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N

orth Dakota State University, the
College of Agriculture, Food Systems,
and Natural Resources, and the Agricultural
Experiment Station are pleased to present the
2012 Beef Cattle Research Report. This report
provides the most recent results from research
related to beef cattle, beef products, and
environmental and range sciences from North
Dakota.
The beef research programs at the NDSU
main campus in Fargo and at the Research
Extension Centers across North Dakota
are dedicated to serving the producers and
stakeholders in North Dakota by developing
new knowledge and technology to improve
the management, efficiency, and production of
high-quality cattle and beef using sustainable
and safe approaches. This report includes
a broad range of research from on-campus
departments, schools and centers, as well as
Research Extension Centers across the state
and provides producers and stakeholders with
one document that contains all beef-related
research conducted at NDSU each year.
We wish to thank the federal, state and
industry sponsors who support our research
programs. Without this support, this research
would not be possible. We also wish to thank
all of the faculty, staff, and graduate and
undergraduate students who have contributed
to this work. We hope you enjoy this research
report, and we look forward to continuing to
serve the North Dakota beef industry in the
coming year and in the future.
Sincerely,
Ken Grafton, VP, Dean, and Director
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G

reetings from the NDSU Animal Sciences
Department and Research Extension
Centers across North Dakota. We are pleased
to present you with the 2012 NDSU Beef Cattle
Research Report.
This report represents the collective efforts of
scientists from the Research Extension Centers
as well as the Main Station departments. Our
scientists work hard to bring you meaningful
data, which you can use to improve profitability,
sustainability and efficiency on your beef cattle
operation. We are excited to be able to offer it to
you in one publication that contains the latest in
NDSU research.
Thanks again for your continued support of
NDSU Agriculture. We are proud to be part of
North Dakota’s beef industry.
Sincerely,
Greg Lardy, NDSU Animal Sciences
Blaine Schatz,
Carrington Research Extension Center
Bryan Neville,
Central Grasslands Research Extension Center
Kris Ringwall,
Dickinson Research Extension Center
Christopher Schauer,
Hettinger Research Extension Center
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Effects of realimentation after nutrient restriction during
early to late gestation on pancreatic digestive enzymes
F.E. Doscher1, E.A. Nere1, R.D. Yunusova1, L.E. Camacho1, C.O. Lemley1, K.A. Vonnahme1,
J.S. Caton1 and K.C. Swanson1

The objective of this study was to examine the effects of nutrient
restriction during early to midgestation on maternal pancreatic
growth and the functional capacity of its enzymes. The results
indicate that nutrient restriction during early and midgestation
may influence the content and concentration of pancreatic trypsin,
an enzyme involved in the initial digestion of protein passing to
the small intestine.

Summary
Forty-six pregnant multiparous
crossbred cows at 30 days of gestation were assigned randomly to one
of three dietary treatment groups:
1) 100 percent National Research
Council (NRC) recommendations
from day 30 to 254 of gestation
(CON; n = 18), 2) restricted to 60
percent NRC recommendations
from day 30 to 85 and then realimented (100 percent NRC recommendations) from day 85 to 254
of gestation (RES85; n = 16) and 3)
restricted to 60 percent NRC recommendations from day 30 to 140 and
then realimented from day 140 to
254 of gestation (RES140; n = 12). At
days 85, 140 and 254 of gestation,
cows were slaughtered and the maternal pancreas removed, trimmed
of mesentery and fat, weighed,
and a sample snap-frozen in liquid
nitrogen and stored at minus 80 C
until analysis for -amylase and
trypsin activity. Nutrient restriction from day 30 to 85 and nutrient
restriction from day 30 to 140 did
not influence pancreas weight or
trypsin and -amylase activity at
either of the day 85 or 140 slaugh1Department
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ters. At 254 days of pregnancy,
nutrient restriction from day 30 to
140, followed by realimentation,
resulted in decreased (P ≤ 0.10)
trypsin activity (U/lb pancreas and
U/lb BW) as compared with CON
cows, with cows restricted from
day 30 to 85 intermediate, although
pancreas weight and -amylase activity were not influenced by treatment. Therefore, nutrient restriction
during early and midgestation may
influence pancreatic trypsin activity and, potentially, the capacity to
digest protein later in gestation.

Introduction
Dietary changes, such as
changes in feed intake and composition, influence the production
and secretion of pancreatic digestive enzymes that are important in
digesting feed in the small intestine
in ruminants (Swanson and Harmon, 2002). Most of the research
on dietary effects on pancreatic
digestive enzymes in cattle has
been conducted using growing animals. Less is known about dietary
influences on pancreatic digestive
enzymes in mature cows.
While most of the current
research on nutrient restriction

during pregnancy focuses on the
developing fetus, considering the
maternal physiological effects associated with dietary changes also
is important.
Responses of the gastrointestinal tract to pregnancy and time
of gestation have been evaluated.
Some of these responses indicate
that, in times of nutritional stress,
the maternal body compensates
for the loss of nutrients to her
developing fetus by sacrificing
her own metabolic needs (Molle et
al., 2004 and Reed et al., 2007. We
hypothesize that pancreatic mass
and digestive enzyme activity are
decreased with nutrient restriction
in pregnant cows and may not fully
recover upon realimentation.

Procedures
Forty-six nonlactating crossbred multiparous cows were artificially inseminated and transported
within three days from the NDSU
Beef Cattle Research Center to the
Animal Nutrition and Physiology
Center (ANPC). Cows were trained
to use the Calan gate feeding system for measuring individual feed
intake.
All cows were fed grass hay to
meet or exceed NRC recommendations (NRC, 2000) until day 30 of
gestation, at which time the animals were allocated to one of three
treatment groups: 1) (CON; n = 18)
100 percent NRC recommendations from day 30 until end of the
experimental period, 2) (RES85; n =
16) 60 percent NRC recommendations from days 30 to 85, then realimented to 100 percent NRC recom-

mendations until the end of the
experimental period, 3) (RES140; n
= 12) 60 percent NRC recommendations from days 30 to 140 and then
realimented to 100 percent NRC
recommendations until the end of
the experimental period.
Diets were composed of grass
hay (86 percent dry matter [DM],
8 percent crude protein [CP], 68.5
percent neutral detergent fiber
[NDF] and 58 percent total digestible nutrients [TDN]). Intake was
adjusted every two weeks for body
weight (BW) and once a month
for diet dry matter to meet NRC
requirements according to the stage
of gestation. Mineral and vitamin
supplement was top-dressed three
times a week to meet or exceed
mineral and vitamin recommendations (NRC, 2000).
Animals were weighed every
14 days and diets were adjusted accordingly. Pregnancy was verified
on day 25 or 26 post-insemination
using transrectal Doppler ultrasonography. Cows were slaughtered
on day 85, 140 and 254, and the
pancreas wasremoved and weighed
immediately. A sample of pancreatic tissue was collected and snapfrozen in liquid nitrogen and then
stored at minus 80 C until further
analysis. Trypsin and -amylase
activity were measured kinetically
on a microplate reader. Enzyme activity is reported as units of activity
per pound of pancreatic tissue (U/
lb), total units of pancreatic activity (U/pancreas) and total units of
activity relative to maternal body
weight (U/lb BW).

Results and Discussion
At day 85 of gestation, nutrient restriction from day 30 to 85
(RES85) did not influence pancreas
weight or trypsin and -amylase
activity, compared with CON cows
(Table 1). At day 140 of gestation,

nutrient restriction from day 30 to
140 (RES140) or nutrient restriction from day 30 to 85 (RES85) did
not influence pancreas weight or
trypsin and -amylase activity,
compared with CON cows (Table
2). At 254 days of pregnancy (Table
3), nutrient restriction from day 30
to 140 (RES140) followed by reali-

mentation resulted in decreased
(P ≤ 0.10) trypsin activity (U/lb
pancreas and U/lb BW), as compared with CON cows, with cows
restricted from day 30 to 85 (RES85)
intermediate, although pancreas
weight and -amylase activity was
not influenced by treatment.
Pancreatic digestive enzymes

Table 1. Influence of nutrient restriction on pancreatic
digestive enzymes in pregnant cows at day 85 of gestation.
Treatment		
Item

Controla

RES85b

SEM

P-Value

BW (lbs)
1229
1188
61.01
0.65
Pancreas weight				
lbs
0.80
0.90
0.08
0.39
% of BW
0.07
0.08
0.01
0.18
Trypsin				
U/lb
536
350
95.34
0.19
U/pancreas
433
333
70.3
0.34
U/lb BW
1.76
1.36
0.29
0.34
-Amylase				
kU/lb
92.2
62.7
12.85
0.14
kU/pancreas
78.0
61.6
12.51
0.37
U/lb BW
306
242
42.46
0.32
aFed

bFed

at 100 percent of NRC recommendations from day 30 to 85.
at 60 percent of NRC recommendations from day 30 to 85.

Table 2. Influence of nutrient restriction and realimentation on
pancreatic digestive enzymes in pregnant cows at day 140 of gestation.
Treatment
Item

Controla

RES140b

RES85c

SEM

P-Value

BW (lbs)
1331
1166
1276
55.7
0.14
Pancreas 					
lbs
1.04
0.88
0.84
0.07
0.16
% of BW
0.08
0.07
0.07
0.01
0.15
Trypsin					
U/lb
445
436
790
127.12
0.16
U/pancreas
463
377
665
117.07
0.27
U/lb BW
3.52
4.07
6.62
1.08
0.16
-Amylase					
kU/lb
73.1
70.4
46.3
21.02
0.65
kU/pancreas
73.5
62.2
40.0
19.7
0.53
U/lb BW
268
266
152
77.66
0.54
aFed

at 100 percent of NRC recommendations from day 30 to 140.
at 60 percent of NRC recommendations from day 30 to 140.
cFed at 60 percent of NRC recommendations from day 30 to 85 and 100 percent
   of NRC recommendations from day 85 to 140.
bFed
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Table 3. Influence of realimentation on pancreatic digestive enzymes
in pregnant cows at day 254 of gestation.
Treatment				
Item

Controla

RES140b

RES85c

SEM

P-Value

BW (lbs)
1342
1331
1362
58.3
0.94
Pancreas					
lbs
1.04
0.86
1.14
0.09
0.11
% of BW
0.08
0.07
0.08
0.01
0.18
Trypsin					
U/lb
418d
200e
327de
63.56
0.09
d
e
U/pancreas
435
177
371d
72.4
0.06
U/lb BW
3.39d
1.58e
2.57de
0.55
0.10
-Amylase					
kU/g
44.5
43.6
45.9
4.95
0.95
kU/pancreas
46.2
39.2
53.1
7.22
0.45
U/lb BW
168
144
187
23.98
0.49
aFed

at 100 percent of NRC recommendations from day 30 to 254.
bFed at 60 percent of NRC recommendations from day 30 to 140 and 100 percent
    of NRC recommendations from day 140 to 254.
cFed at 60 percent of NRC recommendations from day 30 to 85 and 100 percent
   of NRC recommendations from day 85 to 140 to 254.
deMeans with uncommon superscripts differ (P < 0.10).

function in nutrient digestion
in the small intestine. Trypsin is
responsible for the initial digestion of protein passing to the small
intestine, whereas -amylase is
responsible for digestion of starch
passing to the small intestine.
Protein digestion in the small
intestine is important because it
serves as the primary method of
supplying amino acids to the cow.
Typically in ruminants fed forage
diets, very little starch passes to
the small intestine and is available
for digestion. Therefore, pancreatic
-amylase secretion likely does not
play a large role in digesting feed
passing to the small intestine.
Recent research has suggested
that nutrition during pregnancy
can influence fetal and postnatal
development of the offspring. Less

6  

2012 North Dakota Beef Report  

is known about potential physiological effects on the gestating
cow. Results from this experiment
suggest that nutrient restriction
generally did not influence pancreas weight or the concentration
or content of pancreatic trypsin or
-amylase activity.
However, pancreatic trypsin
activity was reduced at day 254 of
gestation in cows that had been
nutrient-restricted from day 30 to
140 (RES140) of gestation, followed by a period of realimentation. Therefore, nutrient restriction
from early to midgestation may
influence pancreatic function and,
potentially, digestive efficiency
later in gestation. Overall, feeding
strategies during early and midgestation could program or alter the
digestive physiology of the cow
later in gestation.
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The effects of alternate-day feeding of dried distillers
grains plus solubles on intake and performance in beef cows
during mid to late gestation
S.I. Klein1, P.L. Steichen1, A. Islas1, R.S. Goulart1, T.C. Gilbery1 and C.R. Dahlen1

The objective of the study was to evaluate the effects of alternateday feeding of dried distillers grains plus solubles on intake and
performance in beef cows during mid to late gestation. Feeding
only dried distillers grains plus solubles (DDGS) on alternate
days decreased overall forage dry-matter intake (DMI) without
negatively impacting cow weight, body condition score and body
composition characteristics. If the cost of DDGS was low enough
to offset forage costs, producers would be able to use this novel
strategy to decrease feed costs (roughly 20 percent less forage used
compared with other supplement strategies) without negatively
impacting cow performance.

Summary
Forty-eight nonlactating pregnant beef cows in their last trimester of pregnancy were utilized in
a completely randomized design.
Cows were assigned randomly to
one of four dietary treatments: 1)
hay only Monday through Sunday
(CON; n=12); 2) hay and 0.4 percent
body weight (BW) DDGS Monday
through Sunday (DG7; n=12); 3)
hay daily and 0.93 percent of BW
DDGS on Monday, Wednesday and
Friday (DG3; n=11); and 4) hay only
on Tuesday, Thursday, Saturday
and Sunday and 0.93 percent of BW
DDGS only on Monday, Wednesday and Friday (DGA; n=11). The
feeding period lasted for 84 days,
with intake data collected continuously. At the initiation of the project
and every 28 days thereafter, cows
were weighed and carcass ultrasounds were obtained to measure
body composition change. Hay
1Department

of Animal Sciences, NDSU

DMI was least (P < 0.01) in DGA
(16.3 ± 0.7) pound/day) compared
with all other treatments. Final cow
BW was similar (P ≥ 0.8) among
treatments at the conclusion of the
study.

Introduction
In cow-calf production systems, feeding reproducing females
accounts for greater than 60 percent
of a beef producer’s annual production costs (Miller et al., 2007) and
is one of the main factors assessed
when determining profitability of
an operation. Therefore, to reduce
costs associated with feeding, cattle
producers may be able to implement management strategies that
optimize feed utilization while
meeting nutrient requirements.
Strategies include feeding
high-energy and/or protein feeds
with mid- to low-quality hay at
varying amounts and frequencies.
Dried distillers grains with solubles
(DDGS), which is a byproduct of

the ethanol industry, works well as
a supplement for forage-based diets. Several feeding trials have been
conducted that evaluate varying
amounts and frequencies of supplement delivery.
However, little data is available on the effects of feeding only
DDGS or forage on alternate days.
Therefore, we hypothesized that
the alternate-day feeding of DDGS
with moderate-quality grass hay
would alter forage intake without
causing detrimental loss of body
composition characteristics.

Procedures
Forty-eight nonlactating beef
cows in their last trimester of
pregnancy were maintained at the
North Dakota State University Beef
Cattle Research Complex in Fargo,
ND. All cows were evaluated for
the presence of a viable fetus via
transrectal ultrasonography and
tagged with a radio-frequency
identification tag upon arrival.
For two weeks after the cows
entered the facility, they were allowed to become accustomed to
the noise and movement of the
pneumatic feeding system. The
basal diet consisted of brome hay
chopped to pass through a 6-inch
screen and was fed approximately
every four hours starting at 8 a.m.
and ending at 8 p.m. Feeding multiple times per day was necessary
to accommodate ad libitum intake.
Distillers grains were fed in
two equal portions to decrease the
incidences of animals consuming
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more than their allotted amount of
DDGS. The feeding period consisted of 84 days, with weights and
carcass ultrasounds conducted
every 28 days.
On day one, cows were
weighed and carcass ultrasounds
were obtained. Cows were assigned randomly to one of four
dietary treatments: 1) hay only
Monday through Sunday (CON;
n=12); 2) hay and 0.4 percent BW
DDGS Monday through Sunday
(DG7; n=12); 3) hay daily and 0.93
percent of BW DDGS on Monday,
Wednesday and Friday (DG3;
n=11); and 4) hay only on Tuesday,
Thursday, Saturday and Sunday
and 0.93 percent of BW DDGS only
on Monday, Wednesday and Friday
(DGA; n=11). On each day, hay was
delivered multiple times to cows in
treatments receiving hay to ensure
ad libitum intake.
Intake data for hay and DDGS
were monitored continuously and
data were collected daily for the
duration of the 84-day feeding trial
using the Insentec B. V. roughage
intake control system (Insentec
Marknesse, the Netherlands).
From the saved images taken from
ultrasound scans, the percentage
of intramuscular fat (IMF), rib-eye
area in inches squared (REA), rib
fat in inches (RBFT) and rump fat
in inches (RMFT) were determined.
After the completion of the
study, the change in body composition scan measurements and BW
were calculated by subtracting the
final parameters measured on day
84 from the measurements taken on
day one.

Results and Discussion
Total hay DMI per day was
less (P ≤ 0.02) for DGA, compared
with all other treatments (Table 1).
In addition, hay DMI was less (P
≤ 0.01) for DG3, compared with
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Table 1. Intake and efficiency characteristics of gestating beef cows fed
ad libitum grass hay and varying frequencies of supplemental dried distillers
grains plus solubles.
Treatment1
Item

CON

DG7

DG3

P-value
DGA

SEM

Trt

Intake, lb/d						
Hay
22.7c 21.2bc 20.1b
16.3a 0.73 <0.0001
Dried distillers grains
plus solubles
0.0a
6.6b
6.4b
6.2b
0.20 <0.0001
a
b
b
Total dry-matter intake 22.7
27.8
26.5
22.5a 0.78 <0.0001
Performance
Initial body weight, lb 1448.6 1422.8 1441.4 1437.0 38.6
0.97
Final body weight, lb
1511.3 1559.3 1582.2 1546.5 48.9
0.77
1CON

= hay only; DG7 = hay and DDGS seven days/week; DG3 = hay seven
   days/week and DDGS on Monday, Wednesday and Friday; DGA = hay only on
   Tuesday, Thursday, Saturday and Sunday or DDGS only on Monday, Wednesday
   and Friday
abcMeans within row lacking common superscripts differ (P < 0.05)

CON, whereas DG7 was intermediate. This decrease in hay intake for
DGA was similar to results from a
previous study (Klein et al., 2012)
in which we saw a decrease in hay
intake for forage-fed steers supplemented with the DGA strategy
compared with steers supplemented daily, steers on alternate
days with ad libitum hay intake or
unsupplemented steers.
However, the similar forage
intake observed for DG7 and CON
in the current study is in contrast
to our previous study. This increase
in forage intake for DG7 for the
current study may be due to the
quality of hay (5.9 percent crude
protein [CP], 76.4 percent neutral
detergent fiber [NDF] and 46.6
percent acid detergent fiber [ADF])
in this experiment because it is of
reduced quality compared with the
previous experiment (16.1 percent
CP, 64.1 percent NDF and 35.8 percent ADF).
The fact that forage intake increases in beef cattle when a protein
supplement is provided in conjunction with a low-quality hay is

well documented (DelCurto et al.,
1990a; Köster et al., 1996; Bandyk et
al., 2001). This is usually due to an
increase in digestibility of the lowquality forage with the inclusion of
the protein in the supplement.
Cow body weights were similar at the initiation and conclusion
of this study (P ≥ 0.77). Change in
BCS, IMF, RBFT and RMFT were
all similar among treatments (P ≥
0.24). However, REA in cows fed
with the DG7 strategy had a greater
(P ≤ 0.05) increase in REA, compared with all other treatments.
In an experiment utilizing
beef cows fed grass hay (CP 12.1
percent) with added vitamins and
minerals to meet maintenance
requirements (control) or millet hay
(9.9 percent CP), with half of the
control diet vitamins and minerals
(restricted), cows on the restricted
diet had decreased RBFT, IMF and
REA by day 59 of gestation, compared with cows fed the control
diet (Miller et al., 2004).
In the current study, however,
no changes occurred in IMF, RBFT
and RMFT, which agrees in part

with the findings of the previous
studies. However, in our study, the
change in rib-eye area was greater
(P < 0.05) for cows fed DG7 (0.98
in2), compared with cows fed DG3
(-0.14 in2), DGA (-0.16 in2) and
CON (-0.95 in2). This decrease in
REA for DG3 and DGA was unexpected because these two treatment
groups were similar in all other
carcass traits compared with DG7.

