February 8, 2006

Dear Producer:

On behalf of the Hettinger Research Extension Center and the Department of Animal and Range
Sciences, let us welcome you to "Sheep& Beef Day". This report collectively represents North
Dakota State University's efforts at both locations to provide information for the support of the
livestock industry. We welcome your comments as grassroots users of the efforts of both Extension
and Experiment Station resources. Your constructive comments assist us to participate meaningfully
in the future of your industry. We hope that the expansion of the former “Sheep Day” to include
beef cattle accurately represents the livestock industry that we are supporting in western North
Dakota.

A collective, positive, and participatory attitude by producers and caretakers of their land grant
resources will go far to solve problems confronting the livestock industry.

Best wishes for a day of sharing and learning.

Timothy C. Faller Donald Kirby

Director Chair

Hettinger Research Extension Center Dept. of Animal & Range Sciences
NDSU, Hettinger, ND NDSU, Fargo, ND

(701) 567-4323 (701) 231-8386

Disclaimer: The information given herein is for educational purposes only. Any reference
to commercial products or trade names is made with the understanding that no discrimination
is intended and no endorsement is implied by the Hettinger Research Extension Center staff.

This publication will be made available in alternative formats for people with disabilities
upon request. Contact Hettinger Research Extension Center, 701-567-4323.

Four hundred copies of this publication were printed at a cost of approximately $2.75 each.
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Impact Statement

Ruminants consuming low-quality forage can be supplemented with protein as infrequently as
once every 10 days while maintaining adequate intake and not negatively affecting nutrient
digestibility or livestock performance when compared with daily supplementation. For livestock
producers providing protein supplements to grazing livestock in extensive management
scenarios, this management technique may save considerable time, fuel, and money when
compared with providing supplemental protein on a daily basis.

Introduction

In the northern Great Plains, calculated winter feed costs often total $100 to 200 per animal unit
per year. Management and nutritional practices that decrease winter feed costs, while
maintaining rangeland health, may increase profitability for livestock producers in southwest
North Dakota. One management alternative that may decrease winter feed costs is to extend the
grazing season through the winter months of December, January, and February. Protein
supplementation may be necessary during this time period, and the costs associated with
providing supplemental protein can be substantial (labor, fuel, hours). Current research suggests
that the frequency of protein supplementation may be able to be decreased to once every 6 days
while maintaining livestock performance (Houston et al., 1999; Bohnert et al., 2000). If the
frequency of protein supplementation can be decreased from daily to once every 10 days, labor
and fuel costs can be significantly decreased.

Table 1. Affect of supplementation interval on labor and fuel costs for a northern Great Plains
cow/calf or sheep operation®

Supplementation Interval

Daily Once every 3days Once every 6 days Once every 10 days”
Labor (hr)° 75 25 125 7.5
Fuel (3)° $225.00 $75.00 $37.50 $22.50
Labor ($)° $750.00 $250.00 $125.00 $75.00
Total(®) $97500 $32500 $16250 $97.50
Benefit (hr) 0 50 62.5 67.5
Benefit ($) 0 $650.00 $812.50 $877.50

®Calculated based on a 250 head cow/calf herd (1250 head ewe flock) for a 30 day supplementation
period.

®Costs projected assuming similar performance across supplementation strategies.

‘Labor calculated as 2.5 hours/supplementation event and $10.00/hour.

%Fuel costs calculated as 3 gallons/supplementation event at $2.50/gallon.



Materials and Methods

Digestion Study:

Animals and Diets. Sixteen wethers (69 + 2 Ibs.) were used in a completely randomized design
(Cochran and Cox, 1957) to evaluate the efficacy of N use in lambs fed low quality forage (5%
CP barley straw) and supplemented with soybean meal (SBM) daily or infrequently. Treatments
included daily (D), once every 5 d (5D), or once every 10 d (10D) supplementation, as well as a
negative control (ad-libitum barley straw; CON). Wethers were randomly allotted to treatments
(n=4) and housed in individual metabolism crates within an enclosed barn with continuous
lighting. All supplemented wethers received the same amount of supplement over a 10-d period;
therefore, the 5D and 10D treatments received fivefold and tenfold the amount of supplement (N
basis) on their respective supplementation d compared with D treatments. The amount of CP
supplied by each supplement was 0.15% of BW/day (averaged over a 10-d period) based on
intake and protein requirements (NRC, 1985). Quantities of supplement were based on initial
BW. Wethers had continuous access to fresh water and chopped barley straw (4 — 8 cm length).
Barley straw was provided (in two equal portions; 0700 and 1700) daily at 120% of the average
intake for the previous 5 d, with feed refusals from the previous day determined before feeding.
A trace mineral salt mix was available free choice and an intramuscular injection of vitamins A,
D, and E was administered to each wether at the onset of the trial to safeguard against deficiency.
Ingredient and nutrient content of the barley straw and supplement are described in Table 1.

Experimental Periods and Sampling Procedures. The experimental period was 30 d. Forage
intake was determined on d 19 to 28. In addition, samples of barley straw, SBM, and orts were
collected on d 19 to 28 and dried at 55°C for 48 h. On d 21 to 30, total fecal and urine output
were collected. Urine was composited daily by wether (25% of total; weight basis) and stored at
4°C. Sufficient 6 N HCI (150 mL) was added to urinals daily to maintain urine pH < 3. A sub-
sample of each daily fecal sample (7.5%; weight basis) was dried at 55°C for 96 h to calculate
fecal DM. Ond 21 to 30, 12 mL of blood was collected from the jugular vein at 4 h after feeding
using a heparinized syringe. The blood samples were immediately transferred to vacutainers and
placed on ice for transport to the lab. Blood samples were centrifuged (5000 x g, 15 min) and
plasma harvested and stored (-20°C). Dried samples were ground through a Wiley mill (1-mm
screen). Daily samples of barley straw and SBM were composited and daily ort samples
composited by lamb on an equal weight basis (20% as-fed). Feed, orts, and fecal samples were
analyzed for DM and OM (AOAC, 1990) and NDF and ADF (Ankom 200 Fiber Analyzer,
Ankom Co., Fairport, NY). Feed, orts, fecal, and urine samples were analyzed for N using a
Kjeltec Auto 1030 Analyzer (Tecator AB, Hogands, Sweden). Plasma samples were assayed for
urea N using the Sigma Diagnostics Procedure 535 (Sigma Chemical Co., St. Louis, MO) and a
UV/VIS spectrophotometer (Spectronic 710 Spectrophotometer, Bausch & Lomb, Inc.,
Rochester, NY).

Statistical Analysis. Data were analyzed as a completely randomized design using the GLM
procedure of SAS (SAS Inst. Inc., Cary, NY) with animal serving as experimental unit. Plasma
urea N was analyzed using the REPEATED statement with the MIXED procedure of SAS. The
model included wether and treatment. Contrast statements included: 1) CON vs protein
supplementation; 2) D vs infrequent supplementation; 3) 5D vs 10D; and 4)linear effect of
supplementation frequency. Response variables included: 1) DM, OM, NDF, and N intake; 2)



total tract digestibility of DM, OM, NDF, and N; 3) N balance; 4) digested N retained; and 4)
plasma concentration of urea N.

Ewe Performance Study:

Animals and Diets. Sixty pregnant (approximately 90 d) ewes were stratified by age and body
condition score (BCS) and assigned randomly within stratification to one of three treatments (as
described in the lamb N balance study above, but not including the unsupplemented negative
control) in a completely randomized design (Cochran and Cox, 1957) to evaluate ewe
performance and lamb birth weight when consuming low quality forage (5% CP barley straw)
and supplemented with SBM daily or infrequently. They were sorted by treatment and allotted
randomly to 1 of 12 reps (five ewes/rep; four reps/treatment). Protein supplements were offered
as D, 5D, or 10D at 0800 to provide approximately 0.11% of BW/day of CP (averaged over a 10-
d period) until lambing based on intake and protein requirements (NRC, 1985). Ewes had
continuous access to fresh water and chopped barley straw (4 — 8 cm length). A trace
mineralized salt mix was available free choice. Ingredient and nutrient content of the barley
straw and supplement are described in Table 1.

Experimental Periods and Sampling Procedures. Ewe body weight (BW) and BCS were
measured every 14 until lambing and within 14 d following lambing for a total of approximately
57 d. All weights were two-day unshrunk weights. Ewe BCS was judged independently by two
observers. The same technicians measured BCS throughout the experiment. Forage and
supplement samples (approximately 200 g) were collected weekly, dried at 55°C for 48 h,
ground through a Wiley mill (1-mm screen), and composited by month for analysis of ADF and
NDF, N, and OM as described in the N balance study.

Statistical Analysis. Ewe and lamb performance data were analyzed as a completely
randomized design using the GLM procedure of SAS with replication serving as experimental
unit. The model included treatment. Orthogonal contrast statements included: 1) D vs
infrequent supplementation; 2) 5D vs 10D; and 3) linear effect of supplementation frequency.
Response variables included: 1) ewe weight change; 2) ewe BCS change; and 3) lambing birth
rate and average lamb weight.

Results and Discussion

Digestion Study:

Intake of hay DM and OM was affected by CP supplementation frequency (P < 0.05) with 5D
and 10D supplementation frequency linearly decreasing (P < 0.06) hay DM and OM intake
(Table 2). Total DM and OM intake responded similarly, with total DM and OM intake
exhibiting a linear decrease (P = 0.06) as supplementation frequency decreased. Also, daily
NDF and N intake decreased linearly (P = 0.06) as supplementation frequency decreased; but all
supplemented treatments had higher N intake than CON (P < 0.001; Table 2). Apparent total
tract digestibility of N for supplemented lambs was approximately 300% greater (P < 0.001) than
the CON, with no difference (P > 0.40) because of supplementation frequency (Table 2). Daily
fecal excretion of N was decreased (P < 0.001) and urinary excretion of N was increased (P <
0.001; Table 2). As supplementation frequency decreased, fecal N excretion exhibited a linear
decrease (P < 0.001); however, no difference was noted due to crude protein supplementation



frequency for urinary N excretion (P > 0.70). Daily N balance and digested N retained were
greater (P < 0.01) with CP supplementation, with no difference observed for supplementation
frequency (P > 0.27). Treatment x time interactions (P < 0.001) were observed for plasma urea
N. However, after considering the nature of the interactions, we concluded that discussing
treatment means while providing the treatment x time figure would aid in interpretation and
discussion of the data (Figure 1). Lamb plasma urea N was greater (P < 0.001) in CP-
supplemented lambs than in CON (Table 2). No difference was observed due to crude protein
supplementation frequency (P > 0.28) for lamb plasma urea N concentrations.

Results for the digestion study are similar to results for similar studies evaluating once every 6 d
crude protein supplementation (Bohnert et al., 2002). Bohnert el al. (2002) reported that lambs
supplemented crude protein as infrequently as once every 6 d had similar digested N retained to
daily supplementation, even though in their trial N balance was decreasing as supplementation
frequency decreased. In our trial, the negative values for N balance and daily digested N
retained indicate that the lambs were loosing weight, however, the values for 5D and 10D
supplemented treatments were similar in magnitude to D, and in all cases were less negative than
CON. These results suggest that ruminants consuming low-quality forage are capable of
efficiently conserving N when supplemented with crude protein as infrequently as once every 10
d. Daily plasma urea N concentrations reported in Figure 1 support this conclusion. For the 10D
supplemented treatment, plasma urea N appeared to maintain a peak concentration for 2 d,
whereas the peak for 5D was restrained to one d. A maintenance of the plasma urea N peak for
an additional day indicates that N may have been recycled for 10D longer than for 5D, resulting
in similar N balance for the two treatments.

