weaned steers from NDSU-
Dickinson REC and SDSU-Antelope Station that required intervention at
the feed yard (2003).
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Effects of barley processing for backgrounding diets
on performance in beef steers
W. L. Bengochea, M. L. Bauer, and G. P. Lardy

The objectives of this study were to
evaluate 1) the effect of increased
degree of barley processing, and
2) mixing barley particle sizes and how
this affects performance of beef steers
fed a 50 percent roughage diet. Feed
efficiency was increased with fine
processing of barley. Mixing barley
of different particle sizes was not
advantageous.

Introduction
North Dakota leads the United States
in barley production (NDASS, 2003).
Feeding whole barley results in poor
animal performance due to low
digestibility and increased incidence
of bloat (Mathison, 1996). The extent
of barley processing for optimal
performance in backgrounding cattle
diets has not been researched exten-
sively. Reed, et al. (2004) reported an
improvement in steer performance
with finer processing of sprout-
damaged barley in backgrounding
diets. Bengochea, et al. (2005)
indicated that finer processing of
sound (nonsprout-damaged) barley
in growing diets increased steer
performance.

In high-grain finishing diets, starch
digestibility increased linearly with
increased degree of processing using
temper-rolled barley (Beauchemin, et
al., 2001). When diets are adequate in
effective fiber, Koenig, et al. (2003)
suggested barley grain can be more
extensively rolled. The objectives of
this study were to evaluate 1) the
effects of increased degree of barley
processing, resulting in decreased
particle size, and 2) mixing barley
particle sizes on performance of beef
steers fed a 50 percent roughage diet.

Procedure
One hundred forty-three crossbred
beef steers (609 ± 42 pounds initial
BW) were used in a randomized
complete block design to evaluate the
degree of processing (particle size)
barley in backgrounding diets. Steers
originated from south-central North
Dakota and were shipped approxi-
mately 150 miles, where they were
housed at the North Dakota State
University Animal Research Center
in concrete-floored pens with access
to a barn. Steers were fed in concrete
fence-line bunks and had ad libitum
access to water.

During the receiving period, all
steers received common transition
diets of hay, silage, supplement
and de-sugared molasses. A
booster vaccination against bovine
rhinotracheitis virus diarrhea,
parainfluenza3, respiratory syncitial
virus and Haemophilus somnus was
administered. Steers were treated
with Dectomax (Pfizer, Exton, Pa.)
for control of internal and external
parasites, dehorned if needed, and
ear tagged. Steers were stratified by
weight and allotted randomly to one
of four dietary treatments (six pens/
treatment).

Target particle sizes were 2,700
micrometers for coarsely rolled barley,
2,000 micrometers for medium-rolled
barley, 1,300 micrometers for finely
rolled barley and 2,000 micrometers
for the mixed barley, which was
produced by mixing finely and
coarsely rolled barley to assimilate

Department of Animal and Range Sciences,
North Dakota State University
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medium barley. Diets contained (DM
basis) 41.8 percent barley, 35 percent
pressed beet pulp, 15 percent grass/
alfalfa hay, 5 percent de-sugared
molasses and 3.2 percent supplement.
Diets were formulated to contain a
minimum of 12.5 percent CP, 0.6
percent Ca, 0.3 percent P, 0.6 percent
K and 25 grams/ton of Rumensin
(Elanco, Greenfield, Ind.).

Steers were implanted with Synovex S
(Fort Dodge Animal Health, Fort
Dodge, Iowa) on day 66. Initial and
final weights were an average of two-
day consecutive weights. Steers were
fed for 93 days. Feed offered was
adjusted daily, based on bunk reading
prior to feeding. Orts were weighed
weekly and dietary ingredient samples
were composited and subsampled for
analysis of particle size and lab
analysis. Barley was sampled and
composited weekly for density and
particle size analysis. Particle size was
analyzed following the procedure of
ASAE (1993) using a sieve shaker
(Ro-Tap W. S. Tyler, Mentor, Ohio).

Results and Discussion
The effects of barley processing for
beef steers fed backgrounding diets
are shown in Table 1. No differences
were found among treatments for final
weight (P = 0.51) or average daily
gain (P = 0.43). This is similar to
results from Bengochea, et al. (2004),
who reported similar performance for
steers fed barley processed to either

1,390-micrometer particle size or
2,130-micrometer particle size.
However, this is in contrast to
Reed, et al. (2005), who reported an
increase in ADG with increased
degree of processing. Reed, et al.
(2005) fed dry-rolled barley with a
particle size of either 2,630 microme-
ters or 2,000 micrometers. Dry
matter intake was greatest (P < 0.01)
for steers fed the coarse and mixed
barley, and least for the fine barley,
with the medium barley not different
than the fine, coarse or mixed barleys.

Previous research in our laboratory
(Reed, et al., 2005; Bengochea, et al.,
2004) indicated similar intakes among
treatments. The fine and medium
treatments had the greatest (P < 0.01)
feed efficiency (ADG/DMI). The
mixed treatment was intermediate,
while the coarse treatment had the
poorest feed efficiency. Reed, et al.
(2005) and Bengochea, et al. (2004)
reported increased feed efficiency
with decreased particle size.

In the present experiment, the fine
treatment had a 13 percent improve-
ment in gain efficiency above the
coarse treatment and a 9 percent
improvement in gain efficiency from
the medium to the coarse treatment.
Apparent dietary NEm and NEg were
greater for the fine and medium
treatments, compared with the coarse
rolled and mixed barley. Bengochea,
et al. (2004) reported increased
dietary NEm and NEg with increased

degree of processing. Increasing the
degree of processing to medium and
fine levels improved gain efficiency
above the coarse treatment, and no
benefit was found to mixing barley of
different particle sizes.

Implications
Medium and fine processing
improved gain efficiency of back-
grounding steers. This study indicates
that barley can be processed to a
medium or finer degree, compared
with a coarse degree, to improve gain
efficiency. Further research is needed
to determine optimum particle size
and how it interacts with roughage
level and CP level in backgrounding
diets.
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Table 1. Effect of processing barley for beef steers fed backgrounding diets.

Treatment
Item Coarse Medium Fine Mixed SEMa P-value

Final weight, lb 862 876 878 871 42 0.51
Daily gain, lb 2.68 2.84 2.86 2.77 0.07 0.43
DMI, lb/day 22.5y 21.7xy 21.0x 22.4y 0.8 0.009
Gain:Feed, lb/cwt 12.0x 13.1yz 13.6z 12.4xy 0.5 0.002
Feed:Gain 8.33 7.64 7.35 8.06 -- --
Dietary NEm, Mcal/cwt 67.3x 71.4y 73.2y 68.6x 0.9 <0.001
Dietary NEg, Mcal/cwt 40.0x 44.1y 45.9y 41.4x 0.9 <0.001

an=6.
x,y,zWithin a row means lacking a common superscript letter differ (P < 0.05).
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Southwest Feeders Project: Effect of barley hay vs. barley grain
in a barley-pea haylage ration on weaned beef calves in a
backgrounding environment1

L.P Anderson, C.S. Schauer, D.M. Stecher, D. Pearson and D. Drolc

NDSU Hettinger Research Extension Center,
Hettinger, N.D.

Replacing barley grain with barley
hay in a barley-pea haylage-based calf
backgrounding ration containing 35
percent whole barley grain had no
negative effect on cost of gain, feed
conversion or calf gain. Value added to
crop ground through livestock forage
production and increased value
through retaining and feeding livestock
in the region will have a significant
impact on rural communities. Utiliz-
ing combinations of annual forage
crops in postweaning livestock rations
offers unique business opportunities
to producers in the region.