Conclusions
Alternate-day feeding of DDGS
and grass hay every other day
decreased forage intake, compared
with all other treatments, without
negatively influencing body composition characteristics except for
REA, which was reduced compared
with animals receiving supplement daily. This reduction in forage
intake would be of great benefit in
years of short forage supply.
Within the confines of the

current study, implementing the
strategy of alternate-day feeding of
DDGS and grass hay every other
day to mid- to late-gestation beef
cows was accomplished without
causing deleterious effects to overall cow performance.
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Evaluation of skeletal frame score and a forage-based
stairstep development system on replacement heifer growth
and reproductive performance
D.G. Landblom1, S. Senturklu2 and G.A. Perry3

The objective of this project was to evaluate growth and
reproductive performance between two heifer frame score groups
using a forage-based stairstep development system. Grazing and
stairstep energy management can be used to develop small- and
large-frame heifers to 57 percent of mature body weight with high
reproductive success.

1Dickinson

Research Extension Center, NDSU
Onsekiz Mart Universitesi, BMYO, Biga/Canakkale, Turkey
3Department of Animal and Range Science, South Dakota State University
2Canakkale

Summary
One hundred small-frame (SF;
n = 50; DREC historical mature
weight 1,220 pounds) and largeframe (LF; n = 50; DREC historical mature weight 1,470 pounds)
heifers were developed to breeding
weight for May-June calving using
an extensive forage-based stairstep
energy management program.
Dormant-season energy restriction
(unharvested corn, corn residue
plus supplemental hay), spring2012 North Dakota Beef Report  9

crested wheatgrass pasture and an
85-day alfalfa/coproduct dry lot
growing/breeding period were
used to manage dietary energy.
Average daily gain during the
three distinct energy periods was
period 1 (October-May): 0.56 and
0.47 (P = 0.19); period 2 (May-July):
1.03 and 1.34 (P < 0.01); and period
3 (July-September): 1.86 and 2.11
(P = 0.09) pounds/day for the SF
and LF heifers, respectively. At
the end of the dormant season in
May, the SF heifers were 49 percent of mature body weight (BW)
at 596 pounds and the LF heifers
were 47 percent of mature BW (687
pounds). However, at the start of
the breeding season in August, the
SF heifers were 58 percent of mature BW (705 pounds) and the LF
heifers were 57 percent of mature
BW (841 pounds), and based on
blood progesterone assay, 90 percent of the SF heifers and 96 percent
of the LF heifers were pubertal.
In the dry lot, SF heifers consumed 20.1 percent less feed (P <
0.01) and development cost was
16.2 percent lower (P = 0.03). Feed
efficiency (P = 0.41) and feed cost/
pound of gain did not differ (P =
0.41), but the ratio of rib-eye area
per 100 pounds of BW was greater
among the SF heifers (P = 0.78).
First, second and third breeding
cycle pregnancy rates and the total
percent of heifers pregnant did not
differ and were 86 percent and 84
percent for the SF and LF heifers,
respectively (P = 0.62).
This study suggests that high
reproductive performance can be
obtained using low- and highquality forages to manage dietary
energy intake when developing
heifers to 57 percent of mature BW.

Introduction
Traditionally, heifers are grown
to 60 to 65 percent of mature BW
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using high-energy diets to encourage early puberty (Short and
Bellows, 1971) and multiple estrous
cycles (Byerley et al., 1987), but using a fluctuating energy “stairstep”
approach has been shown to
improve conception and pregnancy
rates, compared with constant
rates of gain (Patterson, et al., 1992;
Marston, et al., 1995; Poland and
Ringwall, 2001).
Funston and Deutscher (2004)
reported lower cost by reducing
breeding target weight to 53 to
58 percent of mature BW while
grazing lower-quality forages
with supplementation. Freely et al.
(2011) reported that 56 to 58 percent
of mature BW at puberty, for Bos
Taurus, was optimal.
This study was conducted
to evaluate the effect of a foragebased, stairstep energy management system on the reproductive
performance of small- and largeframed heifers grown to a breeding
target weight of 57 percent.

Procedures
The experimental protocol was
approved by the North Dakota
State University Animal Care and
Use Committee.
One hundred heifer calves originating from two separate frame
size cow herds were weaned the
second week of October 2010 and
assigned to small (SF ≤ 4.3 frame
score) or large (LF ≥ 4.4 frame
score) frame development groups.
The heifer development timeline is
shown in Table 1.
During a 209-day period be-

tween October and May, the heifers
were managed as a single group
grazing unharvested corn and corn
residue plus supplemental hay. After wintering on low-quality forage,
the heifers grazed crested wheatgrass pasture until July 6, 2011, and
then were sorted into frame score
treatments and dry lot pen replicates (five pen replicates; 10 heifers
per pen) for a 35-day heifer development feeding and 50-day breeding period.
The 85-day feeding period was
from July 6 to Sept. 29, 2011, and
the breeding period was from Aug.
11 to Sept. 29, for mid-May calving.
The ad libitum diet consisted of 80
percent alfalfa hay (18.4 percent
crude protein) and 20 percent of a
coproduct supplement (30 percent
dried distillers grains plus solubles,
30 percent barley malt sprouts,
15 percent wheat midds). Daily
dietary energy intake in the dry lot
was 8.99 and 10.8 megacalories of
net energy gain /day for the SF and
LF heifers, respectively.
Dormant season, spring grazing and dry lot growth performance, feed efficiency, rib-eye area
change and reproductive performance were measured.
Circulating progesterone concentration (May and August; two
blood samples collected 10 days
apart) was used to determine puberty, and a concentration greater
than 1 nanograms per milliliter
in either sample was interpreted
to indicate attainment of puberty.
Heifers in the study were bred
naturally, and the breeding cycle

Table 1. Heifer development timeline: stairstep feeding schedule.
Dormant Grazing
Period

Spring
Grazing Period

Oct. 13-May 10
May 10-July 6
209 Days
58 Days
			

Dry Lot Period

July 6 – Sept. 29
(85 Days)
Aug. 11 (Start Breeding)

pregnancy rate and overall pregnancy rate were determined using
a transrectal ultrasound cranial
width measurement taken 30 days
after the end of the 50-day breeding
season. The data were analyzed using the MIXED procedure of SAS.

Results and Discussion
This heifer development
study, summarized in Table 2, was

designed to evaluate a stairstep
energy system to determine the response among small-frame (SF) and
large-frame (LF) heifers predicted
to weigh 1,220 and 1,470 pounds,
respectively, as mature cows. As
a percentage of mature BW, heifer
weight at the start of the breeding
season was 57.8 and 57.2 percent
for SF and LF heifers, respectively.
Heifer gain and the percent-

Table 2. Heifer development system: frame score, growth performance,
feed efficiency and reproductive performance.
Small
Frame

Large
Frame

SE

P-Value

Number of heifers
50
50		
Heifer frame score
3.50
5.56
0.33
0.001
Dormant-season Residue Grazing
(Oct. 13-May10)				
Days
209
209
0.66
0.511
Weaning wt., lb
477
588
22.52
0.002
May 10, 2011 Wt., lb
596
687
21.02
0.003
Gain, lb
118.4
98.9
9.67
0.191
ADG, lb
0.56
0.47
0.045
0.187
Spring-crested Wheatgrass
Grazing (May 10-July 6)				
Days
58
58		
Start wt., lb
596
687
21.02
0.003
End wt., lb
655
765
22.46
0.001
Gain, lb
59
78
3.29
0.005
ADG, lb
1.03
1.34
0.06
0.004
Dry Lot Growth Performance
(July 6 to Sept. 29) 				
Days
85
85		
Start wt., lb
655
765
22.46
0.001
Start breeding (Aug 11), lb
705
841
24.33
0.001
End wt., lb.
813
944
28.68
0.001
Gain, lb
158
179
8.63
0.087
ADG, lb
1.86
2.11
0.10
0.087
Dry Lot Feed Efficiency
			
Feed/head/day (DM), lb
20.82
25.0
0.74
0.001
Feed/lb of gain (DM), lb
11.19
11.85
0.48
0.406
Feed cost/heifer, $
135.18 157.12
5.00
0.025
Feed cost/day, $
1.5906
1.913
0.056
0.001
Feed cost/lb of gain, $
0.8650 0.9102
0.037
0.413
Reproductive Performance 		
First cycle, %
62.0
70.0
9.33
0.528
Second cycle, %
16.0
10.0
4.78
0.402
Third cycle, %
8.0
4.0
3.88
0.486
Total, %
86.0
84.0
5.57
0.622

age of heifers that were pubertal
at the end of the dormant forage
grazing-restricted energy period
were low (SF – 18 percent; LF – 40
percent); however, by the start of
the breeding season in August, 90
percent of the SF and 96 percent of
the LF heifers were determined to
be pubertal (P = 0.07).
SF heifers consumed 20.1
percent less feed (P < 0.01) and the
feed cost was 16.2 percent less, and
n no difference was found in feed
efficiency (P = 0.41) or feed cost/
pound of gain (P = 0.41) between
the SF and LF heifers. First, second
and third breeding cycles and the
total percent pregnant did not differ (P > 0.10).
These results agree with those
reported by Funston and Deutscher
(2004), Martin et al. (2008) and
Freetly et al. (2011), suggesting that
heifers reaching 55 to 57 percent of
mature BW have similar pregnancy
rates as heifers grown to 60 to 65
percent of mature BW.
These data imply that a stairstepped heifer development system
that uses dormant-season crop
residues with supplemental hay as
a way to naturally restrict energy,
followed by elevated energy from
spring and early summer-crested
wheatgrass grazing and a foragebased dry lot breeding period can
be used to obtain acceptable reproductive performance.
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Effects of natural service and artificial insemination breeding
systems on pregnancy rates and days to conception
P.L. Steichen1, S.I. Klein1, Q.P. Larson1, K.M. Bischoff2, V.G.R. Mercadante2, G.C. Lamb2,
C.S. Schauer3, B.W. Neville4 and C.R. Dahlen1

The objectives of this study were to determine pregnancy rates and
days to conception in a breeding system that incorporates estrous
synchronization and fixed-time artificial insemination with the use
of cleanup bulls versus a traditional bull breeding system. For the
current experiment, cattle receiving a timed artificial insemination
had reduced days to conception; however, pregnancy rates
increased if cattle were cyclic at the start of the breeding season
when receiving a timed artificial insemination treatment versus
the noncyclic timed artificial insemination treatment group. Cattle
producers may observe improved pregnancy rates in cyclic cattle
than noncyclic cattle and also see a greater proportion of calves
born earlier in the calving season if they implement a fixed-time
artificial insemination protocol.

Summary
Crossbred beef cows and heifers (n = 480 and 86, respectively)
were used to compare the effects
of two breeding systems on pregnancy rates and days to conception.
1Department

Cattle were stratified by age and
body condition score (BCS), and
assigned randomly to one of two
treatments: 1) Females exposed to
natural service bulls for the duration of the breeding season (NS;

of Animal Sciences, NDSU
Florida Research and Education Center, University of Florida, Marianna
3Hettinger Research Extension Center, NDSU
4Central Grasslands Research Extension Center, NDSU
2North
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n = 284) or 2) females exposed
to estrous synchronization and a
fixed-time AI [d 0; 7-d Co-Synch +
CIDR (Busch et al., 200)], followed
by exposure to natural service
bulls for the duration of the breeding season (TAI, n = 282). Bulls
were introduced on day one and
both treatments were managed
as a cohort in the same pastures.
Blood samples were collected on
day minus 20 and minus 10 to
determine cyclic status. On day
49 and again at least 40 days after
bull removal from pastures, transrectal ultrasonography was used
to determine pregnancy status and
fetal age. Overall, 42.8 percent of
cattle were cyclic at the beginning
of the breeding season. Treatment
by cyclic status interactions (P <
0.01) were present for the proportion of cows detected pregnant on
the first pregnancy check (day 49),
the proportion of cows pregnant
at the end of the breeding season
and days from the beginning of
the breeding season to conception.

A greater proportion (P < 0.05) of
cyclic cattle in the TAI (88 percent)
had a viable fetus detected on the
first pregnancy check compared
with cyclic cattle in the NS treatment (74 percent), noncyclic cattle
in the TAI treatment (75 percent)
and noncyclic cattle in the NS treatment (77 percent). A greater proportion (P < 0.05) of cyclic cattle in
the TAI treatment (94 percent) was
pregnant at the end of the breeding
season, compared with noncyclic
cattle in the TAI treatment (84 percent), whereas cyclic (88 percent)
and noncyclic (89 percent) cattle in
the NS treatment were intermediate. Both cyclic (11.6 ± 1.4 d) and
noncyclic (14.5 ± 1.4 d) cattle in the
TAI treatment became pregnant
earlier in the breeding season (P <
0.05) compared with cyclic (19.9 ±
1.4 d) and noncyclic (17.9 ± 1.4 d)
cattle in the NS treatment. Breeding
systems for beef cattle that incorporated TAI altered pregnancy rates
and decreased days to conception,
compared with natural service
breeding systems.	 

Introduction
The area of production very
critical in terms of profit potential
in beef cow-calf operations is the
ability of a cow to give birth and
raise a healthy calf until weaning
(Dickerson, 1970). Reproductive
performance is variable among
herds (Larson et al., 2006; Dahlen
et al., 2010) and estimates indicate
the beef industry loses $2.8 billion
in revenue as a result of infertility
(Lamb et al., 2011). Incorporating
estrous synchronization (ES) and
AI into beef operations may result
in improved reproductive performance, weaning weight, carcass
quality and genetic value, along
with reduced calving difficulty
(Sprott, 2000).
The implementation of fixed-

time AI protocols has resulted in
similar pregnancy rates to protocols
that require heat detection (Lemaster et al., 2001) without added labor
for heat detection. These fixedtimed AI protocols allow every
cow in the herd an opportunity to
become pregnant on the first day of
the breeding season.
Experiments have used cleanup
bulls after the use of ES and AI
(Geary et al., 2001; Stevenson et al.,
1997) but lack the use of a traditional breeding system as a control.
Natural service with no ES protocol needs to be used as a control
to determine the overall effect of
an ES and AI breeding system.
For example, Sa Filho et al. (2009)
reported significantly greater pregnancy rates when AI and ES were
used compared with natural service
in Bos indicus cattle.
Due to the limited number of
studies comparing various breeding systems, the current experiment
was designed to examine reproductive efficiency in cattle treated to a
fixed-time AI followed by cleanup
bulls versus a natural service
breeding system. Moreover, these
findings will help cattle producers

better decide the management for
their operation.

Procedures
This project was approved by
the Institutional Animal Care and
Use Committee of North Dakota
State University. A combination of
crossbred Angus cows and heifers
(n = 566) were used in two locations: 1) Central Grasslands Research Extension Center (CGREC;
n = 86 heifers and n = 405 cows)
and 2) Hettinger Research Extension Center (HREC; n = 81 cows).
All animals were stratified by age,
BCS and days postpartum (cows
only), then assigned to one of two
treatments in a completely randomized design: 1) natural service (NS,
n = 284), exposed to natural service
bulls for the duration of the breeding season or 2) artificial insemination (TAI, n = 282), exposed to ES
[7-d Co-Synch + CIDR (Larson et
al., 2006)] and a fixed-time AI (day
0) followed by exposure to natural
service bulls (cleanup bulls) for the
duration of the breeding season.
Bulls were turned out to pastures with all cattle on day one, and
both treatments were managed as

Figure 1. Schematic of experimental treatments
Figure 1. Schematic of experimental treatments
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a cohort in the same pastures. All
bulls passed a breeding soundness
exam (Barth et al., 2000) and were
stocked at a rate of 30 cows/bull
and 15 heifers/bull. The breeding
season for the CGREC and HREC
was 49 and 63 days, respectively.
Blood samples for all females
were collected on day minus 20 and
minus 10 via coccygeal venipuncture into 10 milliliters Vacutainer
tubes containing sodium heparin
(BD, Franklin Lakes, N.J) and
analyzed for concentrations of progesterone. Cattle were considered
cyclic if progesterone levels were
greater than 1 nanogram per milliliter (ng/mL) (Perry et al., 1991).
Transrectal ultrasonography
(Aloka 500 with a 5 MHz linear
probe) was used to determine the
presence of a viable fetus on day 49
(to determine if pregnancy was due
to AI) and again at least 40 days
after the bulls were removed from
breeding pastures. The crownrump length of each fetus identified
was measured as a determinant of
fetal age.

Results and Discussion
At the initiation of the breeding season, 42.8 percent of all cattle
were cyclic. The mean days postpartum was 65.6 days (range of 21
to 99 days) for suckled cows at the
time of 0 (the day of AI for cattle in
the TAI treatment). Treatment by
cyclic status interactions (P < 0.01)
were observed for the proportion
of cows detected pregnant on day
49, the proportion of cows pregnant
at the end of the breeding season
and days from the beginning of
the breeding season to conception
(days to conception).
A greater proportion (P < 0.05)
of cyclic cattle in the TAI treatment
(88 percent, 104 of 118) had a viable
fetus detected on day 49 of the
breeding season, compared with
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cyclic cattle in the NS treatment (74
percent, 88 of 119), noncyclic cattle
in the TAI treatment (75 percent,
122 of 163) and noncyclic cattle in
the NS treatment (77 percent, 120
of 156).
Geary et al. (2001) reported
no difference in TAI pregnancy
rates between cyclic and non-cyclic
cattle receiving two different ES
protocols. In contrast, Stevenson
et al. (1997) stated cyclic cattle
that receive ES and AI had greater
pregnancy rates to AI than noncyclic cattle.
Overall pregnancy rates to
the AI for cattle in the TAI treatment were 55 percent in the current study. The use of the ES and
AI allowed more cattle to become
pregnant on the first day of the
breeding season. This reduction in
the number of nonpregnant cows
at the start of the breeding season
would allow bull stocking rate to
be reduced. The bulls needed for an
operation that utilizes ES and AI on
a whole herd basis may be reduced
by half, recouping most, if not all,
expenses needed for ES and AI
(Johnson and Jones, 2008).
Producers should evaluate the
bull purchase price, maintenance
and health costs, and interest on
purchases and compare them with
the additional costs of ES and AI
to determine whether this is a
management practice that would
improve profitability for their
operation. In addition, nutritional
status of cattle and compliance
with ES protocol schedules need
to be excellent to obtain satisfactory pregnancy rates from AI and
cleanup bull breedings.
A greater proportion (P < 0.05)
of cyclic cattle in the TAI treatment (94 percent, 111 of 118) were
pregnant at the end of the breeding
season, compared with noncyclic
cattle in the TAI treatment (84 per-

cent, 136 of 162), whereas cyclic (88
percent, 105 of 119) and noncyclic
(89 percent, 140 of 157) cattle in the
NS treatment were intermediate.
Interestingly, fewer noncyclic cattle
in the TAI treatment were pregnant
at the final pregnancy check, compared with cyclic cattle in the TAI
treatment.
In contrast to our study,
Stevens et al. (1997) reported no
differences in final pregnancy
rates among cyclic and noncyclic
of cows and heifers that received
an ES protocol with an injection
of GnRH. Another note, although
different within the TAI treatment,
season-ending pregnancy rates
were similar between cattle in the
TAI treatment and cattle in the NS
treatment. This goes against a common theory that states ES protocols
may initiate cyclicity in a proportion of noncyclic cattle and result
in greater overall pregnancy rates
at the end of the breeding season
compared with a system of natural
service breeding.
The discrepancy between our
season-ending pregnancy rates
and stated theory require further
verification to substantiate common
industry claims.
Cyclic (11.6 ± 1.4 d) and noncyclic (14.5 ± 1.4 d) cattle in the TAI
treatment became pregnant earlier
in the breeding season (P < 0.05),
compared with cyclic (19.9 ± 1.4 d)
and noncyclic (17.9 ± 1.4 d) cattle
in the NS treatment. The decreased
days to conception are due primarily to the greater proportion of
cattle bred to AI on the first day of
the breeding season. The reduction
in days to conception potentially
could reduce the calving season
length and labor needed with a
more concentrated calving season
(Sprott, 1999).
However, the length of the
calving season is dictated by the

length of the breeding season. Rodgers et al. (2012) reported the calving date was altered by ES and AI,
but the length of the calving season
was not different, compared with
that of the natural service treatment. If days to conception are a
true indication of date of calving in
the current study, cattle in the TAI
treatment would have calves earlier
in the calving season with the potential to be heavier at weaning.
Cattle producers who implement a timed artificial insemination
breeding system may see reduced
days to conception and an increase
in their cyclic cattle pregnancy
rates. This study still is ongoing, and calving season and calf
performance will be evaluated to
determine the weaning and postweaning effects of the two different breeding systems. In addition,
cattle will be managed according to
their assigned breeding system for
multiple years to look at the longterm effects of AI breeding systems
compared with bull breeding.
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Effects of nutrient restriction in beef cows during early and
midgestation on maternal and fetal small-intestinal mass and
in vitro oxygen consumption
L.D. Prezotto1, L.E. Camacho1, C.O. Lemley1, J.S. Caton1, K.A. Vonnahme1, M. Kapphahn1,
M. Van Emon1, R.S. Goulart1, R.D. Yunosova1, T. Swanson1 and K.C. Swanson1

The objectives of this research were to examine the effects of
maternal nutrient restriction during early to midgestation on
maternal and fetal small intestinal mass and in vitro oxygen
(O2) consumption. Dietary restriction in cows affected maternal
small-intestinal weight at day 85 of gestation and maternal small
intestinal O2 consumption at day 140 of gestation.