Performance Study:

Pre-lambing (within 14 d of lambing) and post-lambing (within 14 d of lambing) weight and
BCS change were not negatively affected by crude protein supplementation frequency (Table 3).
In fact, as supplementation frequency decreased, pre-lambing weight change trended towards
increasing linearly (P = 0.06). However, the rest of the weight and BCS change data indicate
that supplementation frequency had no affect on weight and BCS change (P > 0.26). Crude
protein supplementation frequency had no affect (P > 0.21) on lambing date or average lamb
birth weight (Table 3).

Results for the performance study support results derived from the digestion study, indicating
that crude protein supplementation frequency can be decreased to once every 10 d for ruminants
consuming low-quality performance. Our performance results are similar to results for once
every 6 or 7 d crude protein supplementation observed by Bohnert et al. (2000) and Houston et
al. (1999). These are the first data, that we are aware of, suggesting that crude protein
supplementation frequency can be decreased to once every 10 d for ruminant consuming low-
quality forage.

Implications

No negative affects on N balance, body weight and body condition score, and lambing date and
birth weight were observed for once every 10 supplementation of crude protein when compared
to daily and once every 5 day supplementation. Livestock producers in the northern Great Plains



may consider crude protein supplementation with soybean meal once every 10 d as a
management alternative for reducing dormant season supplementation costs.
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Table 1. Ingredient and nutrient content of barley straw and supplement

Item Barley Straw Supplement
Supplement composition

Soybean meal, % DM 100
Nutrient composition

CP, % DM 4.99 52.6

OM, % DM 90.9 92.7

NDF, % DM 71.8 18.2

ADF, % DM 43.7 4.9




Table 2. Effect of supplementation frequency on lamb intake, diet digestibility, and nitrogen balance

Treatment® P-valuge®
CON vs

Item CON D 5D 10D SEMP supp. Dvs5Dand 10D 5D vs 10D Linear SF
Daily DM Intake, g/kg BW

Hay 18.3 17.7 15.0 14.4 1.1 0.06 0.05 0.68 0.06

Supplement? 0.0 2.8 2.8 2.8

Total 18.3 20.4 17.8 17.1 1.07 0.94 0.05 0.68 0.06
Daily OM Intake, g/kg BW

Hay 16.7 16.1 13.7 13.1 1.0 0.06 0.05 0.68 0.05

Supplement® 0.0 2.5 25 2.5

Total 16.7 18.7 16.2 15.6 1.0 0.93 0.05 0.68 0.06
Daily NDF Intake, g/kg BW 13.1 13.1 11.3 10.8 0.7 0.14 0.05 0.69 0.06
Daily N Intake, g/kg BW 0.147 0.373 0.344 0.335 0.012 <0.001 0.05 0.63 0.06
Total Tract Digestibility, %

DM 43.8 50.7 51.6 52.1 0.01 0.001 0.46 0.75 0.43

oM 45.0 52.3 53.0 54.1 0.01 0.001 0.44 0.56 0.34

NDF 43.9 46.0 46.2 47.9 0.02 0.18 0.63 0.48 0.45

N 16.1 64.1 66.6 65.7 0.02 <0.001 0.40 0.74 0.57
Daily N Excretion, g/kg BW

Fecal 0.123 0.134 0.115 0.116 0.009 <0.001 <0.001 < 0.001 <0.001

Urinary 0.096 0.247 0.256 0.248 0.014 <0.001 0.77 0.70 0.95
Daily N balance, g/kg BW -0.072  -0.008  -0.027  -0.029 0.014 0.01 0.27 0.93 0.31
Daily Digested N retained, %" -308.7 -3.4 -11.7 -13.8 9.0 <0.001 0.42 0.88 0.43
Plasam Urea N, mM 3.12 7.49 6.80 6.69 0.55 <0.001 0.28 0.88 0.32

ZCON = control; D = soybean meal every day; 5D = soybean meal every 5" day; 10D = soybean meal every 10" day.

n=4.

‘CON vs supp. = control vs supplemented treatments; D vs 5D and 10D = daily vs. once every 5 and 10 day treatments; 5D vs 10D =5 day vs
10 day treatments; Linear SF = linear effect of supplementation frequency.

D received 2.8 g/kg BW daily; 5D received 14 g/kg BW once every 5 days; 10D received 28 g/kg BW once every 10 days.

*D received 2.5 g/kg BW daily; 5D received 12.5 g/kg BW every 5™ d; 10D received 25 g/kg BW every 10" d.

fCalculated as (Daily N retention, g/kg BW/Daily N digested, g/kg BW) x 100.



Table 3. Effect of supplementation frequency on ewe performance and lamb birth weight

Treatment® P-valuge®

Item D 5D 10D SEM" D vs 5D and 10D 5D vs 10D Linear SF
Supplement DMI, g/d° 145 145 145
Initial weight, Ibs. 164 164 165 0.9 0.90 0.47 0.64
Initial body condition score 3.0 3.25 3.0 0.1 0.50 0.25 1.00
Weight change, Ibs.

Prelambing® 3.8 34 12.4 2.8 0.26 0.05 0.06

Postlambing -7.1 -3.7 -7.3 3.1 0.68 0.43 0.96
Body condition score change

Prelambing® -0.1 -0.1 -0.1 0.1 0.80 0.75 0.95

Postlambing -0.2 -0.3 -0.2 0.2 0.94 0.70 0.90
Lamb birth date, Gregorian d 265 267 264 2 0.75 0.36 0.85
Lambing rate 1.6 1.2 1.6 0.2 0.30 0.09 1.00
Average lamb birth weight, 1bs. 11.3 11.2 10.4 0.4 0.42 0.25 0.21

*D = soybean meal every day; 5D = soybean meal every 5" day; 10D = soybean meal every 10" day.

by =4,

°D vs 5D and 10D = daily vs. once every 5 and 10 day treatments; 5D vs 10D =5 day vs 10 day treatments; Linear SF = linear effect of

supplementation frequency.

“D received 1.95 g/kg BW daily; 5D received 9.75 g/kg BW once every 5 days; 10D received 19.5 g/lkg BW once every 10 days.

*Within 14 d of lambing.
"Within 14 d after lambing.
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Figure 1. Effect of crude protein supplementation frequency on plasma urea N (mM) of lambs.
Columns from left to right for each treatment represent d 1, 2, 3, 4,5, 6, 7, 8, 9, and 10 of a 10-d
supplementation period, respectively. Treatment were as follows: Control; Daily = crude
protein supplementation daily; 5 Day = crude protein supplementation every 5" d; 10 Day =
crude protein supplementation every 10" d. Each column with an S below represents a
supplementation day. Treatment x time interaction (P <0.01). SEM =0.91.



EFFECTS OF DORMANT SEASON GRAZING ON HERBAGE PRODUCTION AND
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*Director, and Post-Doc Research Associate, Hettinger Research Extension Center, NDSU,
Hettinger, ND

Impact Statement

Preliminary data indicated that brief early summer use of dormant-season pastures and winter
stocking rates intended to achieve 50% utilization of standing aboveground biomass is the
preferred management grazing option, relative to grazing treatments of 30 or 50% winter
utilization with no summer use.

Introduction

Winter, or dormant-season grazing, is practiced by many North and South Dakota livestock
producers in an effort to lower winter feed costs. Dormant-season grazing, while not an
exclusive winter-grazing period, is defined as grazing during that time period between plant
quiescence in late fall and green up in early spring. Although adequate information exists
regarding nutritional management of winter grazing cattle, little is known about the ecological
effects of these practices on range or pasture land in the upper Midwest and northern Great
Plains. Furthermore, research emphasizing inferences for specific winter-grazing management is
lacking. Various aspects of dormant-season grazing have been examined in a variety of
ecosystem types, and conventional wisdom dictates that defoliation during winter months while
plants are dormant has little to no effect on plant vigor (Riesterer et al. 2000).

Vallentine (2001) stated that determining when to harvest standing forage is dependent on plant
factors, physical site factors, animal factors, and economic and management factors.
Determining the effectiveness and practicality of dormant-season grazing requires assessing
management practices to address these four points. Research is abundant regarding the effects of
grazing and clipping on rangeland condition and productivity, animal production, and economics
during the growing season, yet insufficient information exists regarding the effects of such
practices during the dormant season. Furthermore, with the implementation of new grazing
management techniques that include season-of-use changes, differences in economic return,
plant growth and vigor, and subsequent plant-species composition can be expected.

Winter grazing is an appealing management option to many ranchers. Producing hay or
purchasing winter feeds is labor and capital intensive, while winter grazing offers the potential
for flexibility in making management decisions. Furthermore, this practice allows for a more
efficient utilization of range resources. The objectives of this study were to determine the
impacts of winter grazing on herbage production, growth rate of dominant grass species (short-



term), and changes in plant species composition using various levels and combinations of winter
and summer use (long-term subsequent research).

Study Area

This study was located in Adams County, North Dakota and Perkins County, South Dakota. The
Adams County study site was approximately 62 ha and located 8 km southwest of Hettinger,
North Dakota (EI. 817m) on sections 16, T129N, R96W and 25, R97W, T129N. The Perkins
County study site was approximately 58 ha and located 25 km south of Lodgepole, South Dakota
(El. 803m) on sections 13, T19N, R12E, and 18, T19N, R13E.

Climate

Western North and South Dakota are characterized by a continental, cool temperate, semi-arid
climate with warm summers and cold winters. Average annual precipitation is about 41 cm/yr
near Hettinger, North Dakota and Lodgepole, South Dakota (Owenby and Enzell 1992).
Approximately 70% of the precipitation at both locations occurs during the growing season
occurring from April through early October. The study locations receive 120-130 frost-free d/yr
(Omodt et al. 1968) with the warmest month, July, averaging 22° Celsius. January is the coldest
month with an average temperature of —8° Celsius (Owensby and Ezell 1992).

Growing-season precipitation was 28.6 cm in 2000, which was 7.6 cm below the annual average,
with all months except May and July below average during the growing season. The 2001
growing season was characterized as a dry spring and wet July, with average precipitation 4.0 cm
below the 30-year average. The fall and winter of 2000-01 received above average precipitation;
however the fall and winter of 2001-02 received considerably less precipitation, particularly in
November and December. In 2002, growing-season precipitation was 13.74 cm, which was
20.42 cm below the annual average. All growing season months were below average. Less-
than-average precipitation was received in November and December of 2002. Growing-season
precipitation received in 2003 was 6.68 cm below the 30-year average, with only the months of
May and September receiving above average precipitation during the growing season. During
the 2004 growing season, precipitation was 11.6 cm below the 30-year average. Only the
months of July amd October were above average precipitation.

Monthly average temperatures were generally above the 30-year average in 2000, with the
exception of June, November, and December. Warmer-than-average temperatures characterized
the winter of 2001-2002, as November and December 2001 and January and February 2002 were
substantially warmer than the 30-year average. The winter of 2002-2003 also had warmer-than-
average temperatures compared to the 30-year average. Spring and summer temperatures were
near average for 2000-2003. The winter of 2003-2004 was characterized by warmer than
average temperatures. The year 2004 fell below the 30-year average in nearly every month
except March, September and November. Temperatures in 2005 were similar with numbers
either near or below the 30-year average. The only months above average were April and
September.

Vegetation
The study areas were found in the northern mixed-grass prairie and described as the Missouri
Slope Vegetation Zone (SCS 1984). The plant communities are described as a wheatgrass-



needlegrass vegetation type (Barker and Whitman 1994). Dominant midgrass species were
western wheatgrass and needle-and-thread (Stipa comata Trin. & Rupr.), and dominant short
graminoid species were thread-leaf sedge (Carex filafolia Nutt.) and blue grama (Bouteloua
gracilis; Barker and Whitman 1994; Shiflet 1994). Plant names were referenced from McGregor
et al. (1986) and USDA-USFS (2002).