Summary
With a prevalence of grain hays in
southwestern North Dakota, the
opportunity exists to include and/or
replace portions of the grain compo-
nent of the backgrounding diet with
grain hay while still maintaining
adequate calf gains and costs of
production. This study was designed
to evaluate the effect of replacing
whole barley with barley hay in calf
backgrounding diets. Treatment did
not affect any of the variables mea-
sured. Average daily gain was 2.52
pounds/day for an off-test average
weight of 772 pounds. Dry matter
feed conversion averaged 7.66 pounds
of feed per pound of gain for an
average feed cost per pound of gain
of 27 cents. Utilizing barley hay as a
replacement for whole barley in the
barley-pea haylage-based ration had
no negative effect on backgrounded
calves. As postweaning livestock
feeding continues to expand through-
out southwestern North Dakota, a
tremendous opportunity exists for
livestock feed production on tradi-
tionally low yielding crop ground.

Introduction
Backgrounding calves can have a
significant impact on North Dakota’s
economy. A 10 percent increase in
the number of calves retained for
backgrounding and fed to weights of
750 to 800 pounds could result in an
estimated $28.6 million in added
economic activity to the agricultural
community of western North Dakota.
Statewide, the potential level of
economic activity could exceed $55
million.

Southwest Feeders is designed to
engage the agricultural community of
southwestern North Dakota actively
in value-added livestock production
through a coordinated and targeted
research and education program.
Southwest Feeders has demonstrated
cost competitive gains with calves
backgrounded on a forage-based diet
consisting of 65 percent barley-pea
haylage and 35 percent whole grain.
With a prevalence of grain hays in
southwestern North Dakota, the
opportunity exists to include and/or
replace portions of the grain compo-
nent of the backgrounding diet with
grain hay while still maintaining
adequate calf gains and costs of
production. This study was designed
to evaluate the effect on calf perfor-
mance of replacing the standard
Southwest Feeders backgrounding
diet’s grain component with barley
hay.

1We would like to recognize and thank the
Dickinson Research Extension Center,
Dickinson, N.D., for providing the calves
used on this trial. Funding support was
through a USDA-CSREES Four-State
Ruminant Consortium grant.
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Materials and Methods
A randomized complete block design
was used to evaluate the effect of
replacing whole barley with barley
hay in calf backgrounding diets.
Seventy-two head of cross-bred steers
(669 ± 68 pounds initial BW) were
blocked by source and stratified by
weight and randomly assigned to 12
pens. Pens were assigned one of two
diets: 35 percent whole barley grain
(Grain) or 35 percent barley hay
(Forage). Individual feed analysis
is presented in Table 1. Base diets
consisted of barley-pea haylage,
grass hay and a custom-formulated
supplement (Table 2).

Upon receiving, cattle were provided
an 18-day acclimation period to the
ration and facilities before starting the
backgrounding test. Calves were fed
the backgrounding diets for 41 days.
Pen feed adjustments were based on
individual bunk calls prior to cattle
being fed once daily (9 a.m.). Animals
were weighed individually prior to the
morning feeding for a two-day start,
a 28-day interim and two-day ending
period. A local veterinary clinic
helped establish a health protocol,
including a monthly pen walk-through
by the attending veterinarian. Pen
performance data were analyzed in a
randomized complete block design.

Results
The effects of treatment on calf
backgrounding performance are
shown in Table 3. Treatment did not
affect any of the variables measured
(P$0.26). Average daily gain was 2.52
pounds/day for an off-test average
weight of 772 pounds. Dry matter
feed conversion averaged 7.66 pounds
of feed per pound of gain for an
average feed cost per pound of gain
of 27 cents. No health problems were
observed throughout the trial. While
no treatment by source interaction
was measured, source of cattle did
have a significant impact on the cost
of gain (P=0.026) and DM feed
conversion (P=0.028).

Discussion
Utilizing barley hay as a replacement
for whole barley in the barley-pea
haylage-based ration had no negative
effect on backgrounded calves. The
impact of the source of cattle on feed
conversion and cost of gain may have
been due to a 107-pound difference
for initial body weight. The heavier
calves entered the trial in a fleshier
condition, perhaps limiting the
postweaning feed conversion and
subsequent cost of gain as compared
with the lighter weight calves. Average
daily gain by source was not measur-
ably different, a difference less than
0.1 lbs/day.

Knowledge of postweaning perfor-
mance, total days to be background-
ed, environmental conditions and a
targeted average daily gain would
better determine the opportunity of
utilizing an all-forage ration, or the
need for grain inclusion in the calf
backgrounding diet. Numerically, the
all-forage ration provided a cheaper
cost of gain while not negatively
impacting feed conversion. This
scenario provides an excellent oppor-
tunity for a producer to utilize 100
percent locally raised forages, espe-
cially in a drought year where grain
yield may be reduced dramatically.

Implications
As postweaning livestock feeding
continues to expand throughout
southwestern North Dakota, a
tremendous opportunity exists for
livestock feed production on tradi-
tionally low yielding grain crop
ground. Value added to crop ground
through livestock forage production
and increased value through retaining
and feeding livestock in the region
will have a significant impact on the
rural communities. Utilizing combina-
tions of annual forage crops in
postweaning livestock rations offers
unique business opportunities to
producers in the region.

Article Reviewed by
Doug Landblom, animal scientist, Dickinson
Research Extension Center, North Dakota
State University

Bridget Johnson, nutrient management
Extension specialist, Dickinson Research
Extension Center, North Dakota State
University

Donald Anderson, professor emeritus,
Animal Science, Montana State University
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Table 1. Individual feed analysisa.

DM % CP % TDN % Ca % P % NO3 %b

Barley Grain 90.3 16.3 85.9 0.05 0.36 --
Barley Hay 71.3 14.8 74.5 0.30 0.34 0.04
Barley-Pea Haylage 28.2 14.2 72.0 0.55 0.32 0.41

a Feed analysis reported on DM basis.
b Nitrate content below 0.44% (DM basis) is considered safe to feed under all conditions.

Table 3. Effect of barley grain vs. barley forage on
calf backgrounding performance.

Treatmenta

Item Grain Forage P-valueb

Starting Weight, lbs 667 670 0.63
Ending Weight, lbs 775 770 0.51
Gain, lbs 107 100 0.34
Average Daily Gain, lbs 2.61 2.44 0.35
Feed:Gain, DM lbs 7.61 7.70 0.78
Feed Cost of Gain, $/lb 0.28 0.27 0.26

aGrain = 35% barley grain DM inclusion in total diet; Forage = 35%
barley hay DM inclusion replacing barley grain component.
bP-value for Grain vs. Forage treatments.

Table 2. Diet composition of grain
and forage rations.

Diets

Ingredienta Grain Forage

% DM basis
Barley-Pea Haylage 36.3 37.1
Barley Grain 35.4
Barley Hay 34.0
Grass Hayb 24.2 24.7
Supplementc  4.1  4.2

Nutrient
CP, % 15.5 14.9
TDN, % 73.7 69.8
DM, % 46.4 45.0

aPrice/ton DM basis: Barley-Pea Haylage, $70;
Barley Grain, $70; Barley Hay, $70; Grass Hay,
$60; Supplement, $280.
bGrass hay included to raise DM content of diet.
cSupplement concentrations were: 314 ppm Fe,
1510 ppm Mn, 1504 ppm Zn, 778 ppm Cu,
25 ppm Monensin.
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Discovering value in North Dakota calves;
The Dakota Feeder Calf Show Feedout Project:
2003-04 Feedout Results
Karl Hoppe1, Vern Anderson2 and Ernie Ward3

1North Dakota State University Extension
Service, Carrington
2Carrington Research Extension Center,
Carrington
3State Bank of Turtle Lake, Turtle Lake

Feeding calves to finish in North
Dakota allows cow-calf producers to
discover the postweaning value of
spring-born calves fed to finish. For
the third year, cow-calf producers
consigned calves to be fed to finish at
the Carrington Research Extension
Center. An Extension education
program allowed owners to track
individual performance and carcass
information on their calves. Calves
were placed on feed at weaning and
harvested within 13 months of age.
Genetic variation among herds had
a pronounced impact on carcass
quality and yield.