Summary
Pregnant multiparous beef
cows at day 30 of gestation (n = 46)
were randomly assigned to one of
three dietary treatment groups: 100
percent of National Research Council (NRC) recommendations (CON;
n=18) or 60 percent of NRC recommendations (RES85; n = 16; RES140;
n = 12). The restricted groups
were realimented (100 percent of
NRC recommendations) either at
day 85 or day 140 of gestation. At
day 85, 140 and 254 of gestation,
animals were slaughtered, fetuses
removed, and maternal and fetal
intestine collected for in vitro oxygen consumption analysis. On day
85, fetuses from the RES85 group
tended to be heavier (P = 0.07) than
those from the CON group, but
no differences were found in fetal
weight on day 140 or 254. Maternal
small-intestinal weight was heavier
in the control (P = 0.04) compared
with restricted cows at day 85 of
gestation but not at day 140 and
254. Oxygen consumption, a measure of energy utilization, (U of O2
consumed/pound and U of O2 consumed/pound body weight [BW])
1Department
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in the maternal small intestine
was greatest in CON and least in
RES140, with RES85 intermediate
(P ≤ 0.05) for cows slaughtered at
140 day of gestation. However, maternal small-intestinal oxygen consumption did not differ between
treatments at day 85 or 254. Oxygen
consumption (U of O2 consumed/
pound, U of O2 consumed/small
intestine, and U of O2 consumed/
pound BW) in fetal intestine at day
85, 140 and 254 were not influenced
by maternal nutrient restriction.
Therefore, nutrient restriction in
pregnant cows during early and
midgestation increases maternal
intestinal mass and affects O2
consumption in the small intestine
in cows at certain times of gestation
but does not affect fetal organ mass
or O2 consumption.

Introduction
The extensive use of grazing
systems for beef cattle and the high
variation in forage quality throughout the year has an important
impact on production. Changes in
feed quality and availability alter
the nutritional and physiological
status of animals during gestation

(Wu et al., 2006). Nutrient restriction during this crucial time plays
a large role on cow efficiency
and fetal growth. Little is known
about how nutrient restriction and
realimentation during gestation
influences energy utilization as
measured using an in vitro oxygen
consumption assay of gut tissues of
the cow and the developing fetus.
Oxygen consumption is directly
related to energy utilization by tissues.
Our hypothesis was that
nutrient restriction during early
and midgestation would result in
increased tissue oxygen consumption and decreased intestinal mass,
which perhaps could be changed
by maternal realimentation during
early and/or midgestation. The
objectives were to determine how
nutrient restriction and realimentation during different periods of
gestation influences intestinal mass
and oxygen consumption in maternal and fetal tissue.

Procedures
Forty-six cross-bred multiparous gestating and nonlactating
beef cows were housed at the
NDSU Animal Nutrition and Physiology Center (ANPC). Prior to the
start of the experimental period,
cows were adapted to the Calan
gate feeding system for individual
feeding and were fed a common
hay diet to meet or exceed NRC
recommendations for net energy,
metabolizable protein, minerals
and vitamins (NRC, 1996) until

day30 of gestation. Pregnancy was
confirmed via transrectal ultrasonography on day 28 or 29 postinsemination.
After pregnancy confirmation,
animals were grouped by day of
insemination and body weight,
and randomly assigned to one
of the three treatment groups: 1)
100 percent NRC recommendations throughout the experimental
period (CON; n = 18); 2) 60 percent
NRC recommendations from day
30 until 85 of pregnancy, then realimented to 100 percent of recommendations until the end of the
experimental period (RES85; n =
16); or 3) 60 percent of NRC recommendations from day 30 until 140,
then realimented to 100 percent of
recommendations until the end of
the experimental period (RES140;
n = 12).
Cows were fed chopped grass
hay (86.1 percent dry matter [DM],
8 percent crude protein [CP], 57.9
percent total digestible nutrients
[TDN] and 1.3 percent fat) at 60
or 100 percent of their dietary net
energy requirement (NRC, 1996).
A mineral and vitamin supplement
was top-dressed to meet or exceed
mineral and vitamin requirements
(NRC, 1996).
Cows at day 85, 140 and 254
of gestation from each treatment
group were slaughtered at the
NDSU meat laboratory. Fetuses
immediately were removed and
weighed, and the intestine was collected. The maternal small intestine
also was collected and weighed.
After collection, fetal and maternal
intestinal samples were transported
to the laboratory for in vitro O2
consumption analysis.
For O2 consumptions analysis, a sample of sliced tissue was
transferred to a YSI O2 electrode
chamber containing 3 milliliters of
fortified Krebs-Ringer buffer and

O2 consumption was measured for
5 minutes.
Tissue weights are reported as
absolute weight (lb) and relative to
BW (% of BW). One unit of oxygen consumption activity equals
1 μl O2 consumed/hourr. Oxygen
consumption is directly related to
energy utilization and was measured to reflect energy utilization of
intestinal tissues. To assess differences relative to unit tissue, whole
tissue, and relative to BW, oxygen
consumption is reported per pound
of tissue (U/hr), per total organ
weight (U/intestine) and relative to
BW (U/lb of BW), respectively.

Results and Discussion
Fetal BW (lb) tended to be
greater in the RES85 group (P =
0.07) at day 85 of gestation. Maternal small-intestine weight (lb)
was greater (P = 0.04) in RES85
cows than control cows at day 85
of gestation. Oxygen consumption
(U of O2 consumed/lb and U of O2
consumed/lb BW) in the maternal
small intestine was greatest in CON
and least in RES140, with RES85
intermediate (P ≤ 0.05) for cows
slaughtered at 140 day of gestation.
Oxygen consumption (U/small
intestine) was greater for the CON
and RES85 groups in the maternal
small intestine (P = 0.02), compared
with RES140 for cows slaughtered
at day 140 of gestation.
Alteration of organ growth
occurs accordingly to the plane of
nutrition and metabolic activity
(Burrin et al. 1992; Harmon et al.
1991). Increased feed intake results in increased organ mass and
greater levels of O2 consumption
(Burrin et al. 1990). However, for
the current study, we observed that
small-intestinal mass in cows increased when animals were restricted early in pregnancy, although O2
consumption was unaffected. These

results suggest that the cow may
be adapting to nutrient restriction
by increasing the capacity (through
increased intestinal mass) for feed
digestion.
Oxygen consumption (and
thus energy expenditure) in the gut
accounts for a large proportion of
whole body oxygen consumption
and it has been observed to vary,
depending on the level of intake
(Webster, 1980), physiological state
(Reynolds et all, 1988) and animal
age (Vatnick et al. 1989). Oxygen
consumption has been reported to
increase when steers were fasted
for short periods (48 hours; Kelly
et al., 1993). However, in other
research, oxygen consumption
relative to BW was reported to
decrease due to fasting (Eisemann
et al., 1990).
Our results indicate that oxygen consumption in the maternal
small intestine decreased with
restriction for animals slaughtered
at day 140 of gestation. However,
O2 consumption at day 140 was
partially recovered when realimentation occurred at day 85 of gestation.
In conclusion, these results
indicate that nutrient restriction in
pregnant cows during early and
midgestation increases maternal
intestinal mass and affects O2
consumption in the small intestine
in cows at certain times of gestation but does not affect fetal organ
mass or O2 consumption. This may
indicate that cows are adapting to
restriction by increasing intestinal
mass in an attempt to increase the
digestion and utilization of feed.
The decrease in O2 consumption
may indicate an improvement in
energetic efficiency of the small
intestine during nutrient restriction.
Further research is needed to
understand how the physiological factors, such as mitochondrial
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development and functionality, are
altered to understand why O2 consumption decreases and intestinal
mass increases in response to feed
restriction.
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Table 1. Influence of nutrient restriction on maternal and fetal intestinal mass and in vitro
oxygen consumption at day 85 of gestation.
Fetal1			

Maternal
CON2

Item

RES853

SEM

P  -Value

Con

Res

SEM

P -Value

BW, lb
1230
1188
60.9
0.65
0.26
0.31
0.02
0.07
Small intestinal mass								
Lb
9.1
10.2
0.33
0.04				
% of BW
0.8
0.9
0.05
0.11				
O2 consumption4								
U/lb
431.3
354.1
68.1
0.43
472.2
390.4
109
0.38
U/small intestine
3,985
3,591
685
0.69				
U/lb BW
3.24
3.02
0.6
0.80				
1Fetal small-intestinal mass not determined because small and large intestine were indistinguishable.
2Control = Fed at 100% of nutrient recommendations.
3RES85 = Fed at 60% of nutrient recommendations from day 30 to 85.
4Unit (U) = 1 μl O2 consumed/hr.

Table 2. Influence of nutrient restriction on maternal and fetal intestinal mass and in vitro
oxygen consumption at day 140 of gestation.
Maternal
Item1

CON1

RES852

Fetal
RES1403

SEM

P  -Value

Con

RES85

RES140

SEM

P  -Value

BW, lb
1335
1276
1173
59.2
0.17
4.33
4.77
4.53
0.26
0.52
Small intestinal mass										
lb
10.1
9.3
8.7
0.56
0.23
0.02
0.03
0.02
0.003
0.86
% of BW
0.8
0.7
0.7
0.04
0.91
0.2
0.3
0.1
0.04
0.16
O2 consumption4										
U/lb
508.5a
454ab
308.7b
54.5
0.05
381.4
494.9
313.3
63.6
0.23
a
a
U/small intestine
5,101
4,328
2,558b
574
0.02
9.05
11.67
6.89
1.68
0.20
U/lb BW
3.8a
3.3ab
2.2b
0.4
0.04
2.5
2.4
2.3
0.3
0.90
1Control

= Fed at 100% of nutrient recommendations.
= Fed at 60% of nutrient recommendations from day 30 to 85, followed by feeding at 100% of nutrient
   recommendations until day 140.
3RES140 = Fed at 60% of nutrient recommendations from day 30 to 140.
4Unit (U) = 1 μl O consumed/hr.
2
a,bMeans followed by different lower case letter (a, b) are different (P ≤ 0.05).
2RES85
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Table 3. Influence of nutrient restriction on maternal and fetal intestinal mass and
in vitro oxygen consumption at day 254 of gestation.
Maternal
Item

CON1

RES852

Fetal
RES1403

SEM

P  -Value

Con

RES85

RES140

SEM

P  -Value

BW, lb
1344
1364
1335
59.8
0.94
75.97
77.11
81.31
4.03
0.59
Small intestinal mass										
Lb
10.31
11.05
10.5
0.43
0.48
0.52
0.54
0.55
0.03
0.83
% of BW
0.8
0.8
0.8
0.06
0.73
0.7
0.7
0.7
0.03
0.89
O2 consumption4										
U/lb
431.3
376.8
522.1
72.6
0.41
522.1
513.0
549.3
54.5
0.87
U/small intestine
4,493
4,254
5,436
838
0.58
276
278
305
38.9
0.82
U/lb BW
3.3
3.3
4.1
0.6
0.59
3.6
3.6
3.7
0.5
0.98
1Control

= Fed at 100% of nutrient recommendations.
= Fed at 60% of nutrient recommendations from day 30 to 85, followed by feeding at 100% of nutrient
   recommendations until day 254.
3RES140 = Fed at 60% of nutrient recommendations from day 30 to 140, followed by feeding at 100% of nutrient
   recommendations until day 254.
4Unit (U) = 1 μl O consumed/hr.
2
2RES85
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Effects of injectable vitamins and selenium on
serum vitamin A and E, and selenium concentrations
and growth in beef calves
P.L. Steichen1, B.W. Neville2, S.I. Klein1, R. L. Stuart3 and C.R. Dahlen1

The objective of this study was to determine the effect of two
injectable products on serum concentrations of selenium, vitamin
A, vitamin E and growth performance in beef calves. Bo-Se
increased serum concentrations for selenium and Vital EAD
increased vitamins E and A. When both products were injected,
calf average daily gain was lower compared with when either
product was injected individually. Injectable products may be a
useful tool for producers wishing to increase the vitamin status of
baby calves.

Summary
Crossbred beef calves (n = 40; 3
to 20 days of age) were used to determine the effects of two injectable
products on serum concentrations
of selenium (Se), vitamins A (VitA)
and E (VitE) and weight gain.
Calves were assigned randomly
to treatments in a 2 × 2 factorial
design: 1) administration or not
of 4milliliters (mL) of BoSe or 2)
administration or not of 5 mL of
VITAL E-A+D (VITALEAD). Blood
samples were collected from calves
prior to treatment (day 0) and later
(day 2). Calf weight was taken on
day 0 and day 23. Blood samples
were collected from dams on day 0
and all cow/calf pairs were maintained in a single dry lot pen and
fed once daily. Blood was analyzed
for Se, VitA and VitE. Mean concentrations of Se, VitA and VitE in the
dams were 112.8 ± 2.09 nanograms
per milliliter (ng/mL), 0.21 ± 0.01
micrograms per milliliter (µg/mL)
1Department

of Animal Sciences, NDSU
Grasslands Research Extension
Center, NDSU
3Stuart Products Inc., Bedford, Texas
2Central
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and 2.84 ± 0.11 µg/mL, respectively. Calves treated with BoSe had
greater (P < 0.01) concentrations
of Se (72.5 ± 1.73 ng/mL) on day
2 compared with calves not given
BoSe (56.3 ± 1.68 ng/mL). Calves
treated with VITALEAD had
greater (P < 0.01) concentrations
of VitA (0.22 ± 0.01 µg/mL) and
VitE (14.8 ± 1.33 µg/mL) on day 2
compared with calves not given VITALEAD (0.16 ± 0.01 µg of vitamin
A/mL and 4.73 ± 1.33 µg of vitamin
E/mL). Concentrations of VitE in
calves on day 0 were correlated
(0.451; P < 0.01) with calf body
weight (BW), whereas concentrations of Se in cows were correlated
with days postpartum (0.314; P
< 0.05). Calf average daily gain
(ADG) was affected by an interaction among BoSe and VITALEAD
(P = 0.01). Calves given either Bo-Se
(1.66 ± 0.14 pound/day) or VITALEAD (1.64 ± 0.14 pound/day) had
greater (P < 0.01) ADG compared
with calves given both products
(1.17 ± 0.15 pound/day), while
untreated calves were intermediate
(1.42 ± 0.14 pound/day). Admin-

istration of VITALEAD increased
the concentration of VitA and VitE
in young beef calves, whereas BoSe
increased concentrations of Se.

Introduction
Selenium and vitamin E have
a nutritional interrelationship as
antioxidant protection and increase
the effectiveness of one another in
the prevention of illness caused by
a vitamin E or selenium deficiency
(Combs, 1991). Some disorders associated with selenium and vitamin
E deficiency in cattle are white
muscle disease, retained placenta,
mastitis, metritis, abortion, stillbirths, neonatal weakness, infertility and impaired immune function
(Bass, 1999).
The National Research Council
guidelines for beef cattle state that
the selenium requirement can be
met at 0.1 milligram of Se/kilogram
of diet. While vitamin E requirements for beef cattle have not yet
been established, 15 to 60 international units per kilogram (IU/kg) of
a dried diet is an estimated feeding
rate needed for young calves (NRC,
2000).
The calf’s profile of selenium
and vitamin E is influenced dramatically by timing of the calving
season. The vitamin and mineral
status of calves born in the summer or fall are generally adequate,
whereas calves born in the winter
or early spring have lower vitamin
E, Se, Cu and Zn status. This is because dams are consuming stored
forages that are cut and exposed to
sunlight and oxygen in winter and

spring-calving herds, compared
with summer- and fall-calving
herds that are consuming standing forages (Mbifo et al., 1997).
Supplementing winter or early
spring-born calves may be essential
for adequate vitamin A, Vitamin E
and selenium status and coincident
good health of calves.

Procedures
All animals in this study were
housed at the NDSU Central Grasslands Research Extension Center
in Streeter, N.D., and managed
according to procedures approved
by the NDSU Animal Care and Use
Committee. Forty crossbred beef
calves were used to determine the
effects of injectable vitamin products on serum vitamin concentrations and growth performance of
young calves (3 to 20 days of age).
Calves were stratified by age
and sex, and then assigned randomly to treatments in a 2 × 2 factorial design with factors being 1)
Administration or not of 4 mL s.q.
BoSe [Intervet, Summit, N.J.; selenium (Se; 1 mg/mL) and vitamin E
(VitE; as d-alpha tocopheryl acetate;
68 IU/mL] 2) Administration or
not of 5 mL s.q. VITALEAD [Stuart
Products, Bedford, Texas; VitE (as
d-alpha-tocopherol; 300 IU/mL),
vitamin A (VitA; as retinyl-palmitate; 100,000 IU/mL) and vitamin
D3 (10,000 IU/mL).
Blood samples were collected
from calves via jugular venipuncture immediately prior to treatment
(day 0) and two days later (day
2); calf weights were taken on day
0 and day 23. In addition, blood
samples from the dam of each calf
were collected on day 0. All blood
samples were submitted to the
Iowa State University Veterinary
Diagnostic Laboratory for analysis
to determine concentrations of Se,
VitA and VitE.

Calves were all born to heifers
that were maintained in a lot and
with a diet consisting of 47 percent
corn silage, 37 percent alfalfa/grass
hay, 11 percent barley and 5 percent
liquid supplement, on a dry-matter
(DM) basis, that was delivered once
daily. In addition, cows had continuous access to a loose mineral
mixture. Twenty-three days after
treatment administration, calves
were weighed and cow-calf pairs
were moved to pasture.

Results and Discussion
Concentrations of Se, VitA and
VitE in the dams were 112.8 ± 2.09
ng/mL, 0.21 ± 0.01 µg/mL and 2.84
± 0.11 µg/mL, respectively. Mean
VitE concentrations in all dams was
2.84 ± 0.11 µg/mL, which is below
the desirable 3 µg/mL (Weiss et al.,
1997). Concentrations of Se, VitA
and VitE were not different among
all calves prior to administration
of the treatments. No interactions
(P > 0.10) of BoSe and VITALEAD
occurred for calf serum concentrations of Se, VitA or VitE on day 2.
Calves treated with BoSe (72.5
± 1.73 ng/mL) had greater (P <
0.01) concentrations of Se on day 2,
compared with calves not receiving BoSe (56.3 ± 1.68 ng/mL). The
increase in Se concentrations of
calves receiving BoSe is due to the
fact BoSe was the only product
to contain Se. Calves treated with
VITALEAD had greater (P < 0.01)
concentrations of VitA (0.22 ± 0.01
µg/mL) and VitE (14.8 ± 1.33 µg/
mL) on day 2 compared, with
calves not given VITALEAD (0.16 ±
0.01 µg/mL and 4.73 ± 1.33 µg/mL
for VitA and E, respectively). This
may be due to the lower amount
of VitE in BoSe than in VITALEAD
(272 IU/injection and 1,500 IU/injection, respectively).
This increase in serum vitamins
A and E status observed in this

study indicated that intervention
with injectable products is useful
when producers wish to increase
blood vitamin supply. In addition,
differences in the relative increase
in blood vitamin status among
treatments administered at recommended levels highlights the
importance of evaluating literature
regarding product efficacy prior to
making purchases.
Concentrations of VitE in calves
on day 0 were correlated (0.451; P
< 0.01) with calf BW; calves with
heavier body weights had greater
VitE serum levels. Concentrations
of Se in cows were correlated with
days postpartum (0.314; P < 0.05);
as cows had more days postpartum, their Se status increased. As
calves grew and cows were producing more milk, both ate more, thus
providing additional VitE and Se
for calves and cows, respectively.
Calf ADG was affected by
an interaction among BoSe and
VITALEAD (P = 0.01). Calves given
either BoSe (1.66 ± 0.14 pound/
day) or VITALEAD (1.64 ± 0.14
pound/day) had greater (P < 0.01)
ADG, compared with calves given
both products (1.17 ± 0.15 pound/
day), while untreated calves were
not different from either (1.42 ± 0.14
pound/day). This difference in performance may be due to the different types of VitE (d-alpha tocopheryl acetate (inactive form of VitE)
or d-alpha tocopherol (active form
of VitE)) and/or amount of VitE per
mL (68 IU/mL or 300 IU/mL, BoSe
or VITALEAD, respectively). Also,
that BoSe has additional Se whereas
VITALEAD has additional VitA
and vitamin D.
The reduced gain observed
when both products were administered was not expected. Further
research is warranted to determine
the whether this performance difference is repeatable and persists
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after a period of time greater than
23 days.
Certain environmental conditions and forage processing
techniques can reduce vitamin
status of stored feeds. Producers
should evaluate feedstuffs regularly, provide vitamin and mineral

supplements at critical times, and
keep vitamin and selenium status
in mind if sick or weak calves are
observed. Although the current
project did not test injectable products in calves that were extremely
vitamin deficient or sick, healthy
calves given VITALEAD had

Table 1. Serum concentrations of Se, VitA and VitE 48 hours
after treatment (ng/mL).
BoSE

Literature Cited

VitalEAD

Item

No

Yes

No

Yes

SEM

Se
VitA
VitE

56.3x

72.5y

64.2
0.16x
4.7x

64.5
0.22y
14.8y

1.7
0.01
1.3

0.18
8.8

xyMeans

0.19
10.8

within row and factor lacking common superscript differ (P < 0.01).