Uplands of the study areas were represented by shallow ecological sites. The soils were
moderately coarse to moderately fine textured with restricting layers of shales and sandstone
occurring at depths of 25 to 50 cm below the soil surface. This site is comprised of upland
sedges (Carex spp.), little bluestem, blue grama, prairie sandreed (Calamovilfa longifolia (Hook.)
Scribn. ), western wheatgrass, prairie junegrass, fringed sagewort, and numerous upland forb
species. Average total primary production on shallow ecological sites in the Dakotas varies from
1,350 to 2,000 kg/ha (Sedivec et al. 1991).

Midland sites on the North and South Dakota study areas were comprised of a loamy ecological
site with well-drained, moderately deep and medium to fine textured soils. Plant communites
were comprised of western wheatgrass, needle-and-thread, blue grama, Kentucky bluegrass (Poa
pratensis L.), prairie junegrass, cheatgrass (Bromus tectorum L.), upland sedges (Carex spp.),
green needlegrass (Stipa viridula Trin.) and numerous forb species. Average total primary
production on these sites range from 1,700 to 3,150 kg/ha (Sedivec et al. 1991).

Materials and Methods

Treatments: Two study areas (blocks) were selected in North and South Dakota based on similar
range condition and native plant species composition. Each study area was blocked and divided
into four paddocks with one of four treatments 1) 50% summer-utilization (season-long control;
SL), 2) 25% summer use for 2 weeks in early and mid June and 50% dormant-season utilization
[flash grazing (Hart 2001); FL], 3) 30% dormant-season utilization (DS 30), and 4) 50%
dormant-season utilization (DS 50) assigned randomly to a paddock within block. The SL
treatment was a 32 ha paddock and the dormant-season-use treatments were each 9 ha paddocks
in North Dakota. The South Dakota DS 30 and SL treatment paddocks each 12 ha; the FL
treatment was 15 ha; and the DS 50 treatment was 19 ha.

Stocking Rates: Stocking rates for the summer-use treatments were determined using the United
States Department of Agriculture (USDA) Natural Resource Conservation Service (NRCS)
Technical Guide (2001) for the Missouri Slope Vegetation Zone. Summer use paddocks were
surveyed for ecological site composition using the USDA SCS soil surveys for Adams County,
North Dakota (Ulmer 1987) and Perkins County, South Dakota. (Wiesner 1980). The stocking
rate for the season-long grazing treatment was calculated for a 4-month grazing period beginning
June 1 and ending October 1. The North Dakota site was stocked at 0.76 ha/AUM with ten 544
kg cows and their calves. The South Dakota site was stocked at 0.63 ha/AUM with seven 280 kg
spayed heifers (Table 3). Summer use of the flash grazing paddocks was targeted for 25%
utilization.

The summer-use FL treatment grazing carrying capacities were calculated by stocking for 50%
use of the total available AUMSs in June while considering that 50% of the total annual
production occurred by mid June, thus achieving a 25% utilization of total annual biomass. The



North and South Dakota sites were stocked with ten and sixteen 1200 Ib. cows and calves or 1.78
ha/AUM and 1.69 ha/AUM, respectively, for two weeks.

Stocking rates for the winter grazing treatments were calculated after determining dry-standing
plant biomass on 15 Nov. 2000. Ten randomly placed 0.25m? frames were clipped for each
ecological site (n=2) existing within a given replicate (n=20). The USDA SCS (Wiesner 1980,
Ulmer 1987) soil survey maps and technical guides were used to estimate ecological site
composition within each paddock to calculate total standing biomass. Final stocking rates for
each treatment were computed by calculating 25% grazing-use efficiency with 50%
disappearance (Laycock et al. 1972, Pearson 1975) and a dry matter intake for an 1150 Ib non-
lactating cow (NRC 1996).

The North Dakota DS 50 and FL grazing treatments were each stocked with four 1200 Ib. cows,
or 1.23 and 1.22 ha/AUM, respectively, and the DS 30 treatment was stocked with three 1200 Ib.
cows, or 1.64 ha/AUM. The DS 50 treatment was stocked with 11 cows or 1.02 ha/AUM, the
FL treatment stocked with 8 cows or 0.95 ha/AUM, and the DS 30 treatment stocked with 6
cows or 1.02 ha/AUM at the South Dakota site. All South Dakota treatments were stocked with
cows weighing an average of 1150 Ib.

Winter grazing cattle were allowed ad libitum access to white salt and trace minerals and were
supplemented with 3 Ib/day on an as-fed basis of 30% crude protein all-natural cake. During the
winter grazing period of 2000-2001, cattle grazed as snow cover allowed for 53 days beginning
November 15 on both the North and South Dakota study sites. During the dormant-season
grazing period of 2001-2002, cattle grazed on the North Dakota site for 53 days beginning
November 15. The cattle on the South Dakota site grazed for 35 days and animal numbers were
increased to meet set stocking rate guidelines, as turn out was delayed until January 12 due to
mechanical failures affecting the watering system. Cattle were allowed to graze at both the
North Dakota and South Dakota sites for 53 days beginning on November 15 during the 2002-
2003 and 2003-2004 winter grazing period. During the 2004-2005 winter grazing period, cattle
grazed on the North Dakota sites for 50 days beginning November 22, while the cattle on the
South Dakota site grazed for 56 days beginning November 15. Cattle grazed the North Dakota
site for 51 days during the 2005-2006 winter grazing season beginning November 15. Cattle
grazed for 36 days on the South Dakota site beginning November 29 and were pulled off early
due to crusted snow.

Table 1 reports ha/AUM comparisons of treatments and percent reduction in carrying capacities
compared to the SL treatment (control). From a perspective of utilized AUMs, the dormant
season only grazing treatments had reduced carrying capacities relative to season-long use,
however, the FL treatment numerically increased carrying capacities slightly relative to season-
long use (3.2 to 5.3%).



Table 1. Stocking rate comparisons among grazing treatments in North and South Dakota.

SL FL DS 30 DS 50
N.D.
Ha/AUM 0.8 0.7 1.6 1.2
% Difference from SL 0.0 +5.3 -115.8 -61.8
S.D.
Ha/AUM 0.6 0.6 1.0 0.9
% Difference from SL 0.0 +3.2 -61.9 -38.1

SL = season-long summer grazing, FL = 25% summer use for 2 weeks in early and mid
June and 50% dormant season utilization, DS30 = 30% dormant season utilization, DS50 = 50%
dormant season utilization

Herbage Disappearance: The degree of disappearance of graminoids and forbs for each
treatment was determined using a paired-plot clipping technique (Milner and Hughs 1968).
Twenty cages were distributed in each pasture during the treatment period. One plot within and
outside each cage was clipped using a 0.25m? quadrat. Clipped herbage was separated into
grasses and forbs, dry matter weights recorded, and kg/ha plant biomass and standard error of the
mean calculated for each ecological site. Percent utilization and standard errors of the mean
were calculated for graminoids and forbs combined and graminoids alone.

In the summer through winter periods of 2000-2001, 5 cages were systematically placed on each
of the 2 shallow ecological sites and 2 loamy ecological sites before grazing began on each
treatment (n=20), with the exception of the South Dakota 30% treatment where only 5 cages
were placed on a shallow ecological site since this site made up only 10% of the study area on
the treatment. During the winter of 2001 on the North Dakota sites, 5 plots were clipped for both
the loamy and shallow ecological sites on the 30% treatment, 5 shallow plots were clipped on the
50% treatment, and no plots were clipped on the FL treatment due to ice and snow cover. On the
summer treatments of 2001, the 20 sites within each pasture selected for the tiller study were
used to determine utilization. In 2001-2002, 2002-2003, 2003-2004 and 2004-2005 all plots
from the winter grazing treatments were clipped since ice and snow cover did not prevent
clipping as it had in 2000-2001.

In May 2004, 30 cages were distributed evenly across the entire pasture, regardless of ecological
differences. This created a more representative sampling of the pastures.

Leaf Heights: A study examining leaf heights throughout the growing season was initiated in
May of 2001 to determine the growth patterns of western wheatgrass, needle-and-thread, thread-
leaf sedge, and blue grama within each treatment. The species were selected as they were
described as the predominant forage base of the study region (Barker and Whitman 1994, Shiflet
1994). Furthermore, these species are described as commonly existing together in various
successional stages of rangeland in western North Dakota (Hansen and Hoffman 1988). Goetz
(1963) monitored the growth and development of native range plants in western North Dakota
and used leaf height as a main indicator of plant growth. Furthermore, researchers have



correlated leaf and plant height with plant vigor, forage yield, competition, range condition and
trend, and defoliation levels (Short and Woolfolk 1956, Buwai and Trlica 1977).

Twenty locations indicative of the dominant forage base were selected randomly within each
treatment in May 2001. On each location, a 0.25 m? quadrat was selected containing at least 10
western wheatgrass tillers, 5 needle-and-thread tillers, 10 thread-leaf sedge tillers, and10 blue
grama tillers. Cool-season tillers were marked with uniquely-colored rings upon the selection of
each site in mid May and each tiller measured monthly until senescence was observed for each
species. Western wheatgrass and needle-and-thread tillers were measured mid monthly for leaf
height (height of tallest leaf) from May to August. Thread-leaf sedge was measured mid
monthly for leaf height from May to July. Blue grama was the only warm-season grass
investigated for growth, thus leaf heights were measured mid monthly during its growth period
as described by Goetz (1964), from June to September. Needle-and-thread and thread-leaf sedge
were not measured in 2002 and 2003 to improve random distribution of the plots throughout the
four treatments.

Thirty locations were selected in May 2004 within each treatment. On each location, a 0.25 m?
quadrat was selected containing 10 western wheatgrass tillers (cool season) and 10 blue grama
tillers (warm season). Tillers were marked with uniquely colored rings and measured monthly
until senescence. Western wheatgrass was measured from May until August and blue grama was
measured from June until September.

Herbage production was analyzed as a randomized complete design with the GLM procedure of
SAS (SAS Inst., Inc., Cary, NY) using frame as the experimental unit. The model included
treatment, year, and treatment X year using the residual error term. When differences were
found (P < 0.05), a mean separation was conducted using a Tukey’s Honesty Significant
Difference Test (Steel and Torrie, 1980).

Results and Discussion

Herbage Production: No differences in herbage production were found between locations
(P=0.30). Following one year of treatment, peak primary production on the winter-only and
flash treatments were not different (P>0.05) than the SL control treatment (Figure 1). In 2002,
peak primary production on the SL control treatment was lower (P<0.05) than FL and DS 50.
No differences (P>0.05) in peak primary production were found on SL, FL, and DS 30 following
the third year (2003) of treatment; however peak herbage production was lower (P<0.05) on DS
50 compared to the other three treatments (Figure 1). In 2004 as well as in 2005, the SL
treatment had lower (P<0.05) peak herbage production than the DS 50 and 30 treatments. The
FL treatment had lower production (P<0.05) than the DS 30% in 2004, and lower production
(P<0.05) than the DS 50% in 2005.
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Figure 1. Peak grass production (mean £S.E.) on the season-long (SL), June flash and 50%
dormant-season use (FL), 30% dormant-season use (DS 30), and 50% dormant-season use (DS
50) for 2001-2005.

®Treatments with the same letter are not significantly different (P>0.05).

"9 Treatments with the same letter are not significantly different (P>0.05).

™Treatments with the same letter are not significantly different (P>0.05).

UTreatments with the same letter are not significantly different (P>0.05).

*Treatments with the same letter are not significantly different (P>0.05).