Summary
North Dakota cattle producers seek
understanding of the feeding perfor-
mance and carcass value of their
calves. Identifying superior genetics
is paramount for cow-calf producers
to remain competitive with other
livestock and poultry in the meat
industry. The Dakota Feeder
Calf Show Feedout project was
developed to discover the actual
value of spring-born beef steer calves.
The Turtle Lake community sponsors
the project.

Cattle consigned to the feedout
project averaged 578 pounds upon
delivery to the Carrington Research
Extension Center Livestock Unit on
Oct. 13, 2003. After an average 201-
day feeding period, with 1.69 percent
death loss, cattle averaged 1,253
pounds (at plant, shrunk weight).
Average daily feed intake per head, as
fed, was 28.7 pounds, while pounds
of feed required per pound of gain
were 8.85. Diet dry matter was 73
percent.

The pen-of-three calves averaged 397
days of age at harvest. Overall pen
average daily gain was 3.24 pounds.
Feed cost was 31.7 cents per pound
and total cost of gain without interest
was 45.3 cents. Although the cattle
were marketed during a 55-day
period, marbling scores averaged 416
(low choice). Profit before interest
expense ranged from $279.69 per
head for pen-of-three cattle with
superior genetics to $3.42 per head
for poorer performance and minus
$267.10 with death loss included.

Introduction
Determining calf value is a continuing
experience for cow-calf producers. At
the time of bull selection, a producer
must estimate the type of animal
desired by buyers 1½ to two years
before sale. In regard to premium and
discounts in North Dakota, the live
market appears to have varying
prices, while the meat market price
has more stability. Consequently,
producers are seeking to sell cattle
based on the end-value meat price.
In addition, superior cost-effective
feeding performance is needed to
justify the expense of feeding cattle
past weaning. Since North Dakota
feeds are low-cost and the climate is
favorable, low feeding cost per pound
of gain can be accomplished. This
feedlot project was conducted to
provide cattle producers with an
understanding of cattle genetics and
cattle feeding in North Dakota.
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Procedure
The Dakota Feeder Calf Show was
developed for cattle producers willing
to consign steer calves to a show and
feedout contest. The calves were
received in groups of three or four on
Oct. 13, 2003, at the Turtle Lake
Weighing Station, Turtle Lake, N.D.,
for weighing, tagging, processing and
showing. The calves were evaluated
for conformation and uniformity,
with the judges providing a discussion
for the owners at the beginning of
the feedout.

The calves then were shipped to the
NDSU Carrington Research Exten-
sion Center, Carrington, N.D., for
feeding. Upon arrival, calves were
treated with prophylactic tilmicosin.
Calves then were sorted and placed
on a receiving trial comparing corn
mixed with field peas, lentils and
chickpeas as grain sources. On Nov.
24, 2003, calves were moved on to
a corn-based 80 percent grain diet.
Cattle were weighed periodically and
reports provided to the owners.

An open house was held Feb. 6, 2004,
at the NDSU Carrington Research
Extension Center Livestock Unit,
Carrington, N.D., where the owners
reviewed the calves and discussed
marketing conditions. An ultrasound
evaluation for back fat and marbling
was conducted on March 23, 2004,
and calves were sorted into market
groups based on back fat, marbling
and live weight.

The first market group of cattle (41
head) was harvested on April 2, 2004.
The second sell group (80 head) was
harvested on May 5, 2004. The third
sell group (20 head) was harvested on
May 13, 2004, and the last sell group
(34 head) was harvested on May 27,
2004. Cattle were sold to Tyson Fresh
Meats, Dakota City, Neb., on a grid
basis with premiums and discounts.
Carcass data was collected after
harvest.

Ranking in the pen-of-three competi-
tion 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
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 577.5 pounds upon delivery
to the Carrington Research Extension
Center livestock unit on Oct. 13,
2003. After an average 201-day
feeding period with 1.69 percent
death loss, cattle averaged 1,253
pounds (at plant, shrunk weight). The
early sell group (41 head) averaged
1,236 pounds (shrunk) at harvest. The
second sell group (80 head) averaged
1,295 pounds (shrunk) at harvest. The
third sell group (20 head) averaged
1,259 pounds (shrunk) at harvest and
the last sell group (34 head) averaged
1,170 pounds (shrunk) at harvest.
Average daily feed intake per head
was 28.7 pounds, as-fed basis, and
20.9 pounds, dry-matter basis.
Pounds of feed required per pound of
gain were 8.85, as-fed basis, and 6.44
pounds, dry-matter basis.

Overall feed cost per pound of gain
was 31.7 cents. Overall yardage cost
per pound of gain was 7.7 cents.
Combined cost per pound of gain,
including feed, yardage, veterinary,
trucking and other expenses, except
interest, was 45.3 cents.

The number of cattle consigned was
178, of which 126 competed in the
pen-of-three contest. Cattle were
implanted with Synovex Choice at
91 days on feed.

The carcass characteristics were
collected and used in calculating

indexes for scoring. The first market
group, harvested April 2, 2004,
contained USDA Quality Grades at
60.1 percent Choice or better
(including 17 percent Certified Angus
Beef ) and 39.9 percent Select and
USDA Yield Grades at 24.4 percent
YG2 , 70.7 percent YG3 and 4.9
percent YG4. The second market
group, harvested May 5, 2004,
contained USDA Quality Grades at
1.25 percent Prime, 52.5 percent
Choice (including 11.3 percent
Certified Angus Beef ), 45 percent
Select and 1.3 percent Standard and
USDA Yield Grades at 6.3 percent
YG 1, 45 percent YG2 and 48.8
percent YG3. The third market group,
harvested May 13, 2004, contained
USDA Quality Grades at 50 percent
Choice, 45 percent Select and 5
percent Standard and USDA Yield
Grades at 65 percent YG2 and 35
percent YG3. The last market group,
harvested May 27, 2004, contained
USDA Quality Grades at 44.2 percent
Choice, 52.9 percent Select and 2.9
percent Standard and USDA Yield
Grades at 8.8 percent YG 1, 70.6
percent YG2 and 20.6 percent YG3.

Carcass value per hundredweight was
calculated by using the actual base
carcass price plus premiums and
discounts. Grid prices were: April 2,
2004 – $130 Choice YG3 base with
premiums of CAB $8, YG2 $2.50,
and discounts of Select minus $6 and
YG4 minus $20; May 5, 2004 –
$142.10 Choice YG3 base with
premiums of Prime $23.65, CAB
$6.12, YG1 $6.50, YG2 $2.50, and
discounts of Select minus $9.60,
Standard minus $11.90; May 13,
2004 – $146.72 Choice YG3 base
with premiums of YG2 $2.50, and
discounts of Select minus $12.40,
Standard minus $14.70; and May 27,
2004 – $143.08 Choice YG3 base
with premiums of YG2 $2.50, and
discounts of Select minus $15.25,
NR minus $17.55.
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Retail product value was calculated as
carcass weight, lb. * percent retail
product *(((carcass value per cwt/
100)/retail product yield)/retail
product markup), where retail
product yield = 0.65, and retail
product markup = 0.75. Percent retail
product value was calculated as 0.825
– (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 397 days of age and
1,262 pounds per head at harvest.
Overall pen-of-three average daily gain
was 3.40 pounds, while the weight
per day of age was 3.19 pounds. The
overall pen-of-three marbling score