Table 2. Correlations among selected items prior to treatment.		
Age of calf
(d 0)

Item

BW

Se

VitE

VitA

DamSe

-0.286†

Age of calf (d 0)
—
0.634** 0.213
0.239
0.314*
BW		
—
0.036 0.451**
-0.117
0.093
Se			 —
-0.077
0.124
0.157
VitE				 —
0.299†
0.055
VitA					—
0.231
DamSe						—
**P < 0.01; *P < 0.05; †P = 0.07.

Figure 1. Average daily gain of calves.

Figure 1. Average daily gain of calves.
BoSe VitalEAD
xy
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No
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Means lacking common superscript differ (P < 0.01).
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increased concentration of vitamin
A and vitamin E, whereas health
calves given BoSe had increased
concentrations of selenium.
The next logical step in this
research area would be to determine the health and performance
response of sick or known vitamindeficient calves in response to the
treatments administered in the
current study.
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Evaluation of pea forages in growing and finishing
feedlot rations
V.L. Anderson1 and B.R. Ilse2

The objective of this study was to evaluate pea forages in growing
and finishing feedlot rations. Weaned steers (n=156) were fed
variations of pea forage during growing and finishing to evaluate
animal performance, carcass traits and forage value. Feed intake
was greater with pea hay and pea-barley hay compared with grass
hay and field pea residue in growing rations. Feed efficiency was
greatest for pea hay overall, with faster gains from pea hay and
pea-barley hay. Carcass quality traits were not affected by forage
type. Based on equal feed cost per pound of gain, pea hay and
pea-barley hay are valued at 230 and 158 percent of grass hay,
respectively, during the growing phase, and pea hay is worth 193
percent of grass hay in finishing diets.

Summary
Multiple field pea forages were
compared in growing and finishing feedlot diets, with carcass traits
and relative economic value of the
forages determined. Grass hay as
a control forage was compared
with field pea residue, pea-barley
hay and pea hay with 156 head
of mixed crossbred weaned steer
calves. Intake was greatest for the
pea-barley hay during the growing
phase, and gains were highest for
pea-barley hay and pea hay diets.
During finishing, intake was lowest
for the pea hay treatment, but gains
were equal, resulting in improved
feed efficiency. Carcass weights
were highest for the barley-pea hay
and pea hay, but other traits were
not different. Pea-barley hay and
pea hay have more value than grass
hay in growing rations but only
1Carrington

Research Extension Center,
   NDSU
2Big Horn County Extension office,
   Montana State University

pea hay appears to have enhanced
nutritional value in the finishing
phase.

Introduction
Most previous research with
field peas has focused on pea grain,
a grain legume that is an excellent
feed for all classes of livestock, including growing and finishing beef
cattle (Lardy et al., 2009; Anderson
et al., 2007a; 2007b; and 2006). Little
data is available on the value of pea
forage in feedlot diets.
Field pea biomass has potential
as a forage crop as well, and can
be harvested as hay or silage and
often is planted in combination
with a cereal grain to improve yield
and harvest ability. Double cropping with warm-season crops such
as sunflower or soybeans may be
possible if the field pea biomass can
be harvested early in the season.
Alternatively, a field pea forage
crop may be harvested later in the
fall if planted promptly after the
small-grain harvest.

Procedures
Steer calves (n=156) consigned
by 40 different producers to the
Dakota Feeder Calf Show in Turtle
Lake, N.D., were used in this study.
Steers were fed a common diet (55
megacalories per pound, or Mcal/
lb) for three weeks prior to random
allotment to one of 16 pens, with
four treatments and four replicates
per treatment. Nine or 10 steers
were assigned to each pen. The
experimental treatments were the
forage component of a corn-based
ration, including 1) grass hay (control), 2) field pea residue, 3) field
pea-barley hay and 4) field pea hay.
Pea hay was harvested from
grain-type field peas at the flat pod
stage (peas were as large as BBs in
the pod). Haybet forage barley was
cut at the soft dough stage. All forages were handled as large round
bales. Pea residue was collected
from fields that had not been desiccated prior to grain harvest.
All forages were chopped in
a tub grinder, with pea hay and
barley hay mixed at grinding at
equal bale numbers. Rations for
each treatment were mixed in a
truck-mounted Knight “Little Augie” three-auger mixer wagon and
delivered to pens once each day,
with adjustments made to appetite
after morning bunk readings. Steers
were weighed at the start of the
trial and approximately every 28
days; however, flooding conditions
prohibited one intermediate weighing during the finishing period, resulting in one 54-day weigh period.
Steers were transported to Tyson Fresh Meats Inc. in Dakota City,
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Neb., for harvest on May 4, 2011,
when we determined that 60 percent or more would grade USDA
Choice by visual evaluation. After a
24-hour chill, carcass data was collected by trained meat scientists in
collaboration with USDA graders.
Statistical analysis was conducted using SAS Mixed procedures with pen as the experimental
unit. This study was approved by
the NDSU Institutional Animal
Care and Use Committee.

Results and Discussion
Intake tended to be higher
(24.66 pounds dry matter/head/
day) for the pea-barley hay (P =
0.06) during the growing phase,
followed by pea hay at 23.81, pea
residue at 23.13 and grass hay at
22.70. The fastest gains (P < 0.01)
were observed for pea hay (4.27
pounds/head/day) and pea-barley
hay (4.13 pounds/head/day),
compared with pea residue (3.66)
and grass hay (3.60). Efficiency during growing was numerically more
favorable for pea hay, followed by
pea-barley hay.
During finishing, feed intake
was numerically lower for the pea
hay diet than the other three treatments, but gains were similar to
pea residue and greater (P = 0.02)
than pea-barley hay, resulting in
improved feed efficiency (P = 0.05)
for the pea hay treatment. Pea hay
finishing gains were followed by
pea residue, with calves fed grass
hay and pea-barley hay gaining the
least.
Overall, pea-barley hay and
pea hay produced improved gains
with greater efficiency as well as
heavier carcasses. No other carcass traits were affected by forage
treatment. Effects of pea forage on
tenderness, juiciness and flavor of
the beef are yet to be determined.
If feed cost per pound of gain is
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held constant, the relative value of
the respective forages is calculated
against the control ration with grass
hay. Based on grass hay priced at
$60 per ton, pea-barley hay would
be worth $95 per ton (158 percent
of the price of grass hay) and pea
hay would be worth $138 per ton
(230 percent of grass hay) due to
increased animal weight gains.
During the finishing phase, cattle performed equally on grass hay
and pea-barley hay, so value per
ton would be equal, but improved
animal performance from pea hay
calculates to a value of $116 per
ton (193 percent of grass hay) with
equal feed cost per pound of gain.
If pea-barley hay or pea hay can be
procured or grown for less than the
relative prices given, feeders may
realize increased profits.

The authors appreciate the technical
and administrative support from the
Carrington Research Extension Center
staff. This project was supported by a
USDA Specialty Crops Grant administered by South Dakota State University.
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Table 1. Growing and finishing diets with variations of pea forage.
Treatment forage		
		
Grass hay

Pea
residue

Pea/barley
hay

Pea hay

Growing diets, percent
dry-matter (DM) basis	 	 	
Treatment forage
30.65
28.79
30.80
30.01
High-moisture corn
30.51
31.40
30.51
30.83
Mod distillers grain
23.90
24.57
23.92
24.40
Rolled barley
13.38
13.67
13.31
13.52
Ionophore supplement 	 1.55	 1.57	 1.45	 1.48
Nutrients in diet
			
Dry matter, %
73.91
72.08
72.77
72.67
NEg, Mcal/lb
56.79
54.33
57.98
59.45
Crude protein, %
13.07
12.97
15.58
16.48
				
Finishing diets, percent
DM basis
	 	 	 
Treatment forage
15.38
14.11
15.47
14.95
Dry corn
43.82
44.81
43.29
43.74
High-moisture corn	 3.01	 2.77	 3.37	 3.30
Mod distillers grain
19.91
20.16
19.92
20.01
Rolled barley
15.94
16.18
15.95
16.01
Ionophore supplement	 1.95	 1.97	 1.99	 1.99
Nutrients in diet
			
Dry matter, %
75.17
74.28
74.53
74.51
NEg, Mcal/lb
62.68
61.60
63.24
64.03
Crude protein, %
12.83
12.78
14.10
14.53

M.L. Bauer. 2009. Effects of increasing field pea (Pisum sativum) level
in high concentrate diets on growth

performance and carcass traits in
finishing steers and heifers. J. Anim.
Sci. 87:3335-3341.

Table 2. Feedlot performance of steers fed pea forages during growing and finishing.
Treatments
		
Grass hay

Pea
residue

Pea-barley
hay
Pea hay

Initial wt., lb.
Market wt., lb.
Dry matter intake, lb./hd/d
Growing
Finishing
Overall
Average daily gain, lb/hd/d
Growing
Finishing
Overall
Efficiency, feed/gain
Growing
Finishing
Overall

717.2
1327.3

726.7
1348.5

726.9
1358.2

22.70
23.48
23.39

23.13
23.02
23.31

3.60
3.65
3.63
6.39
6.36
6.44

St Err

P value

725.4
1387.3

36.0
44.4

0.62
0.02

24.66
23.10
23.68

23.81
21.20
23.42

1.13
0.83
0.83

0.06
0.12
0.95

3.66
3.72
3.69

4.13
3.57
3.75

4.27
3.77
3.93

0.16
0.12
0.07

<0.01
0.02
0.01

6.62
6.13
6.29

6.11
6.41
6.30

5.66
5.59
5.95

0.29
0.25
0.16

0.13
0.05
0.09

Table 3. Carcass traits of steers fed pea forages during growing and finishing.
Treatments
		
Carcass Traits
Grass hay

Dressing percent
Hot carcass wt. lb.
Fat thickness, in
Rib eye area, sq. in
KPH, %
Marbling score*
Yield grade**
Percent USDA Choice

62.10
783
0.45
14.03
2.3
452
2.56
67

Pea
residue

Pea-barley
hay

Pea hay

St Err

P value

62.11
795
0.42
14.1
2.43
429
2.56
60

62.27
804
0.46
13.93
2.33
455
2.73
79

62.83
828
0.48
14.24
2.32
448
2.77
82

0.003
26.1
0.03
0.22
0.06
15.46
0.176

0.24
<0.01
0.44
0.68
0.22
0.64
0.42

*400 = low choice
**Measure of lean to fat, higher number = more fat
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Effects of alternate-day feeding of dried distillers grains
plus solubles on intake, ruminal pH and VFA concentrations,
and total tract digestibility in forage-fed steers
S.I. Klein1, A.M. Meyer1, Q.P. Larson1, M.L. Bauer1, J.S. Caton1 and C.R. Dahlen1

The objective of this study was to evaluate the effects of alternateday feeding of dried distillers grains plus solubles (DDGS) on
intake, ruminal pH and volatile fatty acid (VFA) concentrations,
and total tract digestibility in forage-fed steers. A feeding strategy
that alternates days of feeding only hay and only distillers grains
showed changes in forage intake and concentrations of volatile
fatty acids produced in the rumen without affecting digestibility.
These results indicate that the observed reduction in forage intake,
along with limited metabolic consequences, of the novel alternateday feeding strategy warrant further investigation in a production
setting for times of limited forage availability.

Summary
Four ruminally cannulated
Holstein steers (989.4 ± 16.1 pounds
body weight [BW]) received each
of four dietary treatments in a 4 ×
4 Latin square: 1) hay only (CON),
2) hay and 0.4 percent BW DDGS
daily (DG7), 3) hay daily and 0.8
percent BW DDGS on alternate
days (DG3) and 4) hay only or 0.8
percent DDGS only on alternate
days (DGA). Treatment periods
consisted of 13 days of adaptation
and eight days of collecting ruminal pH, ruminal fluid and feces.
Supplemented days (SUP) and
nonsupplemented days (NSUP)
were defined as days when DG3
and DGA did or did not receive
DDGS, respectively. During the
entire collection period, intake
was decreased (P < 0.01) for DGA
compared with CON, DG7 and
DG3. Immediately after feeding on
SUP days, ruminal pH of DGA was

1Department
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less than all other treatments, but
by the end of the day, it was greater
than all other treatments (treatment
× time; P < 0.001). At the time of
feeding on NSUP days, ruminal
pH of DGA steers was greater than
all other treatments but returned
to levels similar (treatment × time;
P < 0.001) to DG3 and CON by the
fifth hour after feeding. On NSUP
days, ruminal pH of steers fed DG7
was less (P < 0.01) than all other
treatments until the ninth hour
after feeding. On SUP days, steers
fed DGA had a decreased acetateto-propionate ratio (A-to-P) from
four to eight hours after feeding
compared with other treatments,
whereas DG7 and DG3 had an
A-to-P less (treatment × time; P <
0.001) than CON from two to four h
after feeding. Total tract dry-matter
(DM) digestibility did not differ
(P = 0.18) among treatments (56.9
± 1.7 percent). The DGA feeding
strategy altered dry-matter intake
(DMI), ruminal pH and concentra-

tions of VFA without affecting DM
digestibility.

Introduction
During the past 18 years, feed
costs have accounted for an average of 75.6 percent of the fixed
expenses of North Dakota herds
enrolled in the Farm Business Management program. When pasture
costs were removed, the remaining
feed costs (hay, silage, mineral, etc.)
still accounted for more than 51
percent of all fixed costs. Producers
may be able to reduce feed costs by
maximizing utilization of available
feeds and feeding to cow requirements rather than to cow appetite.
Dried distillers grains plus
solubles (DDGS) is a byproduct
of the ethanol industry that has
been incorporated successfully into
backgrounding, feedlot and winter
cow diets. Whereas supplementing
with corn or other high-starch feeds
may lead to negative effects on
forage digestibility (Highfill, et al.,
1987), supplementing cattle with
DDGS can reduce forage intake
without altering forage digestibility (MacDonald and Klopfenstein,
2004; Morris et al., 2005).
Forage intake and hay costs
also can be altered by the frequency
with which the supplement is fed.
By decreasing supplementation
frequency, producers may be able
to decrease the amount of time they
spend feeding, the amount of labor
required for feeding, and the use
and depreciation of equipment.
However, the effects of a novel

supplement strategy in which cattle
alternate between receiving only
ad libitum hay one day followed
by only distillers grain the next are
unknown.

Procedures
Four ruminally, duodenally
and ileally cannulated Holstein
steers (Average BW 514.4 kilograms) were used in a 4 x 4 Latin
square. Treatments included: 1)
hay only (CON), 2) hay and DDGS
daily (0.4 percent BW; DG7), 3) hay
daily and DDGS on alternate days
(0.8 percent BW; DG3), 4) hay only
or DDGS (0.8 percent BW) only on
alternate days (DGA).
Each of the four periods
consisted of 13 days for adaptation and eight days of collecting
ruminal pH, ruminal fluid and
digesta. Moderate-quality chopped
bromegrass hay (15 percent crude
protein [CP], 64 percent neutral
detergent fiber [NDF], 36 percent
acid detergent fiber [ADF]) was fed
twice daily and DDGS (28 percent
CP, 31 percent NDF, 9 percent ADF)
was fed once in the morning. Steers
were weighed at the beginning
of each period to determine the
quantity of DDGS that needed to be
fed. Supplemented days (SUP) and
nonsupplemented days (NSUP)
were defined as days when DG3
and DGA did or did not receive
DDGS, respectively.
Rumen fluid samples (200 milliliters [mL]) were taken via suction strainer at -2, 0, 2, 4, 6, 8, 10,
and 12 hours relative to a 6:30 a.m.
feeding. Samples were acidified
with 2 ml of 6 Molar Hydrochloric
acid then frozen until analysis of
volatile fatty acids. Whole-rumen
pH and temperature was obtained
using wireless rumen pH and
temperature sensors (Kahne Ltd.,
Auckland, New Zealand) every 10
minutes for the entire collection

period. Total fecal samples were
collected daily into stainless steel
pans directly behind each steer. Total tract digestibility was calculated
by subtracting the nutrient values
of feces from total nutrient content
of feed consumed, then dividing
this number by the total intake.

Results and Discussion
Steers fed CON diets had
an increased (P < 0.05) total hay
dry-matter intake, compared with
the DGA treatment, whereas both
DG7 and DG3 diets were intermediate (Table 1). Total dry-matter
intake per day was greatest on
nonsupplemented days and least
on supplemented days for steers in
DGA (P < 0.05), compared with all
other treatments. However, total
dry-matter intake during the entire
collection period was less (P < 0.05)
for DGA fed steers compared with
CON, DG3 and DG7.
This reduction in overall forage
consumption, with a small number
of animals in this study, warrants
further investigation. If this pattern
holds true in a larger number of
animals, this feeding strategy could
be useful in times of forage shortages.
On days when DG3 and DGA
steers received supplement, DGA
animals had lower (P < 0.05) rumen

pH at the time of morning feeding,
compared with all other treatments
(Figure 2). However as the day
progressed, DGA pH increased (P <
0.05) and was significantly greater
than all other treatments from
approximately 11 p.m. until the
subsequent morning feeding.
Typically a depression in pH
occurs after feeding in the morning
and evening, and then pH increases
as the hydrogen production in the
rumen decreases. In steers fed DG7,
rumen pH decreased (P < 0.05)
shortly after the evening feeding
time until approximately 11 p.m.
At the morning feeding time
on nonsupplemented days, those
steers receiving DG7 had a lower
(P < 0.05) ruminal pH, compared
with the steers receiving CON,
DG3 and DGA diets (Figure 1). This
continued for the majority of the
day. This depression in pH would
be expected because steers fed DG7
diets were the only group to be
fed supplement on this day, thus
decreasing pH.
Conversely, pH in the DGA
treatment was greater (P < 0.05)
than all other treatments until approximately six hours post-feeding.
Although the DGA treatment
caused more fluctuation in pH
compared with all other treatments,
the pH for the DGA treatment did

Table 1. Intake and digestibility of bromegrass hay and dried distillers grains
plus solubles in steers fed varying frequencies of supplement.
Treatment1

 	

P - Value

Item

CON

DG7

DG3

DGA

SEM

Trt

Hay intake, lb/d
DDGS2 intake, lb/d
Total DMI, lb/d
Dry-matter digestibility, %

28.7c
0.0a
28.7b
52.2

23.1b
4.8b
27.9b
57.0

24.7b
4.6b
29.3b
58.0

19.2a
4.8b
24.0a
60.2

2.12
0.22
2.09
2.6

0.0004
< 0.0001
0.0037
0.19

1CON

= Hay only, DG7 = Hay and DDGS seven days/week, DG3 = Hay seven
  days/week and DDGS on alternate days, DGA = Hay only or DDGS only on
  alternate days
2Dried distillers grains plus solubles
abMeans within row lacking common superscripts differ (P ≤ 0.05)
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Figure 1. Ruminal pH on SUP in steers supplemented with various frequencies of dried distillers grains
plus solubles. Treatment x Time (P < 0.0001). DGA differs from all other treatments (P ≤ 0.05). DG7 differs
from all other treatments (P ≤ 0.05).