On average, moderate dormant-season grazing treatments did not effect herbage production,
which corresponds with data reported by Coughenour (1991) who found increased nitrogen in
live and dead grasses and fringed sagebrush on winter grazed areas. Increases in various aspects
of rangeland productivity under moderate growing-season grazing use versus light or no grazing
use were reported by Manley et al. (1995). Comparisons of grazed and ungrazed range in
Wyoming revealed elevated levels of C and N in subsurface soil on grazed areas. This
phenomenon is attributed to the reduction of litter and standing plant biomass as these sources
immobilize a significant amount of N and C. Furthermore, increased animal traffic may enhance
physical breakdown of residual plant material and soil incorporation. Likewise, Schacht et al.
(1998) observed that mowing dormant range of switchgrass, little bluestem, and big bluestem
resulted in a higher yield of annual growth than a non-mowed control. Engle et al. (1998) also
reported which grazing strategies emphasizing defoliation during the dormant season that
decreased probability of multiple defoliations during the growing season were less detrimental
than those that increased the probability of multiple defoliations, such as the FL treatment in this
study. Relevant research by Auen and Owensby (1988), Coughenour (1991); Engle et al. (1998),
Schacht et al. (1998) and Reisterer et al. (2000) indicate dormant-season harvesting of grasses
had little or no negative effect on subsequent herbage production.

Leaf Heights: No significant interaction was found for treatment by month, which means that all
months react in the same way to the treatments. In 2001, the SL treatment leaf heights were
higher than the FL treatment (Figure 2). The FL treatment leaf heights were lower (P<0.05) than
the DS 50 treatment. Negative effects of grazing treatment on late growing season plant
production were also observed by Trent et al. (1988). Fall grazed winter wheat plants relied on
photosynthesis later in the growing season than non-grazed wheat plants, as they were unable to
draw from carbohydrate reserves during grain filling. Similarly, Buwai and Trlica (1977) found



heavy quiescent defoliation of western wheatgrass reduced TNC relative to a non-defoliated
control. Furthermore, moderate and heavy dormant defoliation of western wheatgrass reduced
both herbage yield and plant height when compared to the control.
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Figure 2. Western wheatgrass leaf heights in July (Peak) (mean +S.E.) on the season-long (SL),
June flash and 50% dormant-season use (FL), 30% dormant-season use (DS 30), and 50%
dormant-season use (DS 50) for 2001-2005.

BTreatments with the same letter are not significantly different (P>0.05).

" Treatments with the same letter are not significantly different (P>0.05).

™'Treatments with the same letter are not significantly different (P>0.05).

*Treatments with the same letter are not significantly different (P>0.05).

¥ Treatments with the same letter are not significantly different (P>0.05).

In 2002, the FL and DS 30 treatments had lower western wheatgrass heights (P<0.05) than the
DS 50 treatments. In 2003, no differences (P<0.05) in western wheatgrass leaf heights were
detected among any treatments (Figure 2).

In 2004, the leaf heights in the FL and SL treatments were shorter (P<0.05) than the DS 30 and
DS treatment leaf heights (Figure 2). Western wheatgrass leaf heights on the FL and SL
treatments were also lower (P<0.05) than the DS 30 and DS 50 treatments in 2005. The DS 30
treatment also had lower leaf heights (P<0.05) than the DS 50 treatment.

Light winter use (DS 30) resulted in shorter leaf heights than heavy winter use for needle-and-
thread, thread-leaf sedge, and blue grama in 2001. Light winter use also resulted in lower
needle-and-thread and blue grama leaf heights than SL. These data suggest increased utilization
during the dormant period result in increased herbage yield the following year. Treatment by
date interactions were not detected (P<0.05) for blue grama in 2001, thus monthly leaf height



data were combined. However, in 2002 there was treatment by date interactions (P<0.05) in
July. No treatment by date interaction was detected (P<0.05) in 2003.

As with the western wheatgrass leaf heights, no month by treatment interaction was detected. In
2001, the SL and FL treatments were lower (P<0.05) than DS 30 treatment The DS 30 treatment
leaf heights were lower (P<0.05) than the DS 50 treatment (Figure 3). In 2002, the SL treatment
leaf heights were lower (P<0.05) than the FL and DS 50 treatments. There were no differences
found (P<0.05) in blue grama leaf heights in 2003 (Figure 3). In 2004, the SL treatment blue
grama leaf heights were shorter (P<0.05) than the FL, DS 30, and DS 50 treatments. The leaf
heights for the FL and DS 30 treatments were lower (P<0.05) than the DS 50 treatment. Blue
grama leaf heights for the SL treatment were lower (P<0.05) than the FL and DS 30 treatments
in 2005. The FL and DS 30 treatments had lower (P<0.05) leaf heights than the DS 50.
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Figure 3. Blue grama leaf heights (mean +S.E.) in August (Peak) on the season-long (SL), June
flash and 50% dormant-season use (FL), 30% dormant-season use (DS 30), and 50% dormant-
season use (DS 50) for 2001-2005.

BCTreatments with the same letter are not significantly different (P>0.05).

" Treatments with the same letter are not significantly different (P>0.05).

"'Treatments with the same letter are not significantly different (P>0.05).

*Treatments with the same letter are not significantly different (P>0.05).

Y2 Treatments with the same letter are not significantly different (P>0.05).

These findings are consistent with the peak herbage production observations and studies by
Coughenour (1991) and Manley et al. (1995) who reported positive effects on herbage
production with increased levels of herbage removal during the dormant season. If dormant-
season defoliation is not detrimental to needle-and-thread, blue grama, and thread-leaf sedge,
removal of standing-dead plant material and the corresponding reduction in litter on the soil
surface may be important to subsequent herbage production and plant growth. Removal of
standing dead plant material has been reported to elevate soil temperatures, thus accelerating



decomposition and mineralization in the spring. Furthermore, nutrient turnover rates are
accelerated under grazed systems by returning mineral nitrogen to the soil in a readily
decomposable form, thereby bypassing slower plant litter decomposition pathways (Coughenour
1991).

Summary

During the months of May through November in 2000, seasonal forage availability declined
considerably between the time of peak production and the beginning of the winter grazing
season. Considering these losses, stockpiling of forage throughout the growing season for use in
late fall or winter results in lost herbage production potential. Furthermore, AUMs/ha for winter-
only grazing areas were severely reduced relative to season-long grazing use. Incorporating a
brief early-summer grazing period on winter pastures can increase land use and reduce economic
loses by increasing stocking rates.

From an ecological and land-use efficiency perspective, a dormant-season grazing system that
incorporates moderate early summer use combined with winter stocking rates utilizing 50% of
the standing plant biomass is a preferable, and moreover, a beneficial management alternative.
This method yielded greater herbage production than other treatments and resulted in greater
needle-and thread and thread-leaf sedge leaf heights than the season-long or DS 30 grazing
treatments. This method reduced western wheatgrass leaf heights late in the growing season in
2001, however, western wheatgrass and blue grama leaf heights were not affected in 2002 and
2003 compared to summer grazing alone. If the conclusion is made that dormant-season
defoliation has little effect on these grasses, limiting litter accumulation on stockpiled pastures
by ensuring at least moderate utilization (50%) of standing plant biomass may positively affect
subsequent herbage production. Furthermore, SL grazing may have a more negative affect on
needle-and-thread and thread-leaf sedge growth than winter use at higher (50%) utilization
levels. The direct effects of dormant-season grazing on individual plant species versus
conventional SL use, at present, is undistinguished in relevant literature. This research indicates
western wheatgrass and blue grama were generally unaffected by dormant-season grazing.

Conclusion

Preliminary data regarding dormant-season grazing of native rangeland in the western Dakotas
indicated that brief early summer use of dormant-season pastures and winter stocking rates
intended to achieve 50% utilization of standing aboveground biomass is the preferred
management option, relative to grazing treatments of 30 or 50% winter utilization with no
summer use. This method was beneficial from both a land-use and ecological standpoint.
Subsequent data are necessary; however, to evaluate the long-term ecological and economic
sustainability of this management.
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Impact Statement

Lambs supra-supplemented with selenium have skeletal muscle selenium concentrations at levels
that may prevent lung, colorectal, and prostate cancer in humans. Providing supranutritional
levels of selenium for up to 56 days enhances muscle selenium concentration, however, muscle
selenium concentration appears to plateau following 56 days of supplementation. These results
indicate that future research is necessary to determine the lamb-to-lamb variability in muscle
selenium concentration associated with supra-selenium supplementation protocols. Additionally,
efforts are needed to ascertain the likely level of demand for a high-selenium lamb product, and
the marketing techniques required to deliver that product to the consumer.

Introduction

Selenium (Se) deficiency in humans is not considered to be an issue in the United States,
however, recent research suggests that humans who consume in excess (2 to 4 fold) of the
recommended dietary allowance (RDA =55 ug Se/d) of Se may reduce their chance for
developing lung, colorectal, and prostate cancer by 30, 50, and 70%, respectively (Clark et al.,
1996). Although tablets of Se as selenite or high Se yeast are available, the American Dietetic
Association encourages people to consume nutrients through food whenever possible, including
meats and grains.

Taylor et al. (2002) documented that circulating plasma Se concentration of finishing beef steers
was elevated by feeding high Se (60 to 70 g * kg™ BW « d*) wheat, hay, or sodium selenate
supplement by d 21 of feeding. Additionally, Lawler et al. (2004) reported that beef steers fed
feedstuffs naturally high in Se (65 ug * kg™ BW « d™) had Se concentration in semitendinosus
muscle greater than those fed control or selenate supplemented animals. The inability of the
sodium selenate supplement to increase muscle Se concentration is likely linked to the organic
sources of Se containing primarily selenomethionine, which accumulates in tissue to a greater
extent than other forms of Se. Results by Lawler et al. (2004) were similar to those of Hintze et
al. (2001), reporting that a moderate sized portion of high Se beef would supply the Se necessary
to achieve the cancer protection benefits described by Clark et al. (1996). Research by Schauer
et al. (2005) indicates that feeding supranutritional levels of selenoyeast for 56 days to lambs



prior to harvest can increase lamb muscle Se levels to concentrations required to prevent cancer
in humans. However, a plateau in muscle Se concentration has not been reached by feeding
supranutritional levels of Se for up to 56 d. Research by Schauer et al. (2005) and Taylor (2005)
reported a linear increase in muscle Se concentration for 56 d of supranutritional Se
supplementation, indicating that muscle Se concentration may continue to increase as length of
supra-supplementation of Se continues beyond 56 d. Although the four state region has soils
high in Se, the variability of Se concentration in forages (and subsequently grazing livestock)
indicate that a feeding program for finishing livestock is necessary to ensure animals of both low
and high Se status can achieve the desired Se concentration in skeletal muscle (Lawler et al.,
2002).

Research by Lawler et al (2004) indicates that hot carcass weight, longissimus muscle area,
backfat thickness, marbling score, quality grade, and yield grade of beef steers was not affected
by supra-Se supplementation during the finishing time period. However, kidney, pelvic, and
heart fat tended to be higher for animals supplemented with high Se wheat compared to animals
supplemented with high Se hay or sodium selenate. Similarly, Schauer et al (2005) reported no
differences in carcass quality of finished lambs fed supranutritional levels of Se for up to 56 d.

Our four state team’s goal is to develop feeding strategies for finishing lambs that increase the Se
content of lamb skeletal muscle to levels that will provide for cancer protection in humans while
utilizing locally grown forages and grains. The marketing of these lamb meats as high Se
organic supplements will provide marketing cooperatives an opportunity to develop a niche
market for high Se lamb meat, and provide the beef industry with a model of feeding Se to
finishing beef steers for the development of additional niche marketing.

Materials and Methods

In year 2 of a two year study, a randomized complete design was used to evaluate the influence
of duration of supra-Se supplementation in finishing rations on a) lamb skeletal muscle Se
concentration; b) finishing period body weight gain and feed efficiency; and c) carcass
characteristics. The North Dakota State University Institutional Animal Care and Use
Committee reviewed and approved animal care and use protocols used during this study. One-
hundred sixty wethers (78 £ 0.7 Ibs initial BW) were stratified by weight and assigned randomly
to one of 20 pens (8 lamb/pen) for an eight-four day finishing phase. Pens were then assigned to
one of 5 treatments (4 replications/treatment); supra-selenium supplementation for the final 84,
56, 28, 14, or 0 days of feeding prior to harvest. Wethers were wormed on day 0. Diets were
approximately 73% corn and 25% alfalfa provided daily at 8:00 am to ensure ad libitum intake
(NRC, 1985; Table 1). Diets were isonitrogenous and isocaloric (Table 1). Feed offered was
recorded daily and feed refusals collected and recorded when significant amounts of refused feed
accumulated in the feeders. Selenium for supra-selenium supplementation treatments (14, 28,
56, and 84 days) was provided as selenoyeast to provide approximately 50 pg * kg™ BW « d* Se
(2.6 ppm ration concentration; Table 1). Initial and final weights were two-day weights, and
single day interim weights were taken once every 28 days to aid in monitoring health and
potential Se toxicity.