Pen
Best Three 
Score Total

Average 
birth date

Average 
harvest 
weight

Average 
daily gain

Average 
weight per day 

of age
Marbling 

score

Average retail 
product value per 

day of age 

Average 
feeding profit 
or loss/head

1 3.57 16-Mar-03 1367.3 3.5443 3.3831 533.33 4.27 227.19
2 3.54 27-Apr-03 1210.7 3.8978 3.4343 496.67 4.13 155.41
3 3.51 12-Apr-03 1343.2 3.6922 3.4572 376.67 4.63 202.82
4 3.49 19-Apr-03 1343.2 3.7004 3.5193 426.67 4.32 224.04
5 3.47 25-Mar-03 1344.5 3.5192 3.2604 496.67 4.22 278.70
6 3.46 18-Apr-03 1277.7 3.7951 3.3159 443.33 4.23 228.23
7 3.43 21-Mar-03 1271.3 3.6865 3.2660 516.67 3.93 129.20
8 3.43 28-Mar-03 1286.8 3.7143 3.2810 480.00 4.05 187.22
9 3.43 22-Mar-03 1233.5 3.5141 3.0115 603.33 3.78 279.69
10 3.40 17-Apr-03 1311.3 3.3813 3.5252 413.33 4.29 136.01
11 3.36 25-Mar-03 1350.5 3.2377 3.3182 370.00 4.56 179.38
12 3.35 24-Mar-03 1339.0 3.3266 3.2074 446.67 4.23 223.72
13 3.35 17-Mar-03 1322.2 3.3952 3.4685 473.33 3.89 45.88
14 3.32 10-Mar-03 1335.9 3.2154 3.1709 446.67 4.19 198.22
15 3.30 17-Apr-03 1264.3 3.8671 3.4896 373.33 3.93 73.93
16 3.28 3-Apr-03 1269.0 3.7277 3.3336 430.00 3.80 95.40
17 3.27 7-Apr-03 1295.1 3.4580 3.3931 386.67 4.06 109.58
18 3.25 23-Mar-03 1267.1 3.4148 3.1708 443.33 3.92 139.79
19 3.25 13-Apr-03 1302.2 3.4746 3.3599 326.67 4.28 142.70
20 3.25 11-Apr-03 1271.5 3.3757 3.2623 406.67 4.04 166.66
21 3.25 14-Mar-03 1356.6 3.4393 3.1981 383.33 4.14 172.71
22 3.24 4-Mar-03 1274.6 3.3289 3.0544 480.00 3.84 172.93
23 3.21 27-Apr-03 1185.4 3.3793 2.9965 420.00 4.00 242.27
24 3.17 6-Apr-03 1308.7 3.2145 3.4106 363.33 3.99 86.43
25 3.14 10-Apr-03 1215.1 3.2323 3.2073 396.67 3.87 88.39
26 3.12 3-Apr-03 1189.1 3.1813 3.0304 463.33 3.65 111.31
27 3.11 13-Apr-03 1211.2 3.0613 3.1244 383.33 3.97 121.92
28 3.11 21-Apr-03 1165.3 3.3226 3.0269 416.67 3.74 183.16
29 3.10 19-Apr-03 1183.8 3.1767 2.9788 390.00 3.93 207.17
30 3.09 9-Apr-03 1306.5 3.3652 3.3173 296.67 4.03 123.32
31 3.09 4-Mar-03 1292.8 3.5385 3.1117 390.00 3.65 117.12
32 3.09 19-Apr-03 1145.1 3.4278 3.1833 413.33 3.56 49.40
33 3.08 15-Mar-03 1247.3 3.0011 2.9260 406.67 3.95 172.92
34 3.05 16-Mar-03 1308.4 3.5787 3.1493 360.00 3.60 132.20
35 3.04 1-Mar-03 1268.4 3.2763 2.9428 366.67 3.84 149.72
36 3.00 19-Mar-03 1187.5 3.2306 3.0410 440.00 3.35 3.42
37 2.96 1-Apr-03 1237.1 3.0725 3.0566 363.33 3.67 94.15
38 2.95 1-Mar-03 1264.9 3.5703 2.9576 370.00 3.40 75.35
39 2.95 20-Apr-03 1153.7 3.1580 2.8625 383.33 3.61 147.79
40 2.93 20-Mar-03 1202.9 3.1191 2.8590 406.67 3.48 135.09
41 2.75 22-Mar-03 1152.5 2.7842 2.7297 383.33 3.30 99.48
42 2.64 21-Apr-03 1123.3 3.4830 3.4067 296.67 2.59 -267.10

Average 3.21 31-Mar-03 1261.58 3.4019 3.1952 415.79 3.90 139.12
Standard 
Deviation 0.211 16.524     65.887        0.24 0.20 60.95 0.37 89.01

Table 1.  Feeding performance – 2003-2004 Dakota Feeder Calf Show Feedout

was 416 (low Choice/small marbling).
The retail product value averaged
$1,545.62 per head. The retail
product value divided by the day of
age averaged $3.90.

The highest combined index score
per pen of three was 3.57. While the
highest overall scoring pen did not
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place first in average daily gain,
weight per day of age, marbling score,
or percent of retail product value
divided by weight per day of age and
profit, the pen did rank first for
harvest weight of 1,368 pounds.
Correlation between the index score
total and profit was high (r = 0.6390).
Correlations between profit and
average daily gain, weight per day of
age, marbling score or percent of
retail product value divided by day
of age are shown in Table 2.

Profit or loss was calculated using
initial calf price as price per pound, $
= 147.6253 – (0.05781 * initial calf
weight). Profit or loss accounted for

initial calf price, feed, yardage,
veterinary, freight, brand inspection,
beef check-off, ultrasound and carcass
data collection costs. Interest costs on
cattle or feeding expenses were not
included in calculating profit or loss.
Final carcass value was assessed using
the actual grid pricing for the harvest
group.

Overall, cattle feeding provided a
$112.27 profit before interest was
included. However, the top profit
pen-of-three calves with superior
genetics returned $279.69 per head,
while bottom pen-of-three calves
returned minus $267.10 due to
death loss.

Implications
Superior carcass performance en-
hances calf value. Exceptional feedlot
performance measured by increased
weight gain and heavier carcass
weight also enhances calf value. North
Dakota beef cow herds produce calves
with exceptional average daily gains,
weight per day of age, marbling score
and retail product value. Feedout
projects provide a source of informa-
tion for cattle producers to learn
about genetics and discover cattle
value.

This project is conducted annually.
Information on consigning calves to
this feedout project is available by
contacting the Carrington Research
Extension Center at (701) 652-2951
or visiting the Dakota Feeder Calf
Show Web site, www.wrtc.com/
bnkfouru/DFCSPoster.htm.

Reviewed by
Ezra Aberle, Research Specialist/ Cropping
Systems – NDSU Carrington Research
Extension Center

John Dhuyvetter, Area Extension Livestock
Specialist – NDSU North Central Research
Extension Center

Jon Schoonmaker, Research Livestock
Specialist – NDSU Carrington Research
Extension Center

Table 2. Correlation between profit and various production measures.

Correlation coefficient

Profit and Index Score 0.6390
Profit and Average Birth Date -0.0837
Profit and Average Harvest Weight 0.4428
Profit and Average Daily Gain 0.0892
Profit and Weight Per Day of Age -0.1075
Profit and Marbling Score 0.4873
Profit and Percent Retail Product Value Divided By Day of Age 0.7301
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Effect of breed of sire on performance and
carcass characteristics of beef cattle
J. P. Schoonmaker1 and V. L. Anderson1

1Carrington Research Extension Center,
Carrington, N.D.