Figure 2. Ruminal pH on NSUP in steers supplemented with various frequencies of dried distillers grains
plus solubles. Treatment x Time (P < 0.0001). DGA differs from all other treatments (P ≤ 0.05). DG3 differs
from all other treatments (P ≤ 0.05). DG7 differs from all other treatments (P ≤ 0.05).
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not drop below the threshold of
concern for rumen acidosis.
On SUP days, a treatment ×
time interaction (P = 0.03) was present for the acetate-to-propionate
ratio (A-to-P; Figure 3). At feeding
and two hours post-feeding, DGA
had a lower (P ≤ 0.05) A-to-P ratio,
compared with DG7 and DG3. In
addition, the A-to-P ratio for DGA
was lower (P ≤ 0.05), compared
with all other treatments at eight
hours post-feeding on SUP days.
On NSUP days, a treatment
effect (P = 0.01) occurred for A-to-P
(Figure 4). Steers fed DGA had
a lower A-to-P ratio (P ≤ 0.01),
compared with CON and DG3,
and similar (P ≤ 0.10) to DG7.
Furthermore, the ratio of A-to-P
was greater (P ≤ 0.05) for DG3 on
NSUP days, compared with DG7
and DGA, and similar (P ≤ 0.24) to
CON.
The reduction in hay intake,
along with moderate changes in
pH and concentrations of VFAs,
observed with the alternate-day
feeding strategy highlights the
potential for this strategy to be
used in commercial production scenarios. However, we are cautious
about extrapolating data from this
limited study (four animals) all the
way out to commercial production.
Therefore, our next step is to test
the strategy of alternate-day feeding using late-gestation beef cows
as an experimental model. Results
from this larger study will allow us
to validate results observed using
the experimental model of the current report.
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Effect of feeding field pea and field pea components in
finishing diets on feedlot performance, carcass traits,
tenderness and taste panel response from four different
muscles in beef cattle
V.L. Anderson1, K. Maddock-Carlin2 and B.R. Ilse3

The objective of this study was to evaluate the effect of feeding
field pea and field pea components in finishing diets. Components
of field pea (hulls, endosperm and whole peas) were fed to feedlot
cattle to assess effects of respective ingredients on live animal
performance, carcass traits and meat palatability of four different
muscles. Calves fed pea hulls did not grow as fast and the
percentage of USDA Choice carcasses was lower. No differences
were observed in palatability traits in the different muscles due to
feeding field pea components.

Summary
A feedlot finishing study was
conducted to evaluate the effects of
individual components of field pea
in yearling beef heifer diets on feedlot performance, carcass traits and
palatability in different muscles in
the carcass. Components of field
pea from processing include pea
hulls and pea chips or splits (endosperm of the seed). The corn-based
treatment diets were: 1) control (no
pea products), 2) pea hulls, 3) pea
chips and 4) whole peas. Feed intake was similar for all treatments.
During the entire 95-day feeding
period, gains tended to be higher
(P = 0.07) for whole peas, pea chips
and the control diet, compared with
pea hulls. Feed efficiency was not
affected by diet treatment. Carcass
traits were not affected (P ≥ 0.14)

1Carrington

Research Extension Center,
   NDSU
2Animal Sciences Department, NDSU
3Big Horn County Extension office,
   Montana State University
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but pea hulls in the diet resulted
in only 33 percent of the steers
grading Choice, compared with 50
percent for whole peas, 60 percent
for pea chips and 69 percent for the
control diet. Four different muscles
— longissimus (strip), semimembranosus (inside round), biceps femoris
(bottom round) and supraspinatus
(chuck tender) — were harvested
from animals in this study for palatability evaluation. Although the
expected results of increasing beef
tenderness through feeding field
pea components was not observed,
field peas make an excellent feedstuff for finishing diets for feedlot
cattle and do not have any adverse
effects on performance or meat
quality. From this and other studies, we have observed that many
cattle in the northern Plains are
categorized as tender. Identifying
which individual animals or breeds
have less desirable tenderness
traits, such as continental breeds or
older animals, will help determine
the target market for peas to influ-

ence beef tenderness.

Introduction
Field pea is an excellent feed
ingredient for beef cattle (Anderson
et al., 2007; Lardy et al., 2009). Field
pea is fed to beef cattle as whole
seed (dry rolled), pea hulls or pea
chips, with the latter two being
coproducts available from some
pea-processing plants.
No research has been conducted to evaluate the differences
in animal performance based on
the different components of field
pea included in feedlot diets. In addition, previous studies (Carlin et
al., 2006) found a highly significant
improvement in strip tenderness
with 10 percent or more field pea in
the finishing diet fed for 76 or more
days. No additional improvement
in tenderness was observed when
field pea was included at 20 or 30
percent of dry-matter intake (DMI).
Magolski et al., (2008) also
observed a positive trend for improved strip tenderness in steers
fed field pea at 20 percent of DMI
during different stages of the growfinish feedlot phases. Hinkle et al.,
(2010) at the University of Nebraska observed a linear increase
in tenderness and improved eating
satisfaction of taste panelists with
whole field pea fed at 10, 20 and 30
percent field peas in the finishing
diet.
However, the results have been
inconsistent. Another study reported in Carlin et al., (2012) did not

detect any improvement in tenderness; however, the control animals
were tender and thus improvement
in palatability may not have been
measurable.
All of these studies evaluated
the strip, and no evaluation of other
muscles has been conducted for
effects of field pea or pea components.

Previous Work
We know that field pea is an
excellent energy and protein source
for beef cattle in various stages of
growth and development (Anderson et al., 2007). Animal performance in the feedlot was equal or
better when peas were fed in the
diet (Lardy et al., 2009). Work with
creep feed and receiving diets indicated positive response from inclusion of field pea in the ration, and
feedlot growing and finishing studies have reported equal or better
performance with field pea in the
diet (Anderson et al., 2007, Lardy et
al., 2006; Hinkle et al., 2010).
Carlin et al., (2006) found a
highly significant improvement in
strip tenderness with 10 percent
or more dietary field pea fed for
76 or more days, and Magolski et
al., (2008) also observed a positive
trend for improved rib-eye tenderness in steers fed field pea at 20
percent of DMI. Hinkle et al., (2010)
at the University of Nebraska observed a linear increase in tenderness in the rib eye and improved
satisfaction of taste panelists with
whole peas fed at 10, 20 and 30 percent field peas in the finishing diet.

Procedures
Yearling Angus x Piedmontese crossbred heifers (n=128)
were procured from a cooperating
producer in North Dakota and fed
a warm-up ration at the Carrington
Research Extension Center for

three weeks prior to the start of the
study. Heifers were weighed (868 ±
16.4 pounds) and randomly allotted
to one of 16 pens, with four pens
per treatment. The four corn-based
diet treatments (Table 1) were: 1)
control, no peas or pea components
(CON); 2) pea hulls (HULL); 3) pea
chips (endosperm) (CHIP); and
4) whole peas (dry rolled) (WRL).
Peas and pea components were
fed at the equivalent level of approximately 15 percent inclusion
of whole field pea in the diet on a
dry-matter basis.
Feed delivery of the totally
mixed rations was adjusted to appetite daily and recorded (Table 1).
Steers were weighed individually
approximately every 28 days. Heifers were harvested in New Rockford, N.D., and fabricated in Fargo,
N.D., at commercial plants. The
collection of steaks was conducted
at about 48 hours postmortem.
Two steaks (about1 inch in
thickness) were removed from the
following muscles: Longissimus
(strip), Semimembranosus (inside
round), Biceps femoris (bottom

round) and Supraspinatus (chuck
tender). Steaks were vacuum-packaged individually, aged for 10 days
and frozen.
One steak from each muscle
was used for the Warner-Bratzler
shear force test, which was conducted on at least six cores from
each steak cooked to a medium
degree of doneness according to the
American Meat Science Association guidelines (1995). The second
steak from each muscle was used
for trained sensory panel analysis
during which determination of
tenderness, juiciness and flavor was
conducted.
Briefly, eight trained panelists
were served a 1- by 1- by 2.54-centimeter portion of a steak cooked to
a medium degree of doneness on a
clam-shell grill. They scored each
sample on a hedonic scale from 1
to 8 (1 = least tender, least juicy and
least flavor, and 8 = most tender,
most juicy and most flavor).
Data were analyzed statistically using SAS Mixed procedures
(SAS Inc., Crary, N.C.). Pen was
the experimental unit. The protocol

Table 1. Finishing rations formulated with field pea and pea components.
Diet Treatments
Control

Pea hulls

Pea chips Whole peas

Percent, Dry matter basis		

Feeds
Straw, chopped
Corn grain, dry rolled
Field peas, dry rolled
Pea chips
Pea hulls
Dry distillers grains
Calcium carbonate
Rumatec supplement
Condensed distillers solubles
Nutrients
Dry matter, %
NEg, Mcal/lb
Crude protein, %

16
58
0
0
0
18
1
2
5

16
56
0
0
1.67
18.33
1
2
5

16
55.25
0
12.75
0
8
1
2
5

16
54
15
0
0
7
1
2
5

			
84.88
84.96
84.98
84.89
60.61
60.26
60.87
60.61
12.56
12.63
12.60
12.62
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for this study was approved by
the North Dakota State University
Institutional Animal Care and Use
Committee.

Results and Discussion
Feedlot Performance
Dry-matter intake (Table 2)
was not affected by the inclusion of
pea components or whole peas in
the diet (P ≥ 0.84). Gain, however,
favored the diets with whole pea or
pea chips (P < 0.01) during the first
feeding period, compared with pea
hulls, with the control diet intermediate. This result is in general
agreement with other pea feeding
studies in which the first exposure
to field pea tends to improve intake
and gain.
Some extremely warm days
during the second feeding period
slowed intake and gain, but the
same general relationship in gain
was observed based on pea component. While not significant, a
numeric reversal was observed in
period three, with pea hulls supporting improved gains.
Overall, whole peas tended to
improve gains (P = 0.07), compared
with pea hulls, with the other treatments intermediate. No differences
were observed in feed efficiency
during any periods of the trial or
overall (P ≥ 0.39).

Pea hulls were included in the
ration at the same level as they
were in the whole pea treatment.
Any difference due to pea hulls
would be attributed to the difference in the value of the chips or
endosperm in the ration, compared
with what feed ingredients replaced it, which, in this case, was
a combination of corn and protein
from distillers grains.

Muscle Evaluation
The field pea component had
no effect on meat tenderness,
juiciness or flavor in this experiment. The results are in contrast to
previous studies that indicate field

Table 2. Performance of yearling heifers fed components
of field peas in finishing rations.
Treatments, Field pea components
		
Item
Control
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Pea
hulls

Pea
chips

Whole		 P  peas
St Err Value

Body weight, lbs							
Initial wt. 	 942.00	 953.11	 946.95	 955.27 14.39 0.92
Final wt.
1262.31 1255.50 1264.59 1284.58 17.57 0.69
Dry-matter intake,
lb/hd/d	  26.59	  26.51 	  26.81 	 26.86	 0.63 	 0.97
Avg. daily gain, lbs	   3.37	   3.18	  3.34	  3.47	 0.08 0.07
Feed to gain, (DM)	   7.91	   8.37	  8.03	  7.78	 0.24 0.39

Table 3. Carcass traits of yearling heifers fed field pea
components in finishing rations.			
Treatments, Field pea components

Carcass
Hot carcass weights, dressing percent, rib-eye area, marbling
score and USDA yield grade were
all similar due to treatment (Table
3). Fat thickness (P = 0.14) and
kidney-pelvic-heart fat (%) (P =
0.15) tended to be less for pea hulls
and whole peas, compared with
the control treatment. The percentage of USDA Choice carcasses was
highest for the control ration at 69
percent followed by 60 percent for
pea chips, 50 percent for while peas
and 33 percent for pea hulls.

pea inclusion in feedlot diets had
a positive impact on meat palatability, specifically tenderness. Note
that the tenderness of all steaks
in this experiment was acceptable (less than 4 kilograms, or kg);
thus, field peas did not improve on
already acceptable meat tenderness
ratings.
Results of the Warner-Bratzler
Shear Force (WBSF; kg) and Sensory Taste panel are shown in the
figures below, which are separated
by steak type. No significant differences (P > 0.25) were found in any
of the reported components due to
treatment. However, heifers from

		
Item
Control

Pea
hulls

Pea
chips

Whole		 P  peas
St Err Value

Hot carcass wt., lb
784.13 783.00 787.88 784.14 10.37
Dressing percent	 63.53	 63.37	 63.25	 62.77	 0.91
Rib eye area, sq in.	 14.17	 13.88	 14.09	 14.74	 0.38
Fat thickness, in	  0.61	  0.53	  0.57	  0.53	 0.03
KPH, %	  2.67	  2.42	  2.34	  2.48	 0.10
Marbling score*
411
396
414
396
10.17
Yield grade**	  3.00	  2.84	  2.88	  2.59	 0.16
Percent USDA Choice

69

33

60

50

0.99
0.87
0.48
0.14
0.15
0.46
0.38

* Based on scores of 399 and below = USDA Select quality grade and Scores of 400
and above = USDA Choice quality grade
** Yield grade is composite calculation of fat to lean yield in a carcass based on a
relationship of hot carcass wt, rib-eye area, fat thickness and KPH; low values =
lean carcasses.

reported because they do not affect
the main goals of the study. Additional study of the circumstances
causing the different results by
slaughter day is needed.
Some advantage in gain was
observed for the inclusion of whole
peas or pea chips in the finishing
rations, but pea hulls did not appear to support the level of performance of the other diets. Pea hulls
fed as a separate ingredient may
be used best in growing diets or

as supplements for forage-based
rations because no starch is introduced into the rumen to interfere
with fiber-digesting microbes.
Field pea and pea components
can be used readily in finishing
diets if the price is competitive and
a supply is available to complete
the feeding program for the cattle.
If only a limited amount of field
pea is available, the best use may
be in receiving diets for newly arrived/weaned cattle because other
research has shown a consistent
positive response to peas in this
Figure 1. WBSF and Sensory characteristics from bottom round
scenario.
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this study were slaughtered on two
different slaughter days one week
apart, with two pens from each
treatment group slaughtered each
day. Interestingly, the slaughter
date had an effect on WBSF and
tenderness for all steak types, with
the meat from cattle slaughtered
the second date having superior
tenderness.
This study did not have a treatment x slaughter date interaction,
thus the interactive means are not
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Effects of supplementing distillers dried grains
with solubles to grazing heifers on animal performance
and subsequent feedlot performance
Q.P. Larson1, R.J. Maddock1, P.L. Steichen1, K.K. Karges2 and B.W. Neville3

The objective of this study was to evaluate the effects of
supplemental distillers dried grains with solubles (DDGS)
provided to growing heifers grazing northern Plains rangelands
on animal performance during both the grazing and subsequent
feedlot production phases. Results indicate that supplemented
heifers gained faster and ended the grazing phase heavier than
controls. Supplementing DDGS to growing heifers during the
grazing phase did not impact performance measurements during
the feedlot phase.

Summary
The objective was to evaluate
the effects of supplemental distillers dried grains with solubles
(DDGS) provided to growing
heifers grazing northern Plains
rangelands on animal performance
during both the grazing and subsequent feedlot production phases.
Eighty-two yearling spayed
heifers (initial body weight [BW]:
702.9 ± 8.8 pounds) were stratified
by BW and randomly assigned to
one of six pastures, with each pasture randomly assigned to one of
two treatments: 1) no supplement
(CON) or 2) DDGS supplemented
at 0.6 percent BW per day (SUP).
Distillers dried grains with solubles
were delivered daily and placed in
feeders. The stocking rate of pastures was one animal unit (AU)/
four acres.
After a 70-day summer grazing season, heifers were placed into
1Department

of Animal Sciences, NDSU
Nutrition Tech Service, Sioux
   Falls, S.D.
3Central Grasslands Research Extension
   Center, NDSU
2Poet

feedlot pens for a 109-day finishing study. Feedlot pens coincided
with grazing pastures. All heifers
received the same conventional
corn-based finishing diet containing no DDGS.
At the start of the grazing
study, initial BW was not different
among treatments (P = 0.09). Final
BW and average daily gain (ADG)
were greater for heifers supplemented with DDGS (P ≤ 0.03)
during the grazing portion of this
project. Heifers supplemented with
DDGS gained an additional 0.46
pound/day and came off pasture
24.66 pounds heavier than heifers
not receiving DDGS. No differences
among treatments were observed
(P ≥ 0.13) in animal performance
during the finishing period.

Introduction
Early in the grazing season,
actively growing forage contains
protein that is highly ruminally
degradable, which can cause a
metabolizable protein deficiency
in cattle (Klopfenstein et al., 2001).
Metabolizable protein is the true

protein that is absorbed by the
intestine and undegradable intake
protein (UIP).
Undegradable intake protein
is a portion of crude protein that
is not degraded in the rumen and,
thus, is available for post-ruminal
digestion. Deficiency in metabolizable protein hinders the production and performance of ruminal
microorganisms.
As forage matures, quality
declines, which leads to decreased
digestibility (Greenquist et al.,
2009). Because decreased digestibility can lead to reduced animal
performance; supplementation
is critical to maintain production
demands for certain classes of cattle
(Caton and Dhuyvetter, 1997).
Distillers dried grains with
solubles (DDGS) often has been
used as a supplement because it is
a good source of energy and UIP.
MacDonald et al. (2007) found that
the added UIP provided by DDGS
supplementation increased ADG by
meeting the metabolizable protein
(MP) requirements in heifers grazing smooth bromegrass pastures.
Distillers dried grains with
solubles often has been used as a
supplement in beef finishing rations. However, research evaluating
carryover effects of DDGS from
grazing to finishing scenarios are
limited. Morris et al. (2006) found
that DDGS supplementation to
steers during summer grazing in
the Nebraska Sandhills had no
carryover effects on feedlot ADG,
dry-matter intake (DMI) and gainto-feed ratio (G:F).
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Therefore, the objective was to
evaluate the effects of supplemental
DDGS provided to growing heifers
during the grazing phase on animal
performance during both the grazing and subsequent feedlot production phases. Our hypothesis was
that supplementation of distillers
dried grains with solubles to cattle
grazing rangeland would increase
average daily gain, without affecting performance during finishing.

Procedures
Procedures were approved by
the North Dakota State University
Animal Care and Use Committee
prior to the initiation of the study.
This study was conducted at
the Central Grasslands Research
Extension Center (CGREC) in
south-central North Dakota. The
primary grass and forb species
found in the pastures included
Kentucky bluegrass, blue grama,
needle and thread, long-stolon
sedge and western snowberry
(Hirschfedl et al., 1996). Stocking
rates were one AU/four acres.
Eighty-two spayed heifers
(nonimplanted; 702.9 ± 8.8 pounds)
were stratified by BW and then
randomly assigned to one of six
pastures for a 70-day grazing study
starting on June 6, 2011. Pastures
were assigned randomly to one of
two treatments: 1) no supplement
(CON) or 2) 0.6 percent of BW
DDGS supplement (SUP).
Supplemental DDGS was offered in feeders in each pasture
according to treatment and pail fed
five days per week. Refused feed
was removed and weighed before each feeding. Initial and final
BW were the average of consecutive days’ BW, with intermediate
BW taken every 14 days to adjust
supplement deliveries with increasing body weights.
Sample forage clippings were
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taken from pastures at three time
intervals, starting at the beginning
of the experiment and continuing every 28 days until the end of
the grazing phase. Samples were
analyzed for dry matter, ash, crude
protein, phosphorus and calcium
(methods 934.01, 942.05, 2001.11,
965.17, and 968.08, respectively;
AOAC, 2010).
At the end of summer grazing,
on Aug. 16, heifers were transported to the CGREC headquarters
to begin a 109-day finishing period.
Each group of heifers from a single
pasture was maintained and placed
in coinciding feedlot pens (n = 6)
Heifers were transitioned to a common corn-based high concentrate
diet containing no DDGS during a
28-day period.
The finishing diet (DM) was
formulated to contain 54.8 percent
dry rolled corn, 25 percent barley,
10 percent sainfoin hay, 5 percent
corn silage, 5 percent liquid supplement and 0.2 percent limestone.
Refused feed was removed and
weighed weekly prior to feeding. Heifers were implanted with
Synovex Choice on day one in the
feedlot. Initial and final BW were
the average of BW taken on two
consecutive days, with interim BW
taken every 28 days in the morning
prior to feeding.
Heifer performance data was

analyzed as a completely random
design using general linear model
(GLM) procedures of SAS (SAS Ins.
Inc., Cary, N.C.). The experimental
unit was pasture, and treatment
was DDGS supplementation. Treatment differences were considered
significant at an alpha of P < 0.05.