Blood (jugular venipuncture into EDTA) was collected on day 0 and 84 to determine the change
in circulating Se status. Blood samples were centrifuged and plasma collected. Plasma samples



were frozen at -30°C until analysis for Se. Wethers were harvested at lowa Lamb Corp. in
Hawarden, 1A. Skeletal muscle samples (approximately 5 g of foreshank) were removed for the
determination of Se concentration. Skeletal muscle samples were frozen at -30°C until analysis
for Se. Skeletal muscle samples (0.3 - 0.5 g) and plasma samples were analyzed for Se by a
commercial laboratory (Utah Veterinary Diagnostic Laboratory). Additionally, carcass
characteristics were evaluated following harvest. Hot carcass weight (HCW), backfat, bodywall
thickness, and ribeye area (REA) were measured. Yield and quality grade were determined
subjectively by a USDA grader. Feed to gain ratios, ADG, and % boneless closely trimmed
retial cuts (%0BCTRC) were calculated. Dry matter intake (DM1), body weight (BW), feed:gain
(F:G), ADG, blood and skeletal muscle Se concentration, and carcass characteristic data were
analyzed as a randomized complete design with the GLM procedure of SAS (SAS Inst. Inc.,
Cary, NY) using pen as the experimental unit. The model included treatment. Orthagonal
contrast statements included 1) Control vs supra-Se supplementation; 2) linear effect of supra-
Se supplementation; and 3) quadratic effect of supra-Se supplementation.

Results

Length of supra-selenium supplementation did not affect performance measures of DMI, final
weight, gain, F:G, and ADG (P = 0.28; Table 2), carcass characteristics (fat depth, body wall
thickness, REA, and HCW; P = 0.29; Table 2) or carcass quality (P = 0.31; Table 2).

Initial and final plasma Se concentrations were similar for all lambs (P = 0.06; Table 3). Muscle
Se (wet and dry) concentration increased quadratically (P = 0.05) as length of supra-Se
supplementation increased (Table 3).

Discussion

Lamb performance, carcass characteristics, and carcass quality of lambs in this study were not
affected by the length of supra-selenium supplementation. These results are similar to results in
steers (Hintze et al., 2002; Lawler et al., 2004) and lambs (Schauer et al., 2005). Unlike the
results reported by Schauer et al. (2005), we did not observe a decrease in DMI and HCW as
length of supra-Se supplementation increased, suggesting the previous results for DMI and HWC
may be misleading.

Muscle Se concentration in our trial quadratically increased (P = 0.05) as length of supra-
selenium supplementation increased. These results are similar to results of other researchers for
beef (Lawler et al., 2004) and sheep (Van Ryssen et al., 1989; Ehlig et al., 1967; Taylor, 2005).
However, our trial indicates a plateau in muscle Se concentration may be reached, which has not
been previously reported. Taylor (2005) reported that although gut tissue (kidney, lever, spleen,
and duodenum) selenium concentration appeared to plateau after 56 d of supra-Se
supplementation (2.9 ppm), he did not observe a similar plateau in muscle Se concentration.
Similarly, Schauer et al. (2005) observed a linear increase in muscle Se concentration following
56 d of supra-Se supplementation (1.89 ppm), but did not observe a plateau in muscle Se
concentration. These results suggest that supra-selenium supplementation for the purpose of
enhancing muscle selenium concentration should be withheld for the final 56 days of lamb
finishing.



North Americans acquire their daily Se requirement primarily from wheat grain and beef
(Schubert et al., 1987; Holden et al., 1991; Hintze et al., 2001). A ¥ Ib portion of lamb from
lambs fed a supra-selenium supplemented diet would provide approximately 147, 146, 95, 64,
and 42 ug Se/day (wet basis; 84, 56, 28, 14, and 0 day supra-selenium supplementation,
respectively). While the 28 d supplemented treatment in this trial provided adequate selenium to
meet the recommended dietary allowance for selenium in humans (RDA = 55 ug Se/day for
females and 70 pg Se/day for males), the selenium concentration in lamb skeletal muscle tissue
for the 84 and 56 day selenium supplemented treatment would provide approximately 200% of
the RDA for selenium. This level falls within the range indicated by Clark et al. (1996; 2 to 4
fold the RDA) for humans to reduce their chance of developing lung, colorectal, and prostate
cancer. Our results suggest that animals may prove to be an excellent “filter” for preventing Se
toxicity in humans who are consuming high Se diets for the prevention of cancer. Because of the
plateau in muscle Se concentration, humans may be prevented from consuming toxic levels of Se
if red meat is the source of supra-Se in their diet.

Implications

Development of feeding protocols for achieving high selenium lamb will aid producers in
developing a niche market for the sale of lamb as an organic selenium supplement, as well as
adding value to locally grown forages through the finishing of lambs. Additionally, the beef
industry may derive benefit from this research as a model of feeding beef cattle to achieve high
selenium status for the purpose of niche marketing. Our results indicate the supplementing
selenium during the finishing phase can result in a lamb product that is naturally high in
selenium. Muscle selenium concentrations may plateau following 84 days of supra-selenium
supplementation, indicating a need to concentrate the supra-supplementation of selenium into the
final 84 days of finishing.
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Table 1. Dietary ingredient and nutrient composition of lamb finishing diets

Diets®
Feedstuff Se
concentration,
Ingredient ppm Control Selenium Diet
%, DM basis
Corn 0.12 73.09 72.85
Alfalfa 0.21 24.65 24.64
Trace Mineral® 0.44 0.44
Selenoyeast 614 0.24
CTC® 0.52 0.52
Limestone 0.87 0.87
_Ammonium Chloride S 044 044
Nutrient Composition of Diet
CP, % 13 13
TDN, % 83 83
ADF, % 9.59 10.05
Ca:P 3.32 3.01
Selenium, ppm 0.57 2.60
Selenium intake, ugekg™ BWed™ 4.34 50.17

#Control = no supra-selenium supplementation with selenoyeast; Selenium Diet =
supplementation with selenoyeast for the final 14, 28, 56, or 84 days of finishing.

*Trace mineral: 95.5% NaCl, 3,500 ppm Zn, 2,000 ppm Fe, 1,800 ppm Mn, 350 ppm Cu, 100
ppm I, and 60 ppm Co.

‘CTC (4G) was formulated to provide 48 g/ton chlortetracycline.



Table 2. The influence of supra-selenium supplementation on feedlot lamb performance and carcass characteristics

Treatment® P-value®
Item Control 14day 28day 56day 84day SEM" Control vs Supp. Linear Quadratic
Dry Matter Intake, Ibs/hd/day 3.10 3.07 3.10 3.19 3.02 0.06 0.91 0.83 0.36
Final Weight, lbs 121 122 121 125 121 1.2 0.39 0.52 0.29
Gain, Ibs 43 44 44 47 43 1.3 0.49 0.69 0.29
Average Daily Gain, Ibs/day 0.52 0.53 0.52 0.56 0.52 0.02 0.41 0.59 0.31
F:G 6.04 5.80 6.00 5.72 5.89 0.15 0.28 0.43 0.57
Hot Carcass Weight, Ibs 59 59 59 61 58 0.9 0.76 0.86 0.28
Fat Depth, in 0.18 0.21 0.18 0.19 0.18 0.02 0.82 0.74 0.78
Ribeye Area, in? 2.6 2.5 2.5 2.6 2.7 0.1 0.58 0.25 0.09
Quality Grade® 3.0 3.0 3.0 3.0 3.0 0.03 0.62 0.49 0.56
Yield Grade 2.4 2.3 2.2 2.4 2.4 0.11 0.53 0.76 0.31
% BCTRC® 45.8 45.6 45.7 45.8 45.8 0.18 0.65 0.82 0.56

#Control = no supra-selenium supplementation with selenoyeast; 14 days = supplementation with selenoyeast for the final 14 days of
finishing; 28 days = supplementation with selenoyeast for the final 28 days of finishing; 56 days = supplementation with selenoyeast

for the final 56 days of finishing; 84 days = supplementation with selenoyeast for the final 84 days of finishing.

bStandard Error of Mean: n =4 .

°P-value for Control vs supra-selenium supplemented treatments and linear and quadratic affect of supra-selenium supplementation.

91 = utility; 2 = good; 3 = choice; 4 = prime.

®% boneless closely trimmed retail cuts (49.936-(0.0848*D5)-(4.376*E5)-(3.53*F5)+(2.456*Gb)).



Table 3. The influence of supra-selenium supplementation on feedlot lamb muscle and plasma selenium concentration

Treatment? P-value®
Control vs

Item Control 14day 28day 56day 84 day SEM" Supp. Linear  Quadratic
Initial plasma Se 017  0.15 0.16 0.17 016 0005 0.6 0.54 0.23
Concentratlon, ppm
Final plasma Se 026  0.28 0.26 0.25 026 0025 092 0.53 0.89
concentration, ppm
Muscle Se concentration, 141 212 3.25 473 480 009 <0001 <0001 001
ppm; DM
Muscle Se concentration, 0.37 0.56 0.84 1.29 130 003 <0001 <0001 005
ppm; wet

#Control = no supra-selenium supplementation with selenoyeast; 14 days = supplementation with selenoyeast for the final 14 days of
finishing; 28 days = supplementation with selenoyeast for the final 28 days of finishing; 56 days = supplementation with selenoyeast
for the final 56 days of finishing; 84 days = supplementation for the final 84 days of finishing.

bStandard Error of Mean: n =4 .

°P-value for Control vs supra-selenium supplemented treatments and linear and quadratic affect of supra-selenium supplementation.
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Impact Statement
Dried distillers grains replacing up to 30% of the corn portion of a corn and alfalfa based
finishing ration increased lamb performance and had no negative effect on lamb carcass traits.

Introduction

Coproducts from the ethanol industry are increasingly available in the northern Great Plains as
the ethanol industry continues to expand. Dried distillers grain (DDG), one such coproduct, is an
excellent source of energy and protein for beef cattle and sheep (Lardy, 2003). North Dakota,
Minnesota, and South Dakota annually produced about 900,000 tons of DDG, approximately
80% of which are fed to ruminants. Research in beef cattle backgrounding and finishing diets
report that DDG can be fed as a source of supplemental protein and/or energy at levels up to 20%
of the diet dry matter (Lardy, 2003). However, DDG are high in potassium, phosphorus, and
sulfur, and care must be used when feeding DDG at the upper limits of the recommendation.
Little research has evaluated the inclusion of dried distillers grains as a replacement for
concentrate in lamb finishing rations. Schauer et al. (2005) reported that DDG can be included at
levels up to 15% of a finishing ration with no negative affect on lamb performance or carcass
traits. While it is widely accepted that DDG are an excellent source of protein and energy, the
unique problems of feeding feedstuffs high in phosphorus and sulfur to sheep warrant additional
research. Maintaining a calcium to phosphorus ratio of 2:1 or greater for the prevention of
urinary calculi may become difficult as the level of DDG included in lamb finishing rations
increases. This study was designed to evaluate how lambs respond to increasing levels of DDG
in a finishing ration.