North Dakota State University

Summary
Five sire breeds have been used at
the Carrington Research Extension
Center dating back to 1987. Ten
Hereford bulls and five Tarentaise
bulls were used from 1987 to 1991,
24 Red Angus bulls were used from
1987 to 2004, 15 Limousin bulls were
used from 1992 to 2001, and three
South Devon bulls were used from
1998 to 2004. During this period, the
commercial herd was used for many
research studies under an intensive
management scenario.

All calves were weighed and bull
calves were castrated within 48 hours
of birth. Calves were weaned at
approximately 170 days of age, and
weights were adjusted to a constant
age of 205 days. Heifers were
retained for replacements to maintain
a herd of approximately 120 cows
at calving. Steers also were retained
and randomly allotted, along with
purchased calves, to various feedlot
trial treatments.

Limousin-sired bull and heifer calves
were the heaviest (P < 0.01) at birth,
whereas Hereford-sired calves were
the lightest at birth. Tarentaise-sired
calves were the heaviest (P < 0.01) at
weaning; South Devon- and Hereford-
sired calves were the lightest at
weaning. Limousin-sired calves were
the heaviest (P < 0.01) at slaughter,
dressed the highest percentage and
produced the heaviest carcasses.

Tarentaise- and Red Angus-sired
calves produced the best marbled
carcasses (P < 0.01); Hereford-, South
Devon- and Limousin-sired calves
produced the least marbled carcasses.
Limousin-sired calves produced
carcasses with the largest rib-eye area
(P < 0.01); Hereford-sired calves
produced carcasses with the smallest
rib-eye area. Limousin-sired calves
produced carcasses that were leanest
at slaughter (P < 0.01) as evidenced
by a low fat thickness and low yield
grade. Red Angus-sired calves pro-
duced carcasses that were fattest at
slaughter.

Introduction
More than 250 breeds of beef cattle
exist worldwide. More than 60 of
these breeds are present in the United
States, and approximately 20 consti-
tute a majority of the genetics utilized
in the United States for commercial
beef production. The breed or
combination of breeds used in a
breeding program has a significant
impact on the efficiency and profit-
ability of the beef enterprise. Breed
influences mature size, reproductive
efficiency and maternal ability of
the cow, as well as growth rate and
carcass characteristics of the calf.
Nutritional requirements and produc-
tion costs also are related to breed.
Therefore, selecting appropriate
breeds to be used in a breeding
program is an important decision for
beef cattle producers.

Several breeds, including Hereford,
Red Angus, Tarentaise, Limousin and
South Devon, have been used in a
commercial cross-breeding program at
the Carrington Research Extension
Center since 1979. No one breed
excelled in all traits that are important
for beef production. Cross-breeding
systems that exploit heterosis and
complementarity and match genetic
potential with market targets, feed
resources and climates provide the
most effective means of breeding for
production efficiency.
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In the past 25 years, considerable
research has been conducted to
characterize and compare the major
beef breeds in the United States. The
most comprehensive studies have
been conducted at the U.S. Meat
Animal Research Center in Clay
Center, Neb. Since 1970, more than
30 breeds have been evaluated in a
common environment and manage-
ment system for various performance
traits (Cundiff, et al., 2004). The
report presented here describes breed
differences for growth and carcass
characteristics from a closely managed
population of animals at the NDSU
Carrington Research Extension
Center.

Procedures
Five sire breeds have been used at
the Carrington Research Extension
Center dating back to 1987. Ten
Hereford bulls and five Tarentaise
bulls were used from 1987 to 1991,
24 Red Angus bulls were used from
1987 to 2004, 15 Limousin bulls were
used from 1992 to 2001 and three
South Devon bulls were used from
1998 to 2004. Sires were procured
from area breeders and natural
matings were allowed for 45 to 50
days (from early June to mid-July).

Cows were bred to a different breed
sire to maximize the positive traits of
the breeds used in the cross. Cows
calved from early March through late
April. Cows were fed in open dry-lot
pens with fenceline bunk feeding
throughout the year. Cows were used
in research trials evaluating North
Dakota feeds, crop residues, co-
products and management strategies
at various times of the year. When not
on a trial, cows were fed a least-cost
ration consisting of co-product feeds
available in the region.

All calves were weighed and bull
calves were castrated within 48 hours
of birth. Calves were weaned at

approximately 170 days of age, and
weights were adjusted to a constant
age of 205 days. Heifer calves were
retained in the herd for replacements.
Steers also were retained and ran-
domly allotted, along with purchased
calves, to various feedlot trial treat-
ments.

Steers were implanted and fed in
open dry-lot pens. Steers were fed a
growing ration for approximately
three months with high-grain finishing
diets offered until marketing, gener-
ally in April. Cattle were marketed
after a similar amount of time on
feed and were slaughtered at various
packing plants. Carcass data was
collected to support research trial
objectives specifically linked to meat
quality.

Data were pooled across years and
subjected to a one-way analysis of
variance in a completely randomized
design using the GLM procedures of
SAS (Version 8.0; SAS Institute Inc.,
Cary, N.C.). The model included
effects due to breed of sire, and the
individual animal was the experimen-
tal unit. Effect due to breed of dam
was not included in the model.

Results and Discussion
Birth weight (781 steers and 800
heifers), weaning weight (539 steers),
slaughter weight (444 steers) and
carcass information (284 steers) for
the various breed groups are summa-
rized in Table 1. Limousin-sired bull
and heifer calves were the heaviest
(P < 0.01) at birth, whereas Hereford-
sired calves were the lightest at birth;
Red Angus-, South Devon- and
Tarentaise-sired bulls and heifers had
birth weights intermediate to
Limousin and Hereford. Tarentaise-
sired calves were the heaviest (P <
0.01) at weaning, followed by Red
Angus- and Limousin-sired calves;
South Devon- and Hereford-sired
calves were the lightest at weaning.
Limousin-sired calves were the
heaviest (P < 0.01) at slaughter,
dressed the highest and produced the
heaviest carcasses. Red Angus-, South
Devon-, Tarentaise- and Hereford-
sired calves ranked second, third,
fourth and fifth, respectively, for
slaughter weight, hot carcass weight
and dressing percentage.

Tarentaise- and Red Angus-sired
calves produced the best marbled
carcasses (P < 0.01); Hereford-, South

Table 1. Effect of sire breed on performance and carcass characteristicsa.

Red South
 Hereford Limousin Angus Devon Tarentaise SE P <

Heifer calf
birth weight, lb   83.7c    90.2d   87.2e   89.4de    84.5ce  1.6    0.01

Bull calf
birth weight, lb   87.5c   104.6d   93.6ce   94.8ce    98.2de  3.7    0.01

Adjusted weaning
weight, lb  564.5c   609.7d  622.0d  568.1e   669.4e  9.2    0.01

Slaughter weight, lb  990.9c  1156.3d 1135.4d 1100.9e  1078.5e   12.8    0.01
Hot carcass weight, lb  549.5c   720.9d  689.9e  654.5f   621.9g   12.3    0.01
Dressing percent   56.7c    61.0d   59.9e   59.9e    58.1f  0.4    0.01
Marbling scoreb   301.0c   283.1c  342.4d  298.2c   363.3d   13.6    0.01
Rib-eye area, in2    10.6c    13.1d   11.7e   12.2f    11.4e  0.2    0.01
Kidney, pelvic,

heart fat, %     1.7c     2.5d    2.4d    2.4d     2.2e  0.1    0.01
Fat thickness, in     0.37c     0.33c    0.44de    0.39ce     0.37c  0.02    0.01
Yield grade     2.5c     2.4c    2.9d    2.5c     2.6c  0.1    0.01

aBirthweight for steers and heifers, remaining values for steers only.
bSelect+ = 250 - 299, Choice- = 300 - 399, Choiceo = 400 - 499. 
cdefgWithin a row means without a common superscript differ (P < 0.05).
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Devon- and Limousin-sired calves
produced the least marbled carcasses.
Limousin-sired calves produced
carcasses with the largest rib-eye
area (P < 0.01) followed by South
Devon-sired calves. Red Angus- and
Tarentaise-sired calves produced
carcasses with the third largest rib-eye
area; Hereford-sired calves produced
carcasses with the smallest rib-eye
area.