Results and Discussion
Grazing
Initial BW did not differ (P =
0.09) between treatments (Table 1).
Final BW and ADG were greater
(P ≤ 0.03) for heifers supplemented
with DDGS compared with unsupplemented heifers. Heifers
supplemented with DDGS gained
an additional 0.46 pound/day and
were 24.66 pounds heavier at the
conclusion of the grazing period
than heifers not receiving DDGS.
The 41 heifers on the SUP treatment gained 1,011 total pounds
more than CON heifers. During the
duration of supplementation, the
SUP treatment consumed 6 tons
of DDGS. At $215/ton of DDGS,
the cost per pound of gain ($/lb
gain) for SUP treatments was $1.27.
Similarly, steers grazing Nebraska
Sandhills with supplemental DDGS
had greater ADG compared with
unsupplemented steers (Morris et
al., 2006).
Results from forage samples
collected during the current study

Table 1: Effect of distillers dried grains with solubles supplementation to heifers
grazing northern Great Plains rangeland on animal performance1.
Treatment2 			
Item

CON

SUP

SEM3

P  - value

Initial BW, lb
Final BW, lb
ADG, lb/d

706
790
1.19

699
815
1.65

2.3
5.5
0.05

0.09
0.03
0.002

1Means

presented are least squares means
= no supplement provided, SUP = distillers dried grains with solubles
   supplemented at 0.6% BW
3n=3
2CON

indicated CP was highest in June
and decreased in July and August
(10.17, 8.88 and 8.67, respectively).
Lardy et al. (2004) found similar
results for decreasing CP in the native Nebraska Sandhills range.
The results of the current
experiment indicate that supplementing DDGS to heifers will
increase performance while grazing. Whether heifers in the present study were nutrient deficient
is unclear, the protein and energy
provided by DDGS may improve
animal performance regardless of
nutritional status.

Feedlot
Final BW, ADG, DMI and G:F
did not differ (P ≥ 0.13) among
treatments (Table 2). Morris et al
(2006) supplemented DDGS to
steers grazing summer Sandhill
range and found no effects on DMI,
ADG and G:F. The present study
agrees with Morris et al (2006) and

suggests that the additional gain
attained from the DDGS during
grazing does not affect the animal
performance during finishing.
Average daily gain of heifers in the
current study was similar among
treatments (P = 0.78), which indicates that even though CON heifers
had lower pasture gains and feedlot entry weights, no compensatory
response was exhibited during
finishing.
Results indicate that supplementing distillers dried grains
with solubles during grazing is
beneficial to livestock performance.
Supplementation increased animal
performance while grazing without
affecting feedlot performance. Certainly the economic benefits of this
type of management practice will
depend on calf price and the cost of
DDGS. Producers should strongly
consider both factors in deciding
whether to utilize these strategies.
		

Table 2: Effect of distillers dried with solubles supplementation to heifers
grazing northern Great Plains rangeland on subsequent feedlot performance1.
Treatment2 			
Item

CON

SUP

SEM3

P  - value

Final BW, lb
ADG, lb
DMI, lb
G:F, lb

1251
4.23
28.4
0.15

1272
4.20
27.2
0.16

16.4
0.11
0.44
0.003

0.42
0.83
0.13
0.28

1Means

presented are least squares means
= no supplement provided, SUP = distillers dried grains with solubles
   supplemented at 0.6% BW
3n=3
2CON
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Influence of supplementation of corn dried distillers grains
plus solubles to growing cattle fed medium-quality hay on
growth performance and feeding behavior
A. Islas1, T.C. Gilbery1, R.S. Goulart1, M.L. Bauer1 and K.C. Swanson1

The objectives of this project were to determine the effect of
increasing supplementation of corn distillers grains plus soluble
(DDGS) on forage intake, average daily gain, gain efficiency
and feeding behavior in growing cattle fed medium-quality hay.
Supplementation of DDGS increased growth performance and
total dry-matter intake (DMI) and altered eating behavior in
growing steers fed medium-quality hay.

Summary

Introduction

Seventy steer calves were used
to determine the effect of increasing
supplementation of DDGS (0, 0.5
or 1 percent of body weight [BW],
dry-matter [DM] basis) on forage
intake, average daily gain, gain
efficiency and feeding behavior in
growing cattle fed medium-quality
hay. The experiment was conducted
from Dec. 7, 2011, through Feb. 28,
2012. Hay and DDGS were offered
daily and eating events were monitored using the Insentec system. Total DMI, average daily gain (ADG),
and gain efficiency increased (linear
P < 0.01) with increasing DDGS.
Hay intake decreased (linear P <
0.01) as DDGS intake increased.
Time at the hay feeder decreased
linearly (P< 0.01) with increasing
DDGS. Number, size and duration
of hay meals also decreased (linear
P < 0.01) with DDGS. Supplementation of DDGS (from 0.5 to 1 percent
of BW) can be utilized to increase
performance and reduce hay intake
and time consuming hay in growing steers fed medium-quality hay.

Supplementation of foragebased diets usually improves
performance by increasing the
digestibility and intake of the forage, supplying additional energy or
protein necessary for the observed
improved performance or both.
The use of ethanol byproducts
as supplement sources for foragebased feeding/grazing systems has
increased in recent years. Research
has suggested that ethanol byproducts, such as distillers grains,
can be an effective supplement for
forage-based systems. However,
less is known on the effects of supplementation on feeding behavior
and behavioral factors contributing
to differences in animals’ responses
to supplements.
The objectives of this project
were to determine the effect of
increasing supplementation of
DDGS on forage intake, average
daily gain, feed efficiency and feeding behavior in growing cattle fed
medium-quality hay.

1Department
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Procedures
Seventy steer calves (average
initial BW = 658 pounds) predomi-

nantly of Angus, Simmental and
Shorthorn breeding were blocked
by BW to three pens (n = 23 or 24
steers/pen) equipped with Insentec
feeders in the NDSU Beef Cattle Research Complex. Within each pen,
calves were randomly assigned to
one of three dietary treatments (n =
seven or eight steers per treatment
within pen; n = 23 or 24 per treatment): 1) medium-quality grass/legume hay offered for ad libitum intake, 2) supplementation of DDGS
at 0.5 percent of BW (DM basis)
and medium-quality grass/legume
hay offered for ad libitum intake
and 3) supplementation of DDGS
at 1 percent of BW (DM basis) and
medium-quality grass/legume hay
offered for ad libitum intake.
Limestone was mixed with the
DDGS (2.9 percent limestone, 97.1
percent DDGS) to provide enough
calcium in the 1 percent DDGS
treatment to achieve a predicted total dietary calcium-to-phosphorus
ratio of approximately 1.5-to-1 (1.1to-1 for DDGS/limestone mixture).
Nutrient composition of the hay
and DDGS/limestone mixture is
shown in Table 1.
Insentec feeders allow for offering specific amounts of feed (or
ad libitum access) to individual
animals out of common feeding
stations and recording the amounts
and times of all feeding events.
Supplement was offered in two
feeders and hay in six feeders per
pen. Calves were adapted to the
facilities and trained to the feeding system for approximately
four weeks prior to the start of the

experimental period.
Calves were fed experimental diets for 84 days. Calves were
weighed prior to feed delivery on
two consecutive days at the beginning and end of the experiment
and every 28 day throughout the
experiment. Feed samples were
collected weekly and analyzed for
dry matter, crude protein, neutral
detergent fiber, acid detergent fiber,
calcium and phosphorus. Total feed
intake and feeding behavior traits
(time at feeder, visits per day, visit

Table 1. Analyzed composition of dried
distillers grain plus solubles (DDGS)/
limestone mixture and medium-quality
hay.
Nutrient

DM, %

DDGS/
Limestone

Hay

91.4

86.7

---- %, DM basis ----

OM
CP
Crude fat
NDF
ADF
Calcium
Phosphorous
Sulfur

91.6
27.8
11.1
32.5
8.1
1.21
1.04
0.94

91.1
9.3
–
70.6
46.8
0.69
0.27
–

size, time per visit, meals per day,
meal size and time per meal) were
summarized from data collected
using the Insentec system. A meal
was defined as eating periods that
might include short breaks separated by intervals not longer than
seven minutes.

Results and Discussion
The influence of DDGS supplementation on feed intake and
growth performance in growing
steers is shown in Table 2. Initial
BW was not different among treatments. Final BW increased linearly
(P < 0.001) with increasing supplementation of DDGS. Average daily
gain responded quadratically (P =
0.02) as ADG increased to a lesser
extent when increasing DDGS
supplementation from 0.5 to 1 percent than from 0 to 0.5 percent.
Hay intake (pounds/day and
percent of BW) decreased in a
linear fashion (P < 0.01) as DDGS
supplementation increased. Total
DMI increased linearly (P <0.001)
with DDGS supplementation. Gain
efficiency (ADG/DMI) responded
quadratically (P = 0.006) as efficiency increased to a lesser extent when

Table 2. Influence of DDGS supplementation on feed intake and growth
performance of growing steers fed free-choice medium-quality hay.
DDGS, % of BWa
Item

Initial BW, lb
Final BW, lb
ADG, lb/day
DDGS intake, lb/day
DDGS intake, % of BW
Hay intake, lb/d
Hay intake, % of BW
Gain efficiency
aDDGS

Contrastc

0

0.5

1.0

SEMb

Linear Quadratic

665
698
0.37
0
0
13.7
2.02
0.03

659
779
1.43
4.03
0.56
11.7
1.63
0.09

650
802
1.85
6.85
0.94
9.8
1.36
0.11

10.1
14.0
0.104
0.16
0.15
0.31
0.04
0.006

0.29
0.87
<0.001
0.09
<0.001
0.02
<0.001
0.002
<0.001 <0.001
<0.001
0.80
<0.001
0.21
<0.001
0.006

supplementation: 0 = no supplementation; 0.5 = DDGS offered at 0.5%
   of BW; 1 = DDGS offered at 1% of BW.
bn = 7 to 8.
cProbabilities for the linear and quadratic effects of level of DDGS.

increasing DDGS supplementation
from 0.5 to 1 percent than from 0 to
0.5 percent.
The influence of DDGS supplementation on feeding behavior
(total intake including hay and
DDGS) of growing steers fed free
choice medium-quality hay is
shown in Table 3. The total amount
of time that steers expended at the
feeder decreased linearly (P <0.001)
as the DDGS supplemental amount
decreased. Bunk visits per day
decreased (linear and quadratic P <
0.05) with DDGS.
The number of bunk visits per
day was smallest for 0.5 percent
DDGS and highest for 0 percent
DDGS. In contrast, the amount of
feed consumed per visit decreased
(quadratic P < 0.05) with increasing
DDGS. The lowest amount of feed
consumed per visit was observed
in steers from the 0 percent DDGS
treatment and largest in steers from
the 0.5 percent DDGS treatment.
Supplementation of DDGS
did not affect time spent per bunk
visit (P = 0.47). Meals per day
increased (linear, P < 0.01) as DDGS
supplementation increased. Meal
size did not respond to DDGS (P =
0.51), but time per meal decreased
linearly (P < 0.01) with increasing
DDGS supplementation.
The influence of DDGS supplementation on feeding behavior for
hay in growing steers is shown in
Table 4. Time at the hay feeder and
visits per day decreased (linear, P
<0.01) with increasing supplementation of DDGS. The amount of
feed consumed per visit responded
quadratically (P < 0.01) as DDGS
increased, with the greatest observation at 0.5 percent DDGS. Time
per visit at the hay bunk was not
affected by DDGS. Hay meals per
day, meal size and time per meal
decreased (linear, P <0.05) with
increasing DDGS.
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Supplementation of DDGS
increased DMI, gain efficiency
and ADG in growing steers fed
free choice medium-quality hay.
However, with increasing supplementation, ADG and feed efficiency
increased at a decreasing rate,
indicating that improvements in
performance may plateau at higher
supplementation rates.
Supplementation of DDGS also
reduced hay intake and altered hay
eating behavior. Increasing intake
of DDGS reduced the amount of

time that steers spent at the hay
feeders and the number of visits
to the hay feeders. Supplemented
steers consumed more hay per
bunk visit within a similar amount
of time as nonsupplemented steers.
Supplementation of DDGS also
decreased hay meals per day, meal
size and time per meal.
Further research is needed to
understand how these changes in
feeding behavior may influence
feed digestion and utilization.
Therefore, supplementation of

Table 3. Influence of DDGS supplementation on total diet feeding behavior of
growing steers fed free-choice medium-quality hay.
DDGS, % of BWa
Item

Time at feeder, min/day
Visits, no./day
Visit size, lb/visit
Visit duration, min/visit
Meals, no./day
Meal size, lb/meal
Meal duration,
min/meal

Contrastc

0

0.5

1.0

SEMb

241
54.8
0.28
4.84
12.1
1.18

206
42.5
0.41
5.30
13.6
1.17

190
47.1
0.40
4.50
15.0
1.14

4.77
2.54
0.02
0.33
0.45
0.04

<0.001
0.035
<0.001
0.47
<0.001
0.51

0.10
0.008
0.02
0.13
0.95
0.88

21.0

15.3

13.0

0.78

<0.001

0.08

Linear Quadratic

aDDGS

supplementation: 0 = no supplementation; 0.5 = DDGS offered at 0.5%
   of BW; 1 = DDGS offered at 1% of BW.
bn = 7 to 8.
cProbabilities for the linear and quadratic effects of level of DDGS.

Table 4. Influence of DDGS supplementation on hay feeding behavior of growing
steers fed free-choice medium-quality hay.
DDGS, % of BWa
Item

Time at feeder, min/day
Visits, no./day
Visit size, lb/visit
Visit duration, min/visit
Meals,no./day
Meal size, lb/meal
Meal duration,
min/meal

Contrastc

0

0.5

1.0

SEMb

241
54.8
0.28
4.83
12.1
1.18

187
37.9
0.34
5.48
10.9
1.08

160
37.1
0.30
4.94
10.5
0.96

4.9
2.47
0.02
0.38
0.39
0.04

<0.001
<0.001
0.37
0.84
0.006
<0.001

0.03
0.01
0.04
0.21
0.41
0.81

21.0

17.3

15.7

0.85

<0.001

0.33

aDDGS

Linear Quadratic

supplementation: 0 = no supplementation; 0.5 = DDGS offered at 0.5%
   of BW; 1 = DDGS offered at 1% of BW.
bn = 7 to 8.
cProbabilities for the linear and quadratic effects of level of DDGS.
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DDGS (from 0.5 to 1% percentof
BW) can be utilized to reduce hay
intake and increase feed efficiency
and ADG in growing steers fed
medium-quality hay. Depending
on hay and DDGS cost, DDGS may
be a viable option for improving
growth performance in cattle fed
medium-quality hay diets.
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Effect of reciprocal levels of hull-less barley and corn
in finishing diets on feedlot performance and carcass
characteristics
V.L. Anderson1 and B.R. Ilse2

The objective of this study was to evaluate the effect of reciprocal
levels of hull-less barley and corn in finishing diets. Hull-less
barley is a highly nutritious feed that can be grown north and west
of corn-growing regions. This high-protein, low-fiber grain can
be substituted for corn in feedlot cattle finishing rations without
negatively affecting performance and with minimal effects on
carcass traits.

Summary
Hull-less barley (HB) varieties
have been developed for malting,
human food and feed. Barley is
grown in temperate regions north
and west of the Corn Belt and is
widely adapted to varying soil and
climatic conditions. Hull-less barley
contains 16.5 percent protein and
3.6 percent fat, compared with 13.2
percent protein and 2.2 percent fat
in covered barley.
A finishing study with 158
crossbred steers was conducted
with hull-less barley substituted
for corn at 0, 33, 67 and 100 percent
of the grain component of the diet.
Feed intake decreased linearly (P <
0.01) with increasing proportions of
hull-less barley, while overall gains
were not affected, resulting in a linear improvement in feed efficiency
(P = 0.03).
Carcass traits were not affected
with the exception of decreasing
marbling scores with increasing
proportions of hull-less barley (P =

1Carrington

Research Extension Center,
   NDSU
2Big Horn County Extension office,
   Montana State University

0.05). Yield grade tended to decrease with increasing proportions
of hull-less barley (P = 0.12), and
the percentage of USDA Choice
carcasses decreased from 64 percent
for 100 percent corn to 51 percent
for 100 percent hull-less barley,
respectively. Hull-less barley is a
viable grain for finishing feedlot
cattle.

Introduction
North Dakota’s variable
climate supports corn and barley
production, but these crops usually
are grown on different soil types
and under different climactic condi-

tions. While corn is the predominant cereal grain fed in much of the
state, challenges to successful corn
production in some areas, coupled
with the cost of growing corn, may
open doors for barley production.
If hull-less barley is agronomically
competitive, it could become a
mainstay feed grain for livestock,
especially in regions where corn
production is not practical.
Hull-less barley may provide
a high-energy feed ingredient with
more protein than corn. Conventional, or covered barley, is high
in starch, low in fat and high in
rumen-degradable protein. The
absence of a hull increases nutrient density for hull-less barley and
makes it comparable to corn for
nutrient density (Table 1).
The objective of this trial was
to determine the effects of hull-less
barley on animal performance, feed
efficiency and carcass traits when
fed in reciprocal amounts with corn
grain as the concentration portion
of feedlot finishing rations. The

Table 1. Nutrient content of hull-less barley and other common grains.
Dry matter

Hull-less barleya

Barleyb

Cornb

90.7

88.0

90.0

------------ Percent, DM basis ------------

Crude protein
Acid detergent fiber
Crude fiber
Calcium
Phosphorous
Fat
afrom

bfrom

16.5
1.9
1.5
0.0
0.4
3.6

13.2
5.8
3.4
0.1
0.4
2.2

9.8
3.3
2.3
0.0
0.3
4.1

samples analyzed by Stearns DHIA Laboratory, Sauk Center, Minn.
NRC, Nutrient Requirements of Beef Cattle, 7th Revised Edition, 1996
2012 North Dakota Beef Report  41

value of hull-less barley is calculated in relation to corn grain for
this study.

Procedures
One hundred fifty-eight crossbred steers were allotted by weight
to one of four barley-based diets
(four pens per treatment, minimum
of nine head per pen). Treatment
rations were formulated with corn
and hull-less barley in reciprocal
levels of 0, 33, 67 and 100 percent
of the grain component of the diets
(Table 2).
Hull-less barley and corn
grains were dry-rolled separately
to break or crush the grains with
minimal fines. Chopped hay and
corn silage were included in the
diets as well as dry distillers grains
with solubles as a protein source.
Supplemental minerals, vitamins
and the ionophore monensin
sodium (Rumensin) were included
with canola meal used to equalize
protein. Feed samples were collected for each weigh period and
analyzed at a certified laboratory.
Steers were housed and fed at
the Carrington Research Extension
Center in open dry lot pens, with
wind protection and bedding provided. All steers were implanted
with Synovex Plus (200 milligrams
of trenbolone acetate, 24 milligrams
of estradiol) prior to the start of the
trial.
The feeding study was initiated
on Feb. 2 and ended on May 4. The
total mixed ration (TMR) finishing
diets (avg 62 + Mcal NEg/lb) were
fed to appetite in fenceline bunks,
with daily bunk calls adjusted to
intake.
Calves were weighed approximately every 28 days, and feed
intake and gain were summarized
for each of the three weigh periods
and for the entire feeding period.
All steers were marketed at the
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Table 2. Feedlot diets with reciprocal levels of hull-less barley and corn.
Treatment, Hull-less Barley*		
0%
 	

33%

67%

100%

-------------- Percent DM basis --------------

Corn, dry rolled
60.56
41.15
21.58	  3.40
Hull-less barley, dry rolled	  0.00
19.77
38.94
56.73
Barley, dry rolled	 1.54	 1.36	 1.76	 2.36
Distillers grains, dry
17.00
17.10
17.25
15.41
Canola meal 	 6.59	 3.74	 0.94	 0.00
Supplement	 1.23	 1.33	 1.33	 1.39
Calcium carbonate	 0.59	 0.65	 0.65	 0.68
Straw, chopped	 6.82	 6.82	 6.89	 6.89
Corn silage	 5.65	 8.19
10.66
13.14
Total
Nutrient Content
Dry matter, %
NEg, Mcal/lb
Crude protein, %

100

100

100

100

79.81
62.99
13.99

77.70
63.50
14.31

75.77
63.92
14.63

73.90
63.92
15.05

*Target percentage of grain in the ration

same time at Tyson Fresh Meats in
Dakota City, Neb., when wes estimated that 60 percent would grade
USDA Choice. Carcass characteristics and USDA yield grade and
quality grades were determined
by qualified personnel along with
USDA graders in the plant.
All animals in this study were
managed according to guidelines
of the NDSU Institutional Animal
Care and Use Committee, which
approved the protocol.