Materials and Methods

A randomized complete design was used to evaluate the influence of DDG in lamb finishing
diets. One-hundred forty four wethers (54 + 0.3 Ibs initial BW) were stratified by weight and
breed (western white-faced Rambouillet and western white-faced Rambouillet X Katahdin) and
assigned randomly to 9 pens (16 wethers/pen). Pens were then assigned to one of three diets; 0%
replacement of corn with DDG (Control), 15 % replacement of corn with DDG (15%0), or 30%
replacement of corn with DDG (30%; Table 1). Wethers were fed a finishing diet for 119 days.
The control diet consisted of 73% corn and 25% alfalfa hay. Rations were formulated as to
maintain a Ca:P ratio of 2:1 or greater and sulfur was monitored (0.40% of diet; Table 1).
Rations were mixed and ground through a grinder-mixer and provided ad-libitum via bulk
feeders. Wethers were weighed on day 0, 28, 56, 84, and 119. Initial and final weights were an
average of two-day weights. Following the 119 day finishing period, wethers were harvested
and carcass data collected at lowa Lamb Corp, Hawarden, 1A. Feedlot performance and carcass



trait data were analyzed as a randomized complete design using the GLM procedure of SAS
(SAS Inst. Inc., Cary, NY). The model included treatment. Contrast statements included 1)
Control vs DDG inclusion; and 2) linear effect of DDG inclusion.

Results

The effects of treatments on feedlot performance and carcass traits are shown in Table 2. Final
weight, gain, ADG, mortality, and ribeye area were affected by treatment (P < 0.05). Final
weight and total gain increased linearly (P = 0.04 and P = 0.02, respectively) as level of DDG
inclusion increased. Subsequently, ADG increased linearly (P = 0.02). However, intake was not
affected (P = 0.67), resulting in a Feed:Gain ratio that was not different (P = 0.20) than Control.
While the majority of carcass traits were not affected by treatment (P > 0.42), ribeye area
increased (P = 0.01) in a similar trend to total gain and ADG. Hot carcass weight averaged 69
Ibs, resulting in carcasses averaging choice with a yield grade of 3.8 and 45% boneless closely
trimmed retail cuts.

Discussion

Dried distillers grains replacing up to 30% of the corn portion of a corn and alfalfa based
finishing ration improved lamb weight gain, resulting in an increased ribeye area. Other
researchers suggest that DDG can be an effective replacement of concentrate with no affect of
livestock performance compared to control rations. Erickson et al. (1989) provided up to 28% of
a finishing ration as DDG and observed no negative affects on performance. Similarly, Schauer
et al. (2005) replaced up to 15% of the total ration with DDG and found no difference in lamb
performance or carcass traits. However, our data suggests an increase in performance from
increasing levels of DDG. In our trial, the crude protein levels of the DDG rations are in excess
of the requirements for lambs during this stage of production (NRC, 1985). Inthe CON ration,
CP may be limiting as corn CP concentrations are substantially lower than DDG CP
concentrations. Future research is needed to determine if adequate performance can be
maintained while utilizing lower quality forages than alfalfa with DDG replacing a portion of the
concentrate in the diet. Additionally, future research should evaluate increased inclusion of
DDG, beyond 30% of the concentrate portion of the diet. While Ca:P ratios may be able to be
maintained, diet palatability may begin to decrease as additional limestone is added, resulting in
decreased performance. Additionally, inclusion above 30% of the concentrate portion may result
in sulfur concentrations greater than toxicity values reported by the NRC (1985). Sulfur toxicity
may result in decreased intake, performance, and potentially polio as well as health problems
associated with sulfur binding to copper, resulting in copper deficiencies.

Implications

The expansion of the ethanol industry in the region may result in an increase in the availability of
dried distillers grains. When appropriately priced relative to corn and/or barley, dried distillers
grains can effectively replace up to 30% of the concentrate portion of a corn-based lamb
finishing ration with no negative effects on feedlot performance or carcass traits.
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Table 1. Dietary ingredient and nutrient composition of control and dried distillers grain diets

Diets®
Ingredient Control 15% 30%
. %DMbasis

Corn 73.0 61.5 50.1
Dried distillers grain 11.25 22.5
Alfalfa 25.0 25.0 25.0
Ammonium Chloride 0.49 0.49 0.49
Trace mineral® 0.49 0.49 0.49
CTC® 0.60 0.60 0.60
Limestone* 0.50 0.70 0.90
Nutrient Concentration

CP,% 11.7 14.6 18.4

TDN, % 82.2 82.8 84.6

ADF, % 9.5 10.6 11.8

Sulfur, %° 0.14 0.21 0.30

Ca, % 0.65 0.77 1.19

P, % 0.27 0.36 0.43

#Control = 0% replacement of corn with dried distillers grains; 15 = replacement of 15% of corn
with dried distillers grains; 30 = replacement of 30% of corn with dried distillers grains.

*Trace mineral: 95.5% NaCl, 3,500 ppm Zn, 2,000 ppm Fe, 1,800 ppm Mn, 350 ppm Cu, 100
ppm I, and 60 ppm Co.

‘CTC (4G) was formulated to provide 48 g/ton chlortetracycline.

ILimestone addition was formulated to maintain a Ca:P of 2.0 or greater.

Sulfur may be toxic at 0.40% of diet.



Table 2. The influence of dried distillers grains on feedlot lamb performance and carcass
characteristics

Treatment® P-value®
Control

Item Control  15% 30%  SEM® vsDDG Linear
Initial Wi, Ibs 54 54 55 0.27 0.13 0.42
Final Wt, Ibs 124 124 129 1.48 0.04 0.04
Gain, Ibs 66 68 74 1.86 0.06 0.02
Average Daily Gain, Ibs/day 045 0.52 0.60 0.03 0.13 0.02
Dry Matter Intake, lbs/hd/d 413 4.23 4.23 0.09 1.0 0.45
F:G 933 8.2 7.1 0.76 0.34 0.08
Mortality 2 1 0.3 0.4 0.27 0.02
Hot Carcass Weight, Ibs 69 70 70 1.5 1.0 0.65
Leg score 12 12 12 0.3 1.0 1.0

Conformation score 11 12 12 0.3 1.0 0.50
Fat Depth, in 035 0.34 0.32 0.02 0.65 0.47
Body Wall Thickness, in 0.99 1.00 1.02 0.04 0.77 0.60
Ribeye Area, in’ 2.5 2.5 2.6 0.02 0.05 0.01
Quality Grade® Choice  Choice  Choice 0.2 0.27 1.0

Yield Grade 39 38 3.6 0.2 0.65 0.47
%BCTRC® 447 444 44.6 0.3 0.59 0.93

#Control = 0% replacement of barley with dried distillers grains; 15 = replacement of 15% of
barley with dried distillers grains; 30 = replacement of 30% of barley with dried distillers grains.
®Standard Error of Mean; n= 3.

°P-value for Control vs DDG treatments and linear affect of dried distillers grains inclusion.
dUtility, Good, Choice, or Prime.

®% boneless closely trimmed retail cuts (49.936-(0.0848*D5)-(4.376*E5)-
(3.53*F5)+(2.456*Gb)).
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Impact Statement

Our results indicate the %2 blood and %2 blood Katahdin lambs performed adequately in the
feedlot compared to Rambouillet bred lambs. We observed no decrease in average daily gain or
yield and quality grades for Katahdin lambs compared to conventionally bred lambs.

Introduction

In spite of the demonstrated improvement of range and profit potential, few cattle ranchers have
chosen bio-control of leafy spurge with sheep over chemical control. Sell et al. (1998) reported
the reasons for this reluctance: 72% of the ranchers cited lack of proper equipment; 44% thought
sheep/goats competed for the same forage as cattle; 41% felt they lacked the expertise to work
with sheep/goats; and 40% thought adding sheep/goats would be too time consuming. Sell et al.
(1998) also point out that no local decision makers (county or township commissioners, county
agents, weed board members, and state legislators) from North or South Dakota felt that sheep or
goats were very effective in controlling leafy spurge.

One alternative that may convince beef producers to include sheep in their grazing plan for the
control of noxious weeds is to use a breed of sheep that does not require shearing; hence, the
management of the sheep enterprise would be similar to that of managing beef. Preliminary data
from the Animal and Range Science Department at NDSU indicates that the Katahdin breed is
hardy, shows indications of parasite resistance, and will produce offspring which shed their
fleece growth annually (data supports the need for a 75% Katahdin breed influence for shedding
to be consistent; Moore et al., 2001). Additionally, the breed shows indications of potential for
accelerated lambing with acceptable fertility (Wildeus, 1997). As a breed, they are smaller
framed and slower growing when compared to Columbia and Hampshire sired lambs, but may
have improved feed conversion (Moore et al., 2004). Carcass characteristics do not appear
different from conventional breeds commonly used in commercial production in the US (Moore
et al., 2004). However, one concern for lamb feeders is the possibility of a pelt discount at
slaughter time due to the presence of hair instead of wool. Little published research has
evaluated the influence of Katahdin breeding on lamb feedlot performance and carcass
characteristics compared to contemporaries.

The study hypothesis is: 1) Katahdin influenced lambs will have lower average daily gain, feed
intake, and feed:gain, and require more days on feed to achieve a similar carcass weight



compared to Rambouillet influenced lambs. This study will contribute data toward the
objectives of NCR-190: Increased Efficiency of Sheep Production.

Materials and Methods

This study was conducted in conjunction with the dried distillers grain trial described in this
publication. A randomized complete design was used to evaluate the influence of Katahdin
breeding on lamb feedlot performance and carcass characteristics. One-hundred forty four
wethers (54 + 0.3 Ibs initial BW) were stratified by weight and breed (western white-faced
Rambouillet and western white-faced Rambouillet X Katahdin) and assigned randomly to 9 pens
(16 wethers/pen; approximately 48 Rambouillet, 48 Rambouillet X Katahdin [1/2 Katahdin] and
48 Rambouillet x Katahdin X Rambouillet [3/4 Katahdin]). Pens were then assigned to one of
three diets; Control, 15 % replacement of corn with DDG (15%), or 30% replacement of corn
with DDG (30%; Table 1). Wethers were fed a finishing diet for 119 days. The control diet
consisted of 73% barley and 25% alfalfa hay. Rations were formulated as to maintain a Ca:P
ratio of 2:1 or greater and sulfur below the toxicity range (0.40% of diet; Table 1). Rations were
mixed and ground through a grinder-mixer and provided ad-libitum via bulk feeders. Wethers
were weighed on day 0, 28, 56, 84, and 119. Initial and final weights were an average of two-
day weights. Following the 119 day finishing period, wethers were harvested at lowa Lamb
Corp., Hawarden, 1A and carcass data collected. Feedlot performance and carcass trait data
were analyzed as a randomized complete design using the GLM procedure of SAS (SAS Inst.
Inc., Cary, NY). There was no interaction (P > 0.32) between breed and dried distillers grains
inclusion on lamb performance, therefore, the affects of breed were analyzed without ration type
included in the model. The model included breed and the experimental unit was animal.
Planned pairwise comparisons (least significant difference) were used to separate breed least
square means when the F-test was significant (P < 0.10).

Results and Discussion

Gain, average daily gain (ADG), and ribeye area were not affected (P > 0.20) by breed type
(Table 2). Final weight, hot carcass weight, fat depth, body wall thickness, and quality and yield
grade were affected (P < 0.04) by breed type (Table 2). Final weights and hot carcass weights
were higher for ¥2 Katahdin than % Katahdin lambs, with Rambouillet lambs intermediate. This
response is largely because initial weights were highest for %2 Katahdin lambs, followed by
Rambouillet and ¥ Katahdin lambs. Because of the higher final and carcass weights, carcass
data followed a similar trend. Fat depth, body wall thickness, yield grade, and quality grade
were highest for %2 Katahdin lambs, with Rambouillet and % Katahdin lambs being similar,
expect for quality grade, for which Rambouillet lambs were higher than % blood lambs. The
percentage of boneless closely trimmed retail cuts (% BCTRC) reflected the amount of fat cover
for the %2 Katahdin lambs, resulting in a slight reduction in the % of BCTRC compared to
Rambouillet and ¥ Katahdin lambs.