Hereford-sired calves had the lowest
percent KPH (P < 0.01); Limousin-,
Red Angus- and South Devon-sired
calves had the greatest percent KPH.
Tarentaise-sired calves had an inter-
mediate amount of percent KPH.
Red Angus-sired calves produced
carcasses that were the fattest (P <
0.01) at slaughter. South Devon-,
Tarentaise- and Hereford-sired
calves produced carcasses that were
intermediate in fat level.

Red Angus, Hereford and South
Devon are characterized as “British
breeds” because they were developed
in the British Isles. Angus and
Hereford were brought to the United
States in the late 1700s through the
late 1800s; South Devon cattle were
introduced into the United States in
the 1970s. Limousin and Tarentaise
are referred to as “continental Euro-
pean breeds” because they were
developed in Europe, France specifi-
cally. Continental breeds were
imported into the United States in
the early 1970s, primarily to improve
the growth rate and leanness of
existing breeds.

British breeds generally are smaller in
stature, reach mature size at an earlier
age, have less growth potential, excel
in fertility and calving ease, and
attain higher quality grades and yield
carcasses with a lower percentage
of saleable product, compared with
Continental breeds. For the most
part, calves raised at the CREC follow
these trends, with some exceptions,
possibly due to extensive cross-
breeding throughout the years.

Several criteria should be taken into
consideration when making breed
selection decisions: production
system, management ability, market
demands, quantity and quality of
feedstuffs available, climate, breed
complementarity, and cost and
availability of purebred seedstock.
The breeds chosen should produce
calves that are appropriate for their
end use and optimize producer
profitability. Cow-calf producers
interested in raising replacement
heifers may emphasize maternal traits,
such as milk production, mothering
ability, calving ease and small mature
size. Producers selling weaned calves
may want to use breeds that increase
growth rate and weaning weights.
Producers interested in retaining
ownership of their cattle through
slaughter may focus on breeds that
increase muscle mass or breeds that
improve marbling.

No one breed excelled in all traits that
are important for beef production.
Cross-breeding systems that exploit
heterosis and complementarity and
match genetic potential with market
targets, feed resources and climates
provide the most effective means of
breeding for production efficiency.
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Evaluation of performance and carcass quality of finishing
beef with natural feeding practices in North Dakota
V. L. Anderson1 and J. P. Schoonmaker1

1Carrington Research Extension Center,
Carrington, N.D.,
North Dakota State University

Summary
One hundred twenty-eight mixed-
breed steers (initial BW 720.0 ± 10.4
pounds) were used to determine the
effect of natural feeding practices on
steer performance, carcass character-
istics and cost of production. Cattle
were allotted by weight and source to
one of four diets: a conventional 85
percent concentrate diet containing
Rumensin® (Elanco, Greenfield, Ind.)
(C85), and three natural diets (N85,
N70 and N55) at respective concen-
trate levels) containing Bovi-Sacc®

(Alltech; Nicholasville, Ky.). The
concentrate portion of the diet
consisted of dry-rolled barley and
peas; the roughage portion of the diet
consisted of oat hay and corn silage.

Cattle were fed at the Carrington
Research Extension Center (CREC)
in 16 open dry-lot pens (eight steers
per pen; four pens per treatment), and
were slaughtered when body weight
for the treatment was estimated to
be 1,175 pounds. Slaughter weight
did not differ among treatments (P >
0.40). Steers fed the C85 and N85
diets spent the least (P < 0.01)
amount of time in the feedlot (154
days), and gained the fastest (P <
0.01, 3.07 and 2.93 pounds per day,
respectively). Steers fed the N55 diet
spent the most amount of time in the
feedlot (210 days), and gained the
slowest (2.26 pounds per day). Cattle
fed the N70 diet spent an intermedi-
ate amount of time in the feedlot (180
days) and gained 2.51 pounds per day.

Steers fed the N55 diet were the least
efficient (P < 0.01). Cattle fed the
N85 and C85 diets were the most
efficient (P < 0.01). Hot carcass
weight did not differ among treat-
ments (P > 0.15). Marbling score
tended to be (P = 0.06), and fat
thickness was (P < 0.01) greater for
cattle fed the C85 and N85 diets.
Rib-eye area tended (P = 0.07) to be
greatest for cattle fed the N85 diet
and lowest for cattle fed the N55 diet.
Yield grade tended (P = 0.06) to be
greatest for cattle fed the C85 diet,
and lowest for cattle fed the N70 diet.

Feed cost per hundredweight of gain
was $36, $37.66, $42.55 and $44.63
for cattle fed the C85, N85, N70
and N55 diets, respectively. To raise
beef profitably without ionophores,
producers can use Bovi-Sacc® in the
diet, which was effective in the 85
percent concentrate diet. Lower
energy diets would require a modest
premium for the animals for equal
income.

Introduction
Based on consumer preferences and
a growing concern over the use of
growth promoters in the animal feed
industry, natural beef programs have
expanded in recent years. “Natural” is
a widely used label that does not carry
legal connotations or infer specific
production practices. To some people,
natural means cattle are fed only on
grass; to others, natural may mean
nongenetically modified grains are
fed. To most, natural means no

To raise beef profitably without
antibiotics, producers need alternatives
to keep their animals healthy. Calves
fed Bovi-Sacc® performed the same
as calves fed an ionophore on an 85
percent concentrate diet. A modest
premium would be required to offset
increased feed and yardage costs for
lower energy diets.
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antibiotics, ionophores or implants
used. To raise beef profitably without
these products, producers need
alternatives to keep their animals
healthy and to promote growth.

Several different additives have been
developed that meet the “natural”
criteria, including yeasts, enzymes,
probiotics and fermentation products.
Some of the potential benefits
associated with yeast include im-
proved rumen fermentation and
increased feed digestion. Bovi-Sacc®

(Alltech, Nicholasville, Ky.) contains
a proven yeast product, as well as
lactic acid bacteria and mannan
oligosaccharide to enhance rumen
function in cattle.

Because North Dakota has abundant
supplies of non-GMO grains, includ-
ing barley, field peas and sunflower
meal, as well as a number of non-
GMO forages, producers in the state
have an excellent opportunity to profit
from the expanding natural beef
market. The objective of this study
was to compare performance, carcass
quality and economics of cattle fed
non-GMO-based diets containing
yeast with cattle fed a non-GMO-
based diet containing ionophores.

Procedures
One hundred twenty-eight cross-bred
steers (initial BW 720.0 ± 10.4
pounds) were allotted by weight and
source to one of four diets (Table 1):
conventional (85 percent concentrate,
rumensin in the diet), natural 85
(85 percent concentrate, Bovi-Sacc®

in the diet), natural 70 (70 percent
concentrate, Bovi-Sacc® in the diet)
and natural 55 (55 percent concen-
trate, Bovi-Sacc® in the diet). The
concentrate portion of the diet
consisted of barley and peas; the
roughage portion of the diet consisted
of oat hay and corn silage.

Cattle were fed at the Carrington
Research Extension Center (CREC)
in 16 open dry-lot pens (eight steers
per pen; four pens per treatment).
Each pen was equipped with auto-
matic waterers and fence-line bunks,
which allowed for 2 feet of bunk
space per head. Feed was delivered
as a totally mixed ration once daily.