Results and Discussion
Feed intake decreased linearly
(P < 0.01) with increasing hull-less
barley in the ration after the first
feeding period and overall (Table
3). Intake during the first 28 days
on feed was similar (P = 0.40)
among treatments. Average daily
gains were not affected by hullless barley level overall (P = 0.33),
although during the second 28 days
on feed, gains decreased linearly
(P < 0.01) with increasing levels of
hull-less barley. The net result over-

all was a linear improvement in
feed efficiency (P = 0.03), although
no particular weigh period showed
a significant response.
Carcass traits were not affected
by diet treatment with the exception of a linear decrease in marbling
scores with increasing amounts of
hull-less barley (P = 0.05). Yield
grade (P = 0.12) and dressing percent (P = 0.08) tended to decrease
with increasing amounts of hullless barley, and the percentage of
USDA Choice decreased from 64
to 63, 47 and 51 percent for 0 33, 67
and 100 percent HB, respectively
(Table 4).

Economics
The value of hull-less barley
was calculated in relation to corn
on a bushel basis using the feed
intake and gain data observed in
this study. A bushel of hull-less
barley weighs 48 pounds; corn is 56
pounds per bushel. The cost of feed
for 1 pound of gain in the control
ration (all corn) was used as the

Table 3. Performance of steers fed reciprocal levels of hull-less barley and corn in finishing rations.
Treatments
Hull-less barley, %
Corn, %

Initial wt., 2/2/2010
Final wt., 5/4/2010
Dry-matter intake
Avg. daily gain, lb
Feed-to-gain ratio, (DM)

0
100

33
67

982
1319
24.26 	
3.70
6.56

1010
1355
23.77
3.80
6.27

67
33

Contrasts		
100		
0
SE

1007
1006
1337
1337
22.90 	 21.49
3.63
3.64
6.21
5.94

15.4
18.3
1.04 	
0.07
0.18

P  Value

Control
vs. HB

0.56
0.16
0.59
0.26
0.06	 0.07
0.33
0.85
0.16
0.06

Lin

Quad

0.32
0.67
0.01
0.26
0.03

0.36
0.33
0.51
0.58
0.96

Table 4. Carcass traits of steers fed reciprocal levels of hull-less barley and corn in finishing rations.
Treatments
Hull-less barley, %
Corn, %

Hot carcass wt., lb
Dressing percent
Rib eye area, sq. in.
Fat thickness, in
KPH, %
Marbling score
Yield grade
Percent USDA Choice

0
100

33
67

67
33

804.8
64.14
13.56
0.57
2.43
428
3.12
64

825.6
64.16
13.51
0.63
2.38
429
3.36
63

811.7
63.90
13.94
0.54
2.36
403
2.95
47

basis for determining relative value
of hull-less barley for each respective treatment. The base price used
for corn was $6 per bushel, which
equates to $0.728 feed cost per
pound of gain.
At a 33 percent inclusion rate,
hull-less barley is valued at 114
percent of corn, or $6.89 per bushel.
For a 67 percent inclusion rate of
hull-less barley, the value decreases
somewhat to 110 percent of the
value of a bushel of corn, or $6.61
per bushel. At 100 percent of the
diet, HB has a value of 111 percent
of corn, or $6.65 per bushel.
This data shows that hull-less
barley has a higher value as feed

Contrasts		
100		
0
SE

807.2
63.55
13.67
0.51
2.33
411
2.94
51

11.7
0.25
0.16
0.04
0.04
11.9
0.14

than corn, which may affect the
decision to grow or purchase hullless barley. If hull-less barley can be
purchased, not paying more than
110 percent of the corn price would
be prudent, with any lower prices
resulting in greater profit to the
feeder.
The relative yield of raising
hull-less barley instead of covered
barley and the cost of producing
the respective crops are important
considerations for deciding to grow
this nutrient-dense feed grain.
However, the favorable relative
value gives feeders in the north and
west an option that will complement corn or provide competitive

P  Value

Control
vs. HB

Lin

Quad

0.58
0.31
0.26
0.15
0.48
0.15
0.11

0.43
0.36
0.44
0.85
0.16
0.09
0.81

0.93
0.08
0.31
0.12
0.13
0.05
0.12

0.27
0.48
0.50
0.23
0.75
0.47
0.37

gains when fed as the sole concentrate.
In this study, modified distillers grains were included in the
ration at 17 percent of the diet dry
matter. Previous work (Anderson
et al., 2011) suggests a higher level
(24 percent) of distillers grains may
result in improved gains in barleybased diets. The overall nutrient
density of such a ration allows for
added forage to further stabilize
the rumen and keep cattle on feed.
The authors appreciate the technical and administrative support from
CREC staff and the partial financial
support from the North Dakota Barley
Council for this project.
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Discovering value in North Dakota calves:
Dakota Feeder Calf Show feedout project XI (2011-2012)
Karl Hoppe1 and Dakota Feeder Calf Show Livestock Committee2

The objective of the Dakota Feeder Calf Show feedout project was
to help cattle producers identify superior cattle genetics. The
spread in profitability between the top and bottom five herds was
$138.49 per head.

Summary
The Dakota Feeder Calf Show
feedout project was developed to
discover the actual value of springborn beef steer calves, provide
comparisons between herds, and
benchmark feeding and carcass
performance. Cattle consigned
to the feedout project were delivered to the Carrington Research
Extension Center Livestock Unit
on Oct. 15, 2011. After a 200-day
feeding period, with a 2.34 percent
death loss, cattle averaged 1,353.6
pounds (shrunk harvest weight).
Feed required per pound of gain
was 6.74 (dry-matter basis). The
overall pen average daily gain was
3.62 pounds. Feed cost per pound
of gain was $0.711, and total cost of
gain per pound was $0.901. Profit
ranged from $216.14 per head for
pen-of-three cattle with superior
growth and carcass traits to a loss
of $5.26 per head. Substantial variability in the feeding and carcass
value of spring-born calves was
discovered through participation in
the feedout project.

Introduction
Determining calf value is a
continuing experience for cow-calf
producers. To remain competitive
1Carrington

Research Extension Center,
   NDSU
2Turtle Lake, N.D.
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with other livestock and poultry in
the meat industry, cow-calf producers need to identify superior
genetics and management. Marketplace premiums are provided
for calves that have exceptional
feedlot performance and produce
a high-quality carcass. In addition,
cost-effective feeding performance
is needed to justify the expense of
feeding cattle past weaning.
Because North Dakota has
low-cost feeds and a favorable
climate, low cost per pound of gain
can be accomplished (Hoppe et
al. 1997). Combining the low cost
of gains with the identification of
superior cattle, this feedlot project
provides cattle producers with an
understanding of cattle feeding and
genetics in North Dakota.

Procedures
The Dakota Feeder Calf Show
was developed for cattle producers willing to consign steer calves
to a show and feedout project. The
calves were received in groups of
three or four on Oct. 15, 2011, 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
to the owners at the beginning of
the feedout.

The calves then were shipped
to the Carrington Research Extension Center, Carrington, N.D., for
feeding. Prior to shipment, calves
were vaccinated, implanted, dewormed and injected with prophylactic long-acting oxytetracycline.
Calves then were sorted and placed
on corn-based receiving diets. After
a two-week adaptation period, the
calves were moved on to a 0.62
megacalorie of net energy gain
(Mcal NEg) per pound finishing
diet. Cattle were weighed every 28
days and updated performance reports were provided to the owners.
An open house was held on
Feb. 9, 2012, at the Carrington Research Extension Center Livestock
Unit, where the owners reviewed
the calves and discussed marketing
conditions.
The number of cattle consigned
was 128, of which 110 competed
in the pen-of-three contest. Cattle
were implanted with Synovex S
upon arrival and reimplanted with
Revalor S 107 days prior to slaughter.
The cattle (125 head) were harvested on May 3, 2012. 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
competition was based on the best
overall score. Overall score was determined by adding the index value
for feedlot average daily gain (25
percent of score), marbling score
(25 percent of score) and profit (25
percent of score) and then subtracting index value for calculated yield

Table 1. Feeding performance — 2011-2012 Dakota Feeder Calf Show Feedout.
			
Pen
Best Three
Average
of Three
Score Total
Birth Date

Average
Weight per
Day of Age

Average			
Calculated
Harvest
Average
Marbling
Yield
Weight
Daily Gain
Score
Grade

Ave Feeding
Profit or
Loss / Head

    1
    2
    3
    4
    5

2.269
2.162
2.151
1.901
1.836

5-Mar-11
11-Apr-11
23-Mar-11
3-May-11
25-Mar-11

3.45
3.63
3.47
3.83
3.37

1,461.6
1,403.8
1,410.5
1,396.4
1,356.7

3.73
4.27
4.14
4.01
3.78

520.0
540.0
413.3
483.3
426.7

2.98
3.06
2.20
2.82
2.67

$216.14
$182.57
$182.60
$156.15
$161.41

Average
top 5 herds

2.064

1-Apr-11

3.550

1,405.78

3.987

476.67

2.75

$179.78

    6
    7
    8
    9
   10
   11
   12
   13
   14
   15
   16
   17
   18
   19
   20
   21
   22
   23
   24
   25
   26
   27
   28

1.835
1.821
1.810
1.731
1.726
1.696
1.695
1.677
1.670
1.666
1.644
1.627
1.614
1.588
1.524
1.503
1.490
1.441
1.231
1.201
1.103
1.094
1.043

19-Apr-11
3-Apr-11
18-Mar-11
23-Feb-11
13-Apr-11
25-Mar-11
20-Mar-11
22-Apr-11
1-Apr-11
30-Mar-11
22-Apr-11
7-May-11
30-Apr-11
19-Apr-11
7-Mar-11
18-Apr-11
12-Apr-11
5-Apr-11
8-Apr-11
29-Mar-11
11-Apr-11
13-Apr-11
19-Apr-11

3.65
3.32
3.31
3.27
3.63
3.33
3.74
3.37
3.30
3.54
3.53
3.55
3.36
3.68
2.91
3.30
3.46
3.33
3.56
3.16
3.41
3.39
3.45

1,381.7
1,310.1
1,358.4
1,418.1
1,395.4
1,340.8
1,527.9
1,260.6
1,305.2
1,408.9
1,325.7
1,281.7
1,237.4
1,391.2
1,227.4
1,255.1
1,333.1
1,309.8
1,386.7
1,264.3
1,072.3
1,305.2
1,308.7

3.94
3.60
3.66
3.57
4.05
3.67
4.30
3.76
3.44
3.72
3.43
3.74
3.45
3.99
3.86
3.54
4.10
3.64
3.72
3.40
3.76
3.93
3.73

416.7
496.7
466.7
463.3
503.3
403.3
476.7
453.3
383.3
503.3
370.0
440.0
373.3
456.7
486.7
523.3
443.3
423.3
436.7
373.3
445.0
376.7
496.7

2.18
2.64
2.59
3.22
3.11
2.12
3.39
2.37
1.56
2.96
1.90
2.56
1.57
3.26
2.95
2.88
3.09
2.72
2.84
2.57
2.74
2.33
4.18

$139.85
$145.59
$147.84
$164.21
$135.03
$127.66
$140.60
$119.89
$113.43
$129.96
$126.76
$123.37
$108.01
$133.71
$108.32
$102.54
$112.43
$109.15
$76.86
$87.23
$132.81
$44.94
$86.10

   29
   30
   31
   32
   33

0.914
0.846
0.808
0.741
0.630

18-Apr-11
3-Apr-11
17-Apr-11
16-Apr-11
24-Mar-11

3.29
3.59
3.20
3.12
3.62

1,248.6
1,174.0
1,219.2
1,190.4
1,466.0

3.64
4.09
3.60
3.41
4.14

473.3
445.0
456.7
396.7
446.7

3.08
3.92
3.44
2.13
3.98

$31.62
$112.33
$35.85
   $(5.26)
$16.91

Average
bottom 5 herds 0.788

9-Apr-11

3.364

1,259.64

3.776

443.67

3.31

$38.29

1.506

6-Apr-11

3.428

1,325.237

3.783

448.889

2.788

$115.35

0.420
33

16.9
33

0.194
33

94.852
33

0.254
33

46.685
33

0.619
33

48.789
33

Average
Standard
Deviation
Number
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grade (25 percent of score). The
Dakota Feeder Calf Show provided
awards for the top-placing pens of
steers.

Results and Discussion
Cattle consigned to the Dakota
Feeder Calf Show feedout project averaged 596.4 pounds upon
delivery to the Carrington Research
Extension Center Livestock Unit on
Oct. 15, 2011. After an average 200day feeding period, cattle averaged
1,353.6 pounds (at plant, shrunk
weight). Three deaths, or a 2.34 percent death loss, occurred during the
feeding period. Average daily feed
intake per head was 33.5 pounds,
as-fed basis, and 24.4 pounds,
dry-matter basis. Pounds of feed
required per pound of gain were
9.2, as-fed basis, and 6.7 pounds,
dry-matter basis.
The overall feed cost per pound
of gain was $0.710. Overall yardage
cost per pound of gain was $0.075.
The combined cost per pound of
gain, including feed, yardage, veterinary, trucking and other expenses except interest, was $0.901.
Calves were priced by weight
upon delivery to the feedlot. The
pricing equation ($ per 100 pounds
= (-0.080903625* initial calf weight,
pounds) + 198.9158584) was determined by regression analysis on
local livestock auction prices for the
week before and after delivery.
The carcass characteristics were
collected and used in calculating
indexes for scoring. The carcasses
contained USDA quality grades at
0 percent Prime, 76 percent Choice
or better (including 5.6 percent
Certified Angus Beef), 23.2 percent
Select and 0.8 percent Standard and
USDA yield grades at 7.2 percent
YG1, 29.6 percent YG2, 49.6 percent YG3, 12 percent YG4 and 1.6
percent YG5.
Carcass value per 100 pounds
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was calculated by using the actual
base carcass price plus premiums
and discounts for each carcass.
Grid price received was: $195.04
Choice YG3 base with premiums:
Prime $20, CAB $4, YG1 $6.50, YG2
$3, and discounts: Select $5, Standard (no roll) $15, YG4 $8, YG5 $20,
carcasses greater than 1,050 pounds
$20.
Profit or loss accounted for initial calf price, feed, yardage, veterinary, freight, brand inspection, beef
checkoff, 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 $85.72-per-head profit with death
loss included.

Pen-of-three-calves Competition
Results from the calves selected
for the pen-of-three competition are
listed in Table 1.
Overall, the pen-of-three calves
averaged 392 days of age and
1,325.2 pounds per head at harvest.
The overall pen-of-three average
daily gain was 3.78 pounds, while
weight per day of age was 3.43
pounds. The overall pen-of-three
marbling score was 443.6 (low
choice, small marbling).
Correlations between profit and
average birth date, harvest weight,

average daily gain, weight per day
of age or marbling score are shown
in Table 2. No individual trait had a
high correlation to profit.
The top profit pen-of-three
calves with superior genetics returned $216.14 per head, while the
bottom pen of three calves returned
a $5.26 per head loss. The average
of the top five scoring pens of steers
averaged $179.78 per head, while
the average of the bottom five scoring pens of steers averaged $38.29
per head.
For the pen-of-three competition, average profit was $115.35 per
head. The spread in profitability
between the top and bottom five
herds was $138.49 per head.

Implications
Calf value is improved with
superior carcass and feedlot
performance. Exceptional average
daily gains, weight per day of age,
harvest weight and marbling score
can be found in North Dakota beef
herds. Feedout projects provide
a source of information for cattle
producers to learn about feedlot
performance and genetic differences, and discover cattle value.

Literature Cited
Hoppe, K.F., V.L.Anderson, H. Hughes
and K. Alderin. 1997. Finishing
North Dakota Calves in North
Dakota or Kansas - Final Report. A
Report on Agricultural Research and
Extension in Central North Dakota.
38:7.

Table 2. Correlation between profit and various production
measures (pen-of-three).
Correlation Coefficient

Profit and average birth date
Profit and average harvest weight
Profit and average daily gain
Profit and weight per day of age
Profit and marbling score
Profit and yield grade

-0.3043
0.4119
0.2660
0.3286
0.3311
-0.1194

Eastern Dakota Cattle Feedout Project VII: Discovering
value in North Dakota calves — Progress Report Year 2010-2011
Karl Hoppe1, Al Ulmer2, Brad Brummond3, Mark Miller4 and Bill Hodous5

The objective of the Eastern Dakota Cattle Feedout Project was
to discover the actual value of spring-born beef steer calves,
provide comparisons among herds, and benchmark feeding and
carcass performance for contributing North Dakota cow herds.
Profitability among herds ranged from $70.03 to minus $242.09
per head for 2010-2011.

Summary
Cattle consigned to the feedout project averaged 748.7 pounds
upon delivery to the Pipestem
Feeders Feedlot, Carrington, N.D.,
on Dec. 6, 2010. After an average
164-day feeding period, with a 2.04
percent death loss, cattle averaged 1,205.3 pounds (weight at
processing plant). Average daily
feed intake per head, as fed, was
35.4 pounds, while pounds of feed
required per pound of gain were
14.0. Diet dry matter was 64 percent. The calves averaged 427 days
of age at harvest. The overall pen
average daily gain, with death loss
included, was 2.54 pounds. The
feed cost was $0.851 per pound,
and total cost of gain without
interest was $1.144. The cattle were
harvested on May 5 and June 11,
2011. Marbling scores averaged
457.7 (low choice). The overall loss
before deducting interest expense
per head was $97.90. The average
1Carrington

Research Extension Center,
   NDSU
2LaMoure County Extension office,
   NDSU
3Walsh County Extension office, NDSU
4Rolette County Extension office,
   NDSU
5Ramsey County Extension office,
   NDSU

profit before interest expense for
the top group of six calves with
superior growth and carcass traits
was $70.03 per head, while bottom
group of lower-performing calves
lost an average of $242.09 per head.
The wide range in profitability
indicates a significant performance
variability among the cattle consigned by cattle producers to the
Eastern Dakota feedout project.

Introduction
Determining calf value is a
continuing experience for cow-calf
producers. Previous trials (Hoppe
et.al. 1997, 2009, 2011) support costeffective feeding of cattle to finish
in North Dakota. These trials also
identify wide variation in performance for cattle consigned by producers. Because producers should
make management decisions based
on their own cattle’s performance,
feedout projects such as the Eastern
Dakota Cattle Feedout Project were
developed to explore differences
in feedlot and carcass performance
among North Dakota cattle.

Procedures
Calves were received in groups
of six or more calves on Dec. 6,
2010, at Pipestem Feeders feedlot,
Carrington, N.D. The calves were

individually weighed, ear tagged,
vaccinated (IBR, BVD, PI3, BRSV)
and treated with an anti-parasiticide and comingled.
During a six-week period, the
calves were transitioned to a finishing diet of 0.62 megacalorie of net
energy gain (Mcal NEg/lb) through
a series of step-up rations containing increased amounts of corn grain
and wet distillers grains. The calves
were weighed every four to six
weeks, and updated performance
reports were sent to the owners.
Two calves were returned to
the owners on Feb. 1 and April 1,
2011, due to poor performance or
injury.
Cattle (46 head) were harvested
at Tyson Fresh Meats, Dakota City,
Neb., and priced using a carcass
grid with premiums and discounts.
Carcass data was collected after
harvest.
Consignee meetings were
held individually to discuss cattle
performance after the project was
completed.