Our responses for performance are not similar to those observed by other researchers. Moore et
al. (2004) reported a decrease in ADG for Katahdin influenced lambs compared to lambs sired
by Columbia and Hampshire rams. Direct comparisons of Katahdin feedlot performance
between trials are difficult because of breed differences between Columbia and Hampshire sired
lambs and Montadale/Rambouillet sire lambs. However, the differences observed between trials
clearly indicate a need for additional research to determine the interactions between other breed



types and Katahdin on feedlot performance. Additionally, future research is needed to determine
what affect Katahdin breeding has on carcass characteristics and percent retail product. Our
results for carcass characteristics are not consistent with results reported by Moore et al. (2004).

Implications

As beef producers and land managers continue the struggle for the control of noxious weeds, the
need for a low-input sheep breed becomes of increased importance. Additionally, because of the
lack of shearers, especially for small “farm flocks™, a need for an alternative to wool breeds is
needed. The Katahdin breed of hair sheep, possibly bred to a traditional wool ewe, may become
an alternative that is appealing to beef producers as they require little to no shearing. This breed
alternative may make a sheep enterprise more appealing to beef producers by decreasing the
input and labor costs that have traditionally been the limiting factor for including sheep in a beef
operation. Currently, our results indicate the %2 and %, blood Katahdin lambs performed
adequately in the feedlot compared to Rambouillet bred lambs.
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Table 1. Dietary ingredient and nutrient composition of diets fed to Katahdin x Rambouillet and
Rambouillet lambs

Diets®
Ingredient Control 15% 30%
o %,DMbasis

Corn 73.0 61.5 50.1
Dried distillers grain 11.25 22.5
Alfalfa 25.0 25.0 25.0
Ammonium Chloride 0.49 0.49 0.49
Trace mineral® 0.49 0.49 0.49
CTC® 0.60 0.60 0.60
Limestone* 0.50 0.70 0.90
Nutrient Concentration

CP, % 11.7 14.6 18.4

TDN, % 82.2 82.8 84.6

ADF, % 9.5 10.6 11.8

Sulfur, %° 0.14 0.21 0.30

Ca, % 0.65 0.77 1.19

P, % 0.27 0.36 0.43

#Control = 0% replacement of corn with dried distillers grains; 15 = replacement of 15% of corn
with dried distillers grains; 30 = replacement of 30% of corn with dried distillers grains.

®Trace mineral: 95.5% NaCl, 3,500 ppm Zn, 2,000 ppm Fe, 1,800 ppm Mn, 350 ppm Cu, 100
ppm I, and 60 ppm Co.

‘CTC (4G) was formulated to provide 48 g/ton chlortetracycline.

dLimestone addition was formulated to maintain a Ca:P of 2.0 or greater.

®Sulfur may be toxic at 0.40% of diet.



Table 2. The influence of Katahdin breeding on feedlot lamb performance and carcass
characteristics

Breed®

Item Rambouillet % Katahdin % Katahdin  SEM® P value®
Gain, Ibs 70 72 66 3 0.21
Final Wt, Ibs 1277 139° 104* 3 < 0.001
Average Daily Gain, Ibs/day 0.58 0.61 0.55 0.02 0.20
Hot Carcass Weight, Ibs 68" 76° 59 1 <0.001
Fat Depth, in 0.29" 0.38” 0.28* 0.02 <0.002
Body Wall Thickness, in 0.95" 1.10Y 0.91% 0.03 <0.001
Ribeye Area, in? 2.5 2.6 2.4 0.1 0.20
Quality Grade® 11.6” 12.0° 11.2% 0.1 0.002
Yield Grade 3.3 4.2 3.2 0.2 0.002
% BCTRC® 45Y 44" 45y 0.4 0.03
Mortality 0.3¢ 0.1 0.7 0.2 0.04

#1/2 Katahdin = Katahdin x Rambouillet; % Katahdin = % Katahdin x Rambouillet; Rambouillet
= Rambouillet.

*Standard Error of Mean; n =9 .

°P-value for Katahdin vs Rambouillet.

91 = utility; 2 = good; 3 = choice; 4 = prime.

®% boneless closely trimmed retail cuts (49.936-(0.0848*D5)-(4.376*E5)-
(3.53*F5)+(2.456*G5)).

Y Within a row, means without a common superscript differ (P < 0.10).
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Impact Statement

Sheep or cattle/sheep grazing reduced leafy spurge stem density by 99% after ten years of
grazing. However, sheep grazing alone achieved this reduction within 4 years, while cattle/sheep
grazing required five years to achieve a similar reduction.

Introduction

Leafy spurge (Euphorbia esula L.) is North Dakota’s most destructive noxious weed, invading
over 1,200,000 acres of North Dakota land, primarily rangeland (North Dakota Dept. of
Agriculture 2002). Leafy spurge has been reported in at least 35 states and six Canadian
provinces (USDA, NRSCS 1999). This weed, which is extremely persistent and competitive,
has contributed significantly to economic losses in the livestock industry. Thompson et al.
(1990) estimated that land depreciation losses were over $137 million in North Dakota due to
leafy spurge infestations. Leitch et al. (1994) reported that total direct and secondary annual
impacts were over $86 million in North Dakota and over $129.5 million in the upper Midwest.

The use of sheep as a biocontrol agent in the control of leafy spurge is not a new concept. In the
late 30°s and early 40’s Christensen et al. (1938), Helgeson and Thompson (1939) and Helgeson
and Longwell (1942) indicated that sheep consumed leafy spurge and should be integrated into
management strategies in controlling leafy spurge, however, there was limited promotion.
Herbicides continue to be the primary method for control of leafy spurge (Lym et al. 1995).
Many areas infested with leafy spurge, however, are in environmentally sensitive areas and most
herbicides for controlling leafy spurge are not labeled for application in these sensitive areas.
Therefore, many land managers have chosen alternative control agents, such as Angora goats or
sheep. Research conducted in the 1980’s and 1990’s has shown that sheep or goats will reduce
leafy spurge stem densities and increase grass and grass-like disappearance, and reported
significant benefits in using multi-species grazing to manage leafy spurge infested rangelands
(Prosser 1995).

Multi-species grazing allows rangeland managers to utilize a wider diversity of vegetation than
single-species grazing (Merrill et al. 1966). The utilization of more than one livestock species on
a rangeland containing various vegetative communities provides the potential of increasing



species diversity, vegetative production, and ultimately red meat production. The economic
losses associated with leafy spurge invasion require that the spread of leafy spurge is controlled
and ultimately reversed. While it is known that sheep may help control the spread and actually
reduce leafy spurge infestation, research is need that describes the long term trends in forb and
shrub species density and richness, herbage production, and livestock gains resulting from multi-
and single-species grazing of leafy spurge infested rangelands. No long term published research
is available describing the ecological impact of multi- and single-species grazing with sheep
and/or cattle, as well as the ideal rate at which to replace cattle with sheep to achieve leafy
spurge reduction.

The objectives of this study were to test the effects of multi-species and single species grazing
treatments using cattle and sheep on: 1) differences in leafy spurge control, plant species richness
and density, plant species diversity, 2) evaluate differences in utilization levels by plant type and
herbage production, and 3) evaluate differences in livestock weight gain.

Study Area

This study was conducted on Section 32, T139N, R81W of Morton County owned by the North
Dakota State Correction Center in south central North Dakota, approximately two miles
southwest of Mandan, and on the north half of Section 9 T138N, R81W of Morton county on
native rangeland operated by the USDA-ARS Northern Great Plains Research Laboratory,
approximately three miles south of Mandan. The study area was located in the Missouri Slope
Prairie region. Vegetation in this region is typical of northern mixed grass prairie (Barker and
Whitman 1989) and classified as a wheatgrass-grama-needlegrass (Agropyron, Bouteloua, Stipa)
plant community (Shiflet 1994).

Grazing treatments were multi-species and single-species grazing on three replicated 20 acre
blocks. Replicates one and two were within the North Dakota State Correction Center land and
replicate three was on the USDA-ARS Northern Great Plains Research Laboratory. Each of the
replicates were subdivided into 5 acre plots and the plots were treated with cattle only (CO),
sheep only (SO), cattle and sheep (CS), or a non-use control (NU). Treatments were randomly
allocated within each block in 1996, and treatments were applied through 2005. The
experimental design was a randomized complete block design (RCBD).

Sheep were placed on treatments approximately 15 May and cattle 1 June when native cool
season grass species reach grazing readiness (3-4 leaf stage). Livestock species were removed
from treatments when 50 to 60 percent degree of grass and grass-like species use was achieved,
or before 15 September.

Stocking rates include two yearling steers for CO from 1996 to 2005; twelve mature ewes in
1996, ten-mature ewes 1997 and 1998, and seven mature ewes from 1999 to 2005 for SO; one
yearling steer and six mature ewes in 1996 and one yearling steer and five mature ewes from
1997 to 2005 for CS. Stocking rates were approximately 1.5 AUM/acre for CO, SO, and CS.
Stocking rates for this trial were designed for 3.5 months of grazing for the steers and 4 months
of grazing for the ewes. The adjusted sheep stocking rates for SO and CS were due to a decrease
in leafy spurge production following treatment application.



Materials and Methods

Leafy spurge stem density counts were obtained using a permanent 109.4 yard line transect and
counts collected approximately every 5 % yards using a 1.08 ft* quadrat. One transect was
systematically placed in each of the four treatments (CO, SO, CS, and NU) for each replicate.
Transects were selected based on leafy spurge location within the treatments to assure full length
of transect comprised leafy spurge. Leafy spurge densities were monitored over eight years to
evaluate the effectiveness of sheep grazing with single or multi-species management in the
control of leafy spurge. Leafy spurge stem densities were evaluated at the end of May.

Forb and shrub species diversity and density was determined using a 2.7 ft* quadrat. Nested
within the 2.7 ft* quadrat was a 1.08 ft® quadrat used to determine grass and grass-like species
diversity. Data was collected from 109.4 yard transects with readings conducted approximately
every 5% yards. Data was collected on all treatments and replicate from the leafy spurge
transect developed to monitor leafy spurge stem density counts. One native (non-infested) 109.4
yard transect was located within each replicated treatment to monitor species diversity and
density changes that may naturally occur due to treatment. Readings were collected from the
native transects annually, except in 1997 and 2003. The leafy spurge transects were monitored
annually.

Leafy spurge, grass and grass-like, shrub, and forb herbage production were determined by
clipping in late July in all treatments when vegetative species reached peak production (Whitman
etal. 1952). Each plot was stratified into 7.67 x 7.67 yard grid. A 7.67 yard buffer strip was
implemented to prevent an edge effect. Twenty-five plots were clipped on the grid within each
plot using a 2.7 ft* quadrat.

Degree of disappearance of leafy spurge, grass and grass-likes, forbs, and shrubs were
determined for each treatment at the end of the grazing season by stratifying each treatment into
7.67 by 7.67 yard quadrats in 1996, 1997, 1998, and 1999. Twenty-five quadrats were clipped
within the grid using a 2.7 ft* quadrat for each grazed and non-use treatment to determine the
degree of disappearance. The method of determining degree of disappearance was changed in
2000 due to the change in herbage production on the grazing treatments. Degree of
disappearance was monitored using the pair-plot technique in 2000. Five cages were
systematically placed within each grazing treatment (CO, SO, and CS) in leafy spurge infested
sites. Two frames within each cage and two out of each cage were clipped after the removal of
livestock species.

Livestock performance and production were collected for both cattle and sheep by determining
average daily gain (ADG) and gain per acre, respectively. Both classes of livestock were
weighed prior to pasture turn out and at the end of grazing season.