Prior to feedlot entry, cattle were
vaccinated for protection against
IBR, BVD, BRSV, PI3 (Bovishield-4:
Pfizer, Exton, Pa.) and clostridia
(7-way + somnus: Pfizer, Exton, Pa.).
Health status of the cattle was moni-

tored daily. Rectal temperatures were
measured in animals that were visibly
anorexic, or had severe nasal mucous
drainage and rapid or labored breath-
ing. Any animal with a rectal tempera-
ture > 103.0 F was treated with one
of two antibiotics (Micotil: Elanco,
Indianapolis, Ind.; Baytril: Bayer,
Shawnee Mission, Kan.) according to
label instructions.

Micotil was used on first and second
pulls, followed by Baytril (single-day
therapy), if cattle were unresponsive.
Antibiotic treatment continued until
rectal temperature was below 103.0 F.
Cattle treated with antibiotics were
disqualified from receiving any
“natural” premium. Research proto-
cols regarding animal care followed
guidelines recommended in the Guide
for the Care and Use of Agricultural
Animals in Agricultural Research and
Teaching (FASS, 1998).

Cattle were slaughtered at Tyson
Foods (Dakota City, Neb.) when body
weight for the treatment was esti-
mated to be 1,175 pounds. Qualified
personnel determined fat thickness,
percentage kidney, pelvic and heart
fat, longissimus muscle area, and
USDA quality and yield grades 48
hours after slaughter. Hot carcass
weight was measured by the plant at
the time of slaughter.

Data were subjected to a one-way
analysis of variance in a completely
randomized design using the GLM
procedures of SAS (Version 8.0; SAS
Institute Inc., Cary, N.C.).

Results and Discussion
Cattle fed 85 percent concentrate
diets (conventional and natural) spent
the least (P < 0.01) amount of time
in the feedlot (154 days), followed by
cattle fed a 70 percent concentrate
natural diet (180 days) (Table 2).
Cattle fed the 55 percent concentrate
natural diet spent the most amount
of time in the feedlot (210 days).

Table 1. Conventional and natural diets used in evaluating feeding systems
for feedlot steers

 Conventional 85 Natural 85 Natural 70 Natural 55

Ingredients - - - - - - - - - - - - - - % DM basis - - - - - - - - - - - - - -
Barley      60.58      60.42      39.70      30.04
Field peas      12.91      12.88      12.67       8.27
Corn silage      15.30      15.27      22.53      22.06
Oat hay       9.40       9.36      23.06      37.63
Barley malt sprouts       1.39       1.40       1.38       1.35
Potassium chloride       0.20       0.20       0.20       0.20
Salt       0.12       0.12       0.12       0.11
Dicalcium phosphate       0.05       0.05       0.05       0.05
Vitamin A       0.01       0.01       0.01       0.01
Vitamin D       0.01       0.01       0.01       0.01
Vitamin E       0.01       0.01       0.01       0.01
Rumensin       0.017 --- --- ---
Bovi-Sacc® ---       0.267       0.267       0.257

Nutrient composition, %
Crude protein      13.75      13.80      13.23      12.59
Calcium       0.52       0.52       0.44       0.42
Phosphorus       0.37       0.37       0.31       0.25
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Final weight did not differ among
treatments (P > 0.06).

Average daily gain in Period 1 did not
differ among treatments (P > 0.28).
Cattle fed the 85 percent concentrate
diets (conventional and natural)
gained the most overall (P < 0.01).
Cattle fed the natural 55 percent
concentrate diet gained the least in
each period (P < 0.01) and overall
(P < 0.01). Daily dry matter intake
did not differ at any point during the
trial (P > 0.29).

Overall, cattle fed the 85 percent
concentrate diets (both conventional
and natural) were the most efficient
(P < 0.01), followed by cattle fed the
70 percent concentrate diet. Cattle
fed the natural 55 percent concentrate
diet were the least efficient overall.

Hot carcass weight did not differ
among treatments (P > 0.62). Fat
thickness was (P < 0.02) greatest for
cattle fed the 85 percent concentrate
diets (both natural and conventional),
compared with cattle fed the natural
70 percent and 55 percent concen-
trate diets. Rib-eye area tended
(P < 0.08) to be greatest for cattle fed
the natural 85 percent concentrate
diet and lowest for cattle fed the
natural 55 percent concentrate diet.
Yield grade did not differ among
treatments (P > 0.27).

Feed and yardage cost per hundred-
weight of gain was based on a five-
year historical average (Haugen, et al.,
2004) of North Dakota feed prices
(rolled barley - $1.74/bushel; grass
hay - $36.40/ton) or an average of
price paid for feedstuffs (rolled peas -
$3/bushel; corn silage - $25/ton;
feedlot supplement - $275/ton;
Bovi-Sacc® - $29.71/hundredweight).
Yardage was calculated as 25 cents/
head/day. Cattle fed the conventional
85 percent concentrate diet cost
$36/head/hundredweight of gain,

compared with $37.66/head/hundred-
weight of gain for cattle fed the
natural 85 percent concentrate diet.

The added cost primarily is due to a
numerically lower rate of gain for
cattle fed the 85 percent concentrate
natural diet. Cattle fed the natural 70
percent and natural 55 percent diets
cost $42.55 and $44.63 per head per
hundredweight of gain, respectively.
Higher forage diets, although creating
a cheaper diet on a daily basis,
contributed to lower gains, more days
on feed, and as a result, higher cost
per pound of gain.

All treatments had cattle that were
treated because of sickness (from
6.3 percent to 9.7 percent of cattle).

Results of this study indicate that a
commercial product containing yeast
is as effective as an ionophore at
enhancing performance of cattle fed
85 percent concentrate diets; how-
ever, a modest premium would be
required to offset increased feed and
yardage costs for lower energy diets.
Decreased performance seen in
natural diets containing 55 percent
and 70 percent concentrate is due
to the higher forage content.

Table 2. Effect of natural feeding on performance and carcass characteristics
of steers.

 C-85 N-85 N-70 N-55 SE P-value

Days on feed 154a 154a 180b 210c 0.0 0.01
Weight, lb

Dec. 10, 2003 725.1 715.5 718.0 714.9 10.4 0.99
Jan. 15, 2004 828.5 811.2 812.5 806.8 11.2 0.94
Feb. 19, 2004 941.1 913.1 908.3 890.5 11.6 0.61
March 25, 2004 1056.4 1030.3 1017.2 985.9 13.4 0.37
April 29, 2004 1168.1 1129.4 1098.3 1059.7 13.5 0.06
Slaughter 1198.5 1166.6 1171.0 1190.1 14.3 0.78

Average daily gain, lb/d
Period 1 2.87 2.66 2.63 2.55 0.12 0.43
Period 2 3.22a 2.91b 2.74b 2.39c 0.11 0.01
Period 3 3.30 3.35 3.11 2.73 0.13 0.14
Period 4 3.19a 2.83a 2.32b 2.11b 0.10 0.01
Overall 3.07a 2.93a 2.51b 2.26c 0.07 0.01

Dry matter intake, lb/d
Period 1 19.6 18.9 18.9 18.3 0.2 0.49
Period 2 20.2 19.4 20.8 19.7 0.2 0.57
Period 3 21.4 22.1 21.6 20.5 0.2 0.31
Period 4 24.3 23.9 23.0 22.8 0.2 0.29
Overall 21.7 21.4 21.7 22.0 0.1 0.80

Feed efficiency, lb/lb
Period 1 6.8 7.1 7.1 7.2 0.6 0.84
Period 2 6.3a 6.7a 7.6b 8.2b 0.4 0.01
Period 3 6.5 6.6 6.9 7.5 0.5 0.31
Period 4 7.6a 8.4a 9.9b 10.8b 0.5 0.01
Overall 7.0a 7.3a 8.6b 9.7c 0.5 0.01