Results and Discussion
Cattle consigned to the Dakota
Feeder Calf Show Feedout Project averaged 745.71 pounds upon
delivery to the Pipestem Feeders
Feedlot, Carrington, N.D., on Dec.
6, 2010. After an average 164-day
feeding period, cattle averaged
1,184.6 pounds (at plant, shrunk
weight). One death (2.04 percent
death loss) occurred during the
feeding period due to chronic
pneumonia. Average daily feed
intake per head was 35.4 pounds,
as-fed basis, and 22.6 pounds,
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dry-matter basis. Pounds of feed
required per pound of gain were
14.0, as-fed basis, and 8.9 pounds,
dry-matter basis.
The number of cattle consigned
was 49. Cattle were implanted with
Synovex Choice to increase weight
gain and maintain carcass quality.
The overall feed cost per pound
of gain was $0.851. The overall
yardage cost per pound of gain
was $0.110. The combined cost
per pound of gain, including feed,
yardage, veterinary, trucking and
other expenses except interest, was
$1.144. Trucking to Tyson Fresh
Meats, Dakota City, Neb., averaged
$38.65 per head.
Cattle were ultrasounded to
determine backfat and marbling on
May 2, 2011. Cattle were sorted by
weight and backfat thickness and
harvested on May 5 or June 7, 2011.
The carcass characteristics were collected after harvest. Market value
was based on actual carcass price
received (Table 1).
Cattle performance was reported individually to the consignees. Average cattle performance by
consignee is reported in Table 2.
Overall, calves were 427 days
of age and averaged 1,205.3 pounds
per head at harvest. The average
daily gain was 2.76 pounds, while

Table 1. Carcass characteristics and grid prices for
Eastern Dakota Cattle Feedout cattle.
Harvest Date
Carcasses

5-May-11
%

7-Jun-11

$/cwt*

%

$/cwt

Quality Grade
Prime 	  0
18
0
18
CAB**
20	 3	 3.8	 3
Choice
70	 0
61.5	 0
Select
10	  -6
34.6	   -6
Standard	 0
-25
0
-25
Yield Grade
YG 1	 0	 4	 7.6	 4
YG 2
20	 2
50	 2
YG 3
70	 0
42.3	 0
YG 4
10
-15
0
-15
YG 5	  0
-25
0
-25
No. of head
Base price***

20	   26
189.74
171.2

*discount or premium with grid pricing
**(high and average Choice; moderate and modest marbling)
***Dressing percent was 62.50% based on at plant pre-harvest live weight.
Shipping shrink was 6.25%						

weight per day of age was 2.9
pounds. Marbling score was 457.7
(low choice/small marbling).
Profit or loss was calculated
using initial calf price as price per
100 pounds, $ = 176.1507– (0.07304
* initial calf weight). Profit or loss
accounted for initial calf price, feed,
yardage, veterinary, freight, brand
inspection, beef check off, ultra-

sound and carcass data collection
costs. Interest costs on cattle and
feeding 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 $97.90 per head loss. However,
the top profit herd of calves returned $70.03 per head, while bot-

Table 2. Feeding performance – 2010-2011 Eastern Dakota Cattle Feedout.
			 Average			
		
Harvest
Daily Weight per Carcass
Herd
Date of Birth
Weight
Gain Day of Age Backfat

1
2
3
4
5
Mean
Standard
Deviation
Number

Carcass
Carcass
USDA
Marbling Profit or Loss
Yield Grade
score
Per Head

1-Mar-10
12-Apr-10
15-Mar-10
4-Apr-10
-

1227.4
1231.4
1200.8
1240.9
1126.4

2.9
3.1
2.6
2.4
2.7

2.9
3.0
2.8
3.0
-

0.6
0.3
0.5
0.4
0.4

12.6
13.8
12.7
14.1
12.5

3.3
2.4
3.1
2.4
2.7

545.0
448.3
462.6
410.0
422.9

$70.03
$(37.28)
$(114.19)
$(166.48)
$(242.09)*

23-Mar-10

1,205.38

2.76

2.90

0.44

13.15

2.77

457.76

$(97.90)

19.246
4

46.579
5

0.284
5

0.111
4

0.100
5

* one calf died due to pneumonia
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0.749
5

0.427
5

52.968
5

120.037
5

tom pen of calve returned a loss of
$242.09 per head (Table 2).
The correlation between profit
and marbling score was high (.87).
Other correlations between profit
and date of birth, harvest weight,
average daily gain, weight per
day of age, carcass backfat, carcass
rib-eye area and UDSA yield grade
were lower (Table 3).
The Dakota Feeder Calf Feedout Project continued for seven
years to allow producer to gain
feedlot and carcass information on
their calves as well as profitability.
Table 4 shows that profit during
the seven years averaged $19.64
per head per year, with death loss
included. However, feeding losses
were incurred four out of the seven
years.
Prices used for calculating
profit were actual prices received
the day of entry into the feedout
and at harvest. Price protection or
forward pricing was not utilized.
Using price protection strategies
may have helped reduce losses in
low-profit years but also may have
reduced profit potential in higherprofit years.

Table 3. Correlations between profit and various production
and carcass measurements.
Correlation Coefficient

Profit and Date of Birth
Profit and Harvest Weight
Profit and Average Daily Gain
Profit and Weight per Day of Age
Profit and Carcass Backfat
Profit and Carcass Ribeye Area
Profit and USDA Yield Grade
Profit and Marbling Score

-0.5469
0.6389
0.6144
-0.0517
0.4584
-0.0503
0.4974
0.8771

Implications

Literature Cited

Calf value is unknown until
cattle are fed to finish. Feedlot
performance is important for
increased weight gain and heavier
carcass weights. Exceptional average daily gains, weight per day
of age and carcass characteristics,
including marbling score, can be
found in North Dakota beef herds.
Feedout projects provide a source
of information for cattle producers
to learn about genetics, calf performance and cattle value. Profit best
correlates to more marbling score,
heavier harvest weight, higher
yield grade and average daily gain.
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Hoppe, K.F., B. Hodous, B. Brummond,
L. Bower and M. Miller. 2009. Eastern Dakota Cattle Feedout Project
IV: Discovering value in North
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2007-2008. NDSU Beef Cattle and
Range Research Report 2008:38.
Hoppe, K.F., A. Ulmer, B. Brummond,
M. Miller and A. Johnson. 2011. Eastern Dakota Cattle Feedout Project
VI: Discovering value in North
Dakota Calves. Progress Report Year
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Table 4. Closeout Report Summary - 2004-2011 Easter Dakota Cattle Feedout.
									
Percent			
Feed
		
Number In
Cost
Out
Cost
Harvest		
Death		
F/g Cost of
Year
Location
of Cattle Weight $/cwt Weight $/cwt
Date
ADG Loss
F/g
DM Gain

Total
Cost
# Gain

2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11

$0.435 $135.24
$0.440 $(74.86)
$0.617 $153.95
$0.846 $(33.92)
$0.985 $(101.15)
$0.726 $156.16
$1.144 $(97.90)

NDSU- CREC
NDSU- CREC
NDSU- CREC
Pipestem Feeders
Pipestem Feeders
Pipestem Feeders
Pipestem Feeders

Average		
Standard
Deviation

636
656
700
665
722
691
746

147.1

688.0 $107.594 1227.7 $93.757 16-May-08 3.031 1.37% 10.858 7.171 $0.5196 $0.7419 $19.6457 $92.2496
12.41

1197
1276
1204
1198
1240
1294
1185

43.06

$91.64
$79.30
$98.97
$93.73
$85.54
$96.96
$110.16

9.895

16-Apr-05
5-May-06
16-May-07
14-May-08
13-Jun-09
4-Jun-10
20-May-11

804

3.43
3.39
2.98
3.01
2.54
3.35
2.52

0.387

0.0%
0.0%
0.9%
2.7%
3.0%
0.9%
2.0%

0.012

9.26
8.71
10.34
10.06
12.99
10.62
14.04

1.949

6.74
6.34
7.53
6.54
7.27
6.79
8.98

0.898

$0.262
$0.263
$0.444
$0.586
$0.720
$0.510
$0.852

Breakeven

33
66
213
262
297
110
49

108.48 38.50

$112.74
$124.11
$103.17
$105.70
$90.90
$95.58
$120.96

Per
Head
Profit

0.221

0.269

122.641

$80.34
$85.16
$86.06
$96.63
$93.95
$85.01
$118.60

12.904
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Impacts of snowmelt on feedlot runoff nitrogen loading
Ron Wiederholt1

The objective of this study was to evaluate the nutrient loading of
feedlot runoff. Three years of feedlot runoff monitoring at a North
Dakota Discovery Farm showed that spring snowmelt is the major
contributor to nitrogen loading of feedlot runoff. Collection of onfarm data enabled the feedlot operator to implement construction
of a clean-water diversion around the feedlot area to decrease the
amount of snowmelt entering the feedlot.

Summary

Introduction

The North Dakota Discovery
Farms program was initiated in
2007 in cooperation with the North
Dakota Department of Health and
the U.S. Geological Survey Water
Center, Bismarck, N.D., to better understand the water quality
impacts of feedlot runoff. Surface
water runoff monitoring equipment
was installed and fully operational
at a feedlot site near Underwood,
N.D., in the summer of 2008. The
site that was selected is representative of medium-sized animal feeding operations in North Dakota.
Three sets of runoff monitoring
gaging stations were installed
strategically at the farm to monitor nutrient loading of the feedlot
runoff adjacent to the feedlot and
down-landscape. Preliminary results show that nitrogen loading is
significant at the edge of the feedlot
and does decrease significantly as it
travels through the drainage area.
The runoff also has a seasonal pattern, with the majority taking place
during spring snowmelt.

North Dakota Discovery Farms
are working farms and ranches
whose owners partner with natural
resource managers. Together, they
evaluate the effectiveness of various practices at reducing environmental impacts while maintaining
farm profitability. The concept
originated in Wisconsin in response
to concerns that environmental
regulations were inconsistent with
profitable agricultural production.
Similar concerns exist in North
Dakota. The Discovery Farms
program provides real-life data to
producers that are necessary for
making informed decisions regarding agriculture and the environment.

1Carrington

Research Extension Center,

   NDSU
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Procedures
To determine the flow and nutrient content of feedlot runoff water, gaging stations with H-flumes
and ISCO automated samplers are
installed strategically to determine
the flow rate of runoff and nutrient
concentration, respectively. Runoff
samples are collected during runoff
events that best represent the runoff or storm event. The samples are
analyzed for total nitrogen, total
phosphorous, sediment concentration and chloride. For this report,
only nitrogen runoff sample analy-

ses results are being reported but
other data is being collected and
will be summarized and reported
in the future.
Three gaging stations were
installed at the Underwood site to
understand the impacts of runoff
as it flows across the drainage area.
Gaging station 1 (G1) was installed
to sample runoff from the natural
exit point for all the runoff at the
edge of the feedlot. Gaging stations 2 (G2) and 3 (G3) are installed
one-quarter and one-half mile,
respectively, down-landscape from
the feedlot.
G2 and G3 were installed to
determine the impacts of feedlot
runoff flowing through a heavily
grassed and wooded drainage area,
as well as the effect of cropland
runoff that enters the drainage area
directly above G2. G1 measures the
runoff from about 30 acres, while
G2 and G3 measure the possible
runoff from nearly 600 acres.
No runoff containment or diversions are installed at the feedlot.
The feedlot has tree or building
windbreaks on the north, northwest and northeast sides.
The spring snowmelt events
for 2009, 2010 and 2011 were above
normal. This caused some equipment failures that were unexpected
at the outset of the project. However, valuable data was collected
that can help us better understand
the impacts of snowmelt on feedlot
runoff management.

Results and Discussion
The monitoring data showed
that feedlot runoff has a seasonal
pattern. The majority of feedlot
runoff that would be of concern
happens with snowmelt runoff.

Through the three years, no runoff
events happened during the summer or fall that could be measured
at G3. However, with the extreme
snowmelt events during the spring
of 2009, 2010 and 2011, runoff was
measured during March, April and
May at all three gaging stations.
Results measured at G2 are not
included in this discussion because
they do not alter the outcomes of
the overall results
The data in Table 1 is the combined monthly average data from
the three years of runoff during
March, April and May and shows
a significant load of nitrogen (N) in
the runoff water at the edge of the
feedlot (G1). However, that data
show a 54 percent decrease in N
load by the time the runoff water
is measured one-half mile further
down the drainage area at G3.
In contrast, the flow that is being measured increased 80 percent
from G1 to G3. Therefore, a significant amount of snowmelt runoff
water is entering the drainage area
from the cropland adjacent to the

feedlot.
Table 2 shows that the rate
of N loading in the runoff water
decreases from 850 pounds/cubic
foot/second at G1 to 77 pounds/
cubic foot/second at G3, which is a
91 percent decrease. This is another
way to look at the combination of
load and flow and shows that most
of the decrease in N load from G1
to G3 is due to an increase in runoff
entering the system, leading to a
dilution effect.
The confirmation of the temporal pattern of the runoff has some
significant implications for management of feedlot runoff. At the
study site, no work has been done
to divert snowmelt water from entering the feedlot. Snow accumulation in the tree windbreaks around
the feedlot has been significant
the past three winters. Like many
feedlot situations, the snowmelt is
allowed to flow into and through
the feedlot.
After reviewing the data, the
feedlot owner has decided to move
forward with installing clean-

water diversions to help manage
snowmelt runoff. Monitoring will
continue at the site to determine the
impact of diverting the snowmelt
from entering the feedlot.

Table 1. Total nitrogen load and runoff
flow at the edge of a feedlot (G1) and
1/2 (G3) mile down-landscape from
the feedlot during the snowmelt period
of 2009, 2010 and 2011.
G1

Total nitrogen
load* (lbs)
11793
Total flow (cu ft/sec)
14

G3

5441
70

*Three-year average

Table 2. Rate of nitrogen loading at the
edge of a feedlot (G1) and 1/2 (G3)
mile down-landscape from the feedlot
during the snowmelt period of 2009,
2010 and 2011.
Total nitrogen
(lbs/cu ft/sec)

G1

G3

850
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Importance of livestock facilities for wintering
ring-necked pheasant
J.W. Stackhouse1, 2, K.K. Sedivec1 and B.A. Geaumont2

The study objectives were to evaluate ring-necked pheasant winter
habitat selection and provide managers and landowners with
knowledge to aid in the management of the species on private
and public lands. Our findings demonstrate the importance of
farmsteads that contain livestock to pheasants during the winter
months in southwestern North Dakota.
1School

of Natural Resource Sciences, NDSU
Research Extension Center, NDSU

2Hettinger

Summary
Determining habitat use and
preference of ring-necked pheasants (Phasianus colchicus) allows
land managers to improve their
understanding of the species and
alter the landscape habitats to
improve the vitality of the population. Winter habitat is a common
limiting factor to pheasant populations throughout North Dakota.
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Understanding pheasant needs and
preferences allows managers and
landowners to create ideal wintering habitats to potentially increase
winter survival and the overall
number of pheasant on the landscape. During this study, pheasants were captured and equipped
with radio collars (n = 192) to be
followed, and their habitat use
was recorded until their demise
or the end of the study. Pheasants
were tracked and their locations
recorded from Jan. 1 to April 1 for
the cold, wet winter of 2011 and
the mild, dryer winter of 2012.
Although climatologically quite
different, pheasants showed a high
level of habitat use and preference
toward farmsteads with livestock,
irrelevant of climatic conditions.

Introduction
Introduced to North America
in 1881, ring-necked pheasant are a
highly sought after game bird with
much research conducted regarding their ecology (Trautman, 1982;
Johnson and Knue, 1989). Due to
high winter mortality, many pheasant habitat studies have focused on
winter survival and its relationship
to cover and food plot habitat types
(Dumke and Pils, 1973; Gabbert et
al., 1999).
The objective of this study was
to assess winter pheasant habitat
use and movements in southwestern North Dakota. The usage of
a resource is defined as the quantity of the resource that is utilized
(Manly et al., 2002). The assumption is that species will select resources that are best able to satisfy
their life requirements, therefore
increasing the populations’ viability (Manly et al., 2002). This research
was conducted to examine winter
habitat use of radio-collared pheasants to provide insight to managers
attempting to alter lands to increase
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pheasant numbers for recreational
opportunities.

Procedures
The study was conducted on
approximately 58,000 acres of public and privately owned lands near
Hettinger, N.D., in Adams County.
The study area receives approximately 16 inches of precipitation
annually, with the average winter
temperature (January through
March) of approximately 16 F and
average summer temperature (June
through August) of approximately
66 F (NDAWN 2012).
For the duration of our study,
we monitored male and female
pheasants equipped with 12-gram
necklace-type radio transmitters.
We used trapping and handling
techniques that were approved by
the North Dakota State University
Institutional Animal Care and Use
Committee (Protocol #A11034). We
monitored pheasant movements

two to three times per week using
telemetry equipment. Pheasant locations were recorded using handheld global positioning system
(GPS) devices.
Habitat preference is defined
as the disproportionate use of some
resources versus others (Gabbert
et al., 1999). Habitat selection is
the act of the animal choosing a
particular resource. Habitat use is
the quantity of a habitat resource
being utilized (Johnson, 1980). We
estimated habitat selection and
preference using logistic regression
and resource selection function
analyses. The selection ratios (Table
1) were converted into odds of
selection among the habitat types
considered by using resource selection function techniques (Table 2)
(McDonald et al., 2005).
Habitat type was broken into
seven categories: Conservation
Reserve Program (CRP) cover,
range cover, shelterbelts, wetlands,

Table 1. Logistic regression output for second-order selection for a population of
pheasants equipped with radio collars during the winters of 2011 and 2012 in
southwestern North Dakota, Jan, 1 to April 1.
Parameter

Coefficient Standard Error Chi-Squared

Prob. > X2

Winter 2011a

$0- Intercept
CRP
Crop
Farmstead
Range
Wetland
Shelterbelt

0.86
-0.79
-1.47
2.91
-3.84
0.09
2.41

0.319
0.325
0.332
0.441
0.352
0.383
0.395

7.23
5.92
19.54
43.35
119.05
0.06
37.10

0.0072
0.0150
<0.0001
<0.0001
<0.0001
0.8129
<0.0001

Winter 2012b

$0- Intercept
CRP
Crop
Farmstead
Range
Wetland
Shelterbelt
aWinter

bWinter

-2.05
2.45
1.22
3.58
0.65
3.49
3.12

0.475
0.481
0.483
0.554
0.551
0.520
0.600

2011- Observed (n=1,863); Random (n=1,863).
2012- Observed (n=882); Random (n=882).

18.70
26.05
6.41
41.78
1.40
45.21
27.01

<0.0001
<0.0001
0.0114
<0.0001
0.2364
<0.0001
<0.0001

croplands, farmsteads and other
(primarily urban areas). We designated the population’s available
habitat and general study area by
using 2010 NAIP imagery to designate cover types and delineated
each cover type. The observed data
points (used habitat) then were
overlain and intersected with the
digitized map to quantify observed
habitat use for each bird in the
population.
Winter resource selection was
estimated using 2,745 observed
pheasant locations during the two
winters of our study. We collected
and analyzed data on pheasants
during the winters of 2011 and 2012
from Jan. 1 to April 1.

Table 2. Estimated values for the resource selection function presenting
estimated relative probability of selection among each habitat type used
(P - value < 0.05) from a population of pheasants equipped with radio collars in
southwestern North Dakota (ns- refers to “not significant” at 95% confidence
level).
Habitat Type

w(xi)c

w(xi)/∑ w(xi)c

Winter 2011a

Other
CRP
Crop
Farmstead
Range
Wetland
Shelterbelt
Totals

1.00
0.45
0.23
18.36
0.02
ns
11.13
31.20

0.032
0.015
0.007
0.588
0.001
ns
0.357
1.000

w(xi)c

w(xi)/∑ w(xi)c

Winter 2012b

1.00
0.009
11.59
0.108
3.39
0.032
35.87
0.334
ns	  ns
32.79
0.306
22.65
0.211
107.28
1.000

aWinter

2011- Observed (n=1,863); Random (n=1,863); (Jan. 1 – March 31).
2012- Observed (n=882); Random (n=882); (Jan. 1 – March 31).
cResource Selection Function: w(x )= values from selection ratios;
i
   w(xi)/∑ w(xi)=  probability (odds) of habitat use
bWinter

Results and Discussion
During the comparatively
harsh winter of 2011, pheasants
showed strong selection for farmsteads and shelterbelts and avoidance toward CRP, crop and range
cover types, compared with the
“other” habitat category (Table 1; as
indicated by a positive coefficient).
The mild winter of 2012 revealed pheasant selection toward
CRP, crop farmsteads, wetlands
and shelterbelts when compared
with the “other” category (Table 1).
Table 2 presents the relative probability of selection for each of the
seven habitat types for each winter,
based on observed pheasant locations in our study (the higher the
w(xi) indicates an increased probability of selection).
Selection differences between
the harsh winter of 2011 and the
mild winter of 2012 were evident.
Our research suggests that during
harsher winters, pheasants spend
up to 59 percent of their time on
farmsteads. Although the odds of
observing an individual pheasant
on a farmstead decreased to 33
percent in 2012, in both winters,

farmsteads with livestock were the
most preferred winter habitat type
in our study.
Our results support previous findings that pheasants show
plasticity in their selection of
habitats that varies with weather
and season (Homan et al., 2000).
Habitat selection of North American ring-necked pheasants tends to
follow a sequence that progresses
from CRP-type grasslands to cattail
wetlands and finally to dense shelterbelts in proximity to farmsteads
with livestock (Gabbert et al., 1999;
Homan et al., 2000) with increasing
weather severity.
For areas of pheasant habitat in
southwestern North Dakota, dense
shelterbelts in proximity to livestock or another food source may
be the limiting winter habitat on
the landscape. Managers interested
in increasing pheasant populations should consider increasing
available CRP-type cover, large
wetlands and dense shelterbelts in
proximity to farmsteads with livestock. This combination of habitat

types will allow for on-site pheasant use and inhabitance during
the full-range of North Dakota’s
climatic conditions.
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