Cost/cwt of gain, $d 36.00 37.66 42.55 44.63
Cattle treated, % 6.3 9.7 6.5 6.3
Hot carcass weight, lb 707.4 690.0 687.3 678.0 9.7 0.62
Marbling scoree 454.7 481.2 421.4 421.6 18.9 0.16
% Choice 75.0 69.8 59.3 62.8 9.1 0.67
Fat thickness, in 0.46a 0.43a 0.36b 0.32b 0.02 0.02
Rib-eye area, in2 11.9 12.1 11.8 11.4 0.2 0.08
Kidney, pelvic, heart fat, % 2.3a 2.2a 1.8b 2.3a 0.1 0.01
Yield grade 2.97 2.77 2.58 2.70 0.1 0.27

abcMeans within a row without common superscripts differ.
dRolled barley ($1.74/bushel), rolled corn ($2.05/bushel), rolled peas ($3/bushel), corn silage
 ($25/ton), grass hay ($40/ton), supplement ($275/ton), Bovi-Sacc (29.71/hundredweight),
 Yardage (25 cents/head/day).
eSlight = 300 to 399, small = 400 to 499, modest = 500 to 599.
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Offal disposal methods in North Dakota meat processing plants:
results from a survey of meat processors in North Dakota
T. Rime1, W. Eide1, K. Odde2, T. Maddock2 and G. Lardy2

1North Dakota Agricultural Innovation
Center
2Department of Animal and Range Sciences,
North Dakota State University

Summary
North Dakota produces 16.35 million
pounds of offal annually. A total of
14.5 million pounds is renderable.
Beef, pork and bison offal are render-
able. Sheep, elk and deer offal are
not renderable. Offal production is
distributed equally between the east
and west halves of the state. However,
a sizable difference exists between
plants in the north and south. Plants
in the northern part of the state
produce about 43 percent of the offal,
while plants in the southern part of
the state produce 57 percent.

Introduction
Meat processing is an important
industry in North Dakota. One
potential problem that smaller
processors encounter is the lack of
market outlets for offal. The primary
objective of this survey was to provide
a statewide overview of offal produc-
tion in North Dakota. Data collected
consisted of the following:

• Amounts and types of offal

• Geographic distribution of offal

• Seasonal trends of production

• Current methods of offal disposal

No historical data is available, as a
survey of this type never has been
attempted in North Dakota. Addi-
tional information was collected on
storage methods and time offal was
stored on the premises. Data on hide
values and disposal was collected for
information only and does not appear
in these results. Cost of offal disposal
also was collected.

Materials and Methods
A list of all state and federally in-
spected slaughter plants was obtained
from the State Meat Inspection
Program of the North Dakota
Department of Agriculture. The
project consisted of physically visiting
each plant and completing an offal
production survey.

In 2004 North Dakota had 125 meat
plants (custom-exempt, state inspected
or federally inspected). Eight of these
plants do not produce offal, as they
mainly are food processors or other
related businesses. All 117 plants
producing offal provided data for this
report.

The one-page survey, which was
completed on site with the processors,
included the following main
categories:

• Slaughter data on cattle, hogs,
deer and other animals

• Current offal disposal methods

• Current storage methods

• Frequency of offal pickup and
length of time offal is on site

• Current cost of offal disposal

• Current method of hide disposal

All 125 contacts completed the survey.
Information was collected for this
report, as well as additional data to be
used in future cost analysis work.

Results
This report does not provide data
from the major hog processor in the
state (Cloverdale Foods Inc.), nor
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does it provide data from the major
bison processor in the state (North
American Bison Cooperative). These
firms were surveyed but data from
those surveys will not be disclosed to
protect confidentiality. Table 1 shows
pounds per species, with the number
of head listed under pounds.

The southeast region of the state leads
in the production of offal, followed by
the southwest, northwest and north-
east (Table 2). The southern part of
the state produces more offal – 8.49
million pounds versus 6.46 million
pounds, or 57 percent versus 43
percent, of the total offal produced.
However, if the state is divided into
east and west, the difference in

offal production is quite small (7.68
million pounds in the west versus
7.26 million pounds in the east, or
51 percent versus 49 percent).

Offal in North Dakota is disposed of
in three different ways. It is rendered,
deposited in a municipal landfill
or deposited in a private landfill
(described as anywhere on private
property).

North Dakota has only one opera-
tional rendering plant, Northwest
Rendering in Minot. This plant
processes only the porcine offal that
Cloverdale Foods produces and takes
no other species or outside product.

The balance of the renderable offal is
collected and processed in Minnesota.
Two companies pick up offal and
deliver it to plants in Minnesota. West
End Hide and Fur of Jamestown,
N.D., serves the central part of the
state and Central Bi-Products of
Redwood Falls and Long Prairie,
Minn., serves the eastern portion
of the state. In plants that Central
Bi-Products serves, all products are
transported to Redwood Falls or Long
Prairie for rendering. The majority of
the offal from plants in the western
part of the state is placed in landfills.

When the major hog and bison
processors are removed from the data
set, only 56 percent of the offal that
the remaining 115 plants produce is
rendered and 44 percent is deposited
in municipal and private landfills
(Table 3). This totals 7.24 million
pounds annually.

Most small plants in North Dakota
lack the volume necessary to be paid
for their offal. In nearly all cases,
the producers are paying to have the
offal disposed of and it is an expense
rather than an income source. This
puts these plants at a competitive
disadvantage with other plants where
rendering is more accessible. To
expand the meat processing industry
in North Dakota, this problem will
need to be addressed.

Table 2. Geographical location
of offal1.

Processed Renderable

Southeast 4,999,010 4,435,290
Southwest 4,262,028 4,054,618
Northeast 3,077,776 2,829,112
Northwest 4,007,771 3,628,921

TOTALS 16,346,585 14,947,941

1 Data from major processors not included to
protect confidentiality.

Table 3. Geographic distribution of offal disposal in North Dakota1.

Region Rendered Municipal landfill Private landfill

Southeast
All 4,235,796 472,208 291,006
Renderable 4,235,796 49,004 150,490

Southwest
All 1,887,421 1,001,173 1,383,434
Renderable 1,887,421 869,153 1,308,044

Northeast
All 2,713,754 139,258 224,764
Renderable 2,713,754 12,586 102,772

Northwest
All 280,728 2,508,594 1,218,449
Renderable 280,728 2,360,494 987,699

North Dakota
All 9,117,699 4,121,233 3,117,653
Renderable 9,117,699 3,291,237 2,549,005
Percent 55.8% 25.2% 19.0%

1Data from major processors not included to protect confidentiality.

Table 1. Offal production by species.

Beef Hogs1 Sheep Bison1 Deer Elk Box2

Southeast
Pounds 3,016,780 360,525 10,370 326,634 532,350 21,000 731,351
Head 5,660 3,135 170 707 10,647 140

Southwest
Pounds 3,361,631 376,395 15,860 192,192 173,250 18,300 124,400
Head 6,307 3,273 260 416 3,465 122

Northeast
Pounds 2,103,218 258,060 1,464 65,234 237,750 9,450 2,600
Head   3,946 2,244 24 41,007 4,755 63

Northwest
Pounds 3,032,770 344,195 0 216,216 338,500 40,350 35,740
Head 5,690 2,993 0 468 6,770 269

North Dakota
Pounds 11,514,399 1,339,175 27,694 1,200,276 1,281,850 89,100 894,091
Head 21,603 11,645 454 2,598 25,637 594

1Data from major processors not included to protect confidentiality.
2Renderable material from boxed beef and other products.
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