Treatment and year effects for leafy spurge stem density, forb and shrub density, herbage
production, degree of disappearance, and livestock performances were analyzed using a GLM
procedure of SAS (SAS Inst. Inc., Cary, NY). Mean separation was performed using Tukey’s
Honesty Significant Difference when significant (P<0.05) differences were found. Shannon
Wiener Index was used to calculate species diversity indices for both leafy spurge infested and
non-infested range sites. Treatment and year effects of species diversity were analyzed using a



non-parametric test.

Results and Discussion

A significant (P < 0.05) reduction in leafy spurge stem density occurred after one grazing season
for SO and again after two grazing seasons (Table 1). Leafy spurge stem density was decreased
(P < 0.05) after three years of grazing for CS. Leafy spurge was reduced from 10.4 stems/1.08
ft? in 1996 to 0.8/1.08 ft* stems in 1999 for SO; a reduction of 92% after four grazing seasons
and 99% after ten grazing seasons. Leafy spurge stem densities were reduced (P < 0.05) by 99%
after ten grazing seasons for CS, and were similar (P < 0.05) to SO by year 5. Leafy spurge stem
density for CO and NU were reduced (P < 0.05) by 91 and 89%, respectively, after ten grazing
seasons; however, reductions in years 6 through 10 were probably the result of bio-control
insects invading the research plots in 2001. Leafy spurge stem densities were reduced (P < 0.05)
from 9.8 stems/1.08 ft? in 1996 to 0.9 stems/1.08 ft* in 2005 for CO, and from 9.8 stems/1.08 ft*
in 1996 to 1.1 stems/1.08 ft? in 2005 for NU (Table 1).

Leafy spurge and non-infested range sites were significantly different (P < 0.05) in forb and
shrub density at the beginning of the study in 1996 (Table 2). A treatment x site (leafy spurge or
native) interaction was observed after ten grazing seasons for forb and shrub density (P = 0.002)
as well as graminoid density (P = 0.01). However, when analyzing the data within treatment, it
appears little change has occurred in the native and leafy spurge infested sites as leafy spurge
stem density decreased over time (Tables 2 and 3).

Peak herbage production is listed in Table 4. Changes in production are the result of variation in
annual precipitation and temperature. Steer ADG did not exhibit a treatment by year interaction
(P =0.91) or a treatment effect (P = 0.18). However, a year effect (P = 0.05) was observed.
While extreme variation in performance exists, it appears the majority of the variation is related
to precipitation events (Tables 4 and 5). However, ewe ADG exhibited a treatment by year
interaction (P < 0.001). But once again, much of the variation appears to be linked to
precipitation events (Table 5). These results would suggest multi-species grazing had no
significant negative or positive impact on sheep or cattle performance compared with single
species grazing.

Conclusion

Sheep grazing, either as a sole enterprise or mixed with cattle is an effective tool in controlling
leafy spurge. When replacing cattle AUM’s with sheep AUM’s, leafy spurge stem density was
reduced by 99% after ten years of grazing. Similarly, when grazing sheep and cattle together,
leafy spurge stem density was reduced by 99% after ten years of grazing. However, the
reduction took five years to achieve for cattle and sheep grazing, while grazing with sheep alone
took only four years to achieve a similar reduction. Large differences in forb, shrub, and grass
species diversity do not appear to be present after ten grazing seasons. While subtle differences
exist for livestock performance on a treatment basis, it appears that the majority of variation for
livestock performance is precipitation related, not related to multi-species grazing.
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Table 1. Effect of multi- and single-species grazing on leafy spurge stem density/ 1.08 ft?
Treatment®
Year co SO CS NU SEM°
1996 9.8 10.4 11.6 9.8 1.9
1997 12.0 6.8 12.3 11.4 1.9
1998 10.8 2.5 11.8 11.1 1.9
1999 11.1 0.8 6.5 10.5 1.9
2000 62 06 21 81 19
Y Change  37%  94% 82%’ . % S
2001° 5.0 0.3 0.8 5.4 1.9
2002° 2.5 0.3 0.2 2.3 1.9
2003° 3.4 0.3 0.4 3.7 1.9
2004° 2.0 0.3 0.3 1.2 1.9
2005° 09 | 01 o1 11 19
% Change 91%" 99%" 99%" 89%"

4CO = cattle only; SO = sheep only; CS = cattle and sheep; NU = control.
*Standard Error of Mean; n = 3.

“Bio-control insects present in all treatments and replications.

Within a row, means without a common superscript differ (P < 0.05).



Table 2. Effect of multi- and single-species grazing on forb and shrub species density/2.7 ft*

Treatment?
Year CON COS SON SOS CSN CSS NUN NUS SEMP p°
1996 6.7° 1.8° 5.8¢ 1.1° 45° 0.9° 7.8° 1.1° 1.10 <0.002
2005 5.0¢ 10.9° 1.8 1.2¢ 1.9¢ 1.7¢ 8.0¢ 13.0¢ 1.96 <0.002

#CON = cattle only non-infested; COS = cattle only leafy spurge infested; SON = sheep only non-infested; SOS = sheep only leafy
spurge infested; CSN = cattle and sheep non-infested; CSS = cattle and sheep leafy spurge infested; NUN = control non-infested; NUS
= control leafy spurge infested.

®Standard Error of Mean; n = 3.

°P-value for F-test of treatment

%€ \Within a row and treatment, means without a common superscript differ (P < 0.05).

Table 3. Effect of multi- and single-species grazing on graminoid species density/1.08 ft*

Treatment?
Year CON COS SON SOS CSN CSS NUN NUS SEMP PC
1996
2005 3.2¢ 2.5¢ 3.7¢ 3.8¢ 2.6¢ 3.6¢ 1.5¢ 2.1¢ 0.43 0.01

#CON = cattle only non-infested; COS = cattle only leafy spurge infested; SON = sheep only non-infested; SOS = sheep only leafy
spurge infested; CSN = cattle and sheep non-infested; CSS = cattle and sheep leafy spurge infested; NUN = control non-infested; NUS
= control leafy spurge infested.

®Standard Error of Mean; n = 3.

°P-value for F-test of treatment

dWithin a row and treatment, means without a common superscript differ (P < 0.05).



Table 4. Peak herbage production (Ib/acre) for graminoids, forbs, shrubs, and leafy spurge for
1996 through 2005

Treatment
Year Graminoid Forb Shrub Leafy Spurge
1996 1529 117 83 405
1997 1317 84 15 445
1998 1058 46 15 350
1999 1608 170 14 409
2000 1651 95 9 625
2001* 2244 91 29 287
2002* 1791 48 7 251
2003* 1419 90 82 275
2004* 1591 84 18 147
2005* 1499 250 107 285

*Bio-control insects present (2001, bio-control insects were found in all treatments and reps).

Table 5. Effect of multi- and single-species grazing on livestock average daily gains (Ib/d; SE in
parentheses)

Treatment®

Year Steer SEMP SO Ewe CS Ewe SEM

1996 1.65"Y 0.18 0.16""" 0.16"¥* 0.04
1997 1.36™* 0.18 0.08™Y 0.09™* 0.05
1998 1.09° 0.20 0.03¥ 0.06? 0.05
1999 1.66™Y 0.18 0.11" 0.18"? 0.05
2000 1.93% 0.18 0.20" 0.22% 0.05
2001 1.79™% 0.18 0.23" 0.20"™ 0.05
2002 1.44"Y* 0.18 0.13"VW* 0.21"™ 0.05
2003 1.28 0.18 -0.31% 0.06% 0.05
2004 1.24Y* 0.18 0.11""Y 0.11"¥* 0.05
2005 1.31% 0.18 0.04Y 0.08” 0.05

“Steer = average daily gain for steers for both treatments; SO Ewe = ewe average daily gain for
the sheep only treatment; CS Ewe = ewe average daily gain for the cattle and sheep treatment.
°SEM = Standard Error of Mean; n = 3.

“dithin a row and species, means without a common superscript differ (P < 0.05).

Y2\Within a column and livestock species, means without a common superscript differ (P <
0.05).
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Impact Statement

Season-long grazing of cattle and sheep will reduce leafy spurge in fewer grazing seasons than
twice-over rotation grazing of cattle and sheep; however, trends indicate that in time twice-over
rotation grazing will provide similar control to season-long grazing.

Introduction

Herbicides continue to be the primary method to control and eradicate leafy spurge (Euphorbia
esula L.; Lym et al. 1995). However, it is not economically feasible to control large infestations
(Bangsund et al. 1996). Most herbicides which provide effective control of leafy spurge are not
labeled for use in environmentally sensitive areas. This noxious weed, which is extremely
persistent and competitive, has contributed significantly to economic losses to the livestock
industry (Leitch et al. 1994). The economic losses associated with leafy spurge invasion require
that the spread of leafy spurge is controlled and ultimately reversed.

Use of grazing as a biological control for leafy spurge has become more acceptable in recent
years. Goats have been reported to be an excellent tool to control and reduce leafy spurge
infestations (Sedivec and Maine 1993; Hanson 1994; Prosser 1995; Sedivec et al. 1995). The
use of sheep as a control method was proven successful as early as the late 1930s and early
1940s by Helgeson and Thompson (1939) and Helgeson and Longwell (1942). However, there
have been many disagreements in the literature concerning utilization of leafy spurge by sheep
(Landgraf et al. 1984) due to the aversive chemicals found in the latex of leafy spurge. Research
by Lym and Kirby (1987) reported that cattle totally or partially avoid leafy spurge infested sites
and intensify use on non-infested sites.

Multi-species grazing, the concurrent use of rangeland by more than one kind of animal, has
been advocated to maximize animal production/acre (Merrill and Miller 1961). The utilization
of more than one livestock species on a rangeland which contains various vegetative
communities provides the potential of increasing species diversity, vegetative production, and
ultimately red meat production/acre. However, no published reports have documented the



potential use of sheep and cattle in a multi-species grazing approach to improve graminoid
species use, increase plant richness, and to control leafy spurge on leafy spurge infested
rangeland.

The objectives of this study were to:

1) Determine effects of multi-species grazing using twice-over rotation grazing system
(TOR), season-long grazing treatments (SL), and non-use treatment (NU) on leafy
spurge control.

2) Evaluate species diversity, herbage production, degree of disappearance of herbage,
and livestock performance on TOR and SL using a multi-species grazing program.

Study Area

The research was conducted on two separate tracts of land in Morton County. The first tract was
Sections 31 and 32, T139N, R81W, in south central North Dakota, approximately two miles
southwest of Mandan. This tract consisted of 603 acres of native rangeland owned by the North
Dakota State Correctional Center. The second tract was on the north half of Section 9, T138N,
R81W on 237 acres of native rangeland operated by the Northern Great Plains Research
Laboratory, approximately three miles south of Mandan. Both tracts are found in the Missouri
Slope Prairie Region and associated with the Heart River Watershed. Vegetation in this region is
typical of northern mixed grass prairie (Barker and Whitman 1988) and classified as a
wheatgrass-grama-needle grass (Agropyron, Bouteloua, Stipa) plant community (Shiflet 1994).
Leafy spurge infestations were mapped before the study and estimated to cover 30 percent of
each tract of rangeland.

The TOR consists of four pastures grazed by one herd of cow/calf pairs and mature dry ewes. A
total of 96 animal units (AU) of cattle (eight five 1200 Ib. cows with calves) and 33 AU of sheep
(two hundred 135 Ib. mature white-face ewes without lambs), or a total 532 animal unit months
(AUM), grazed the TOR treatment in 1996 and 1997. Cattle AU were reduced to 85 AU of
cattle (seventy six 1200 Ib. cows with calves) in 1998; however, sheep AU remained the same
and a total 491 AUM grazed the TOR in 1998. In 1999 - 2005, stocking rates were increased to
120 AU of cattle (85 — 1420 Ib cows with calves) and 42 AU of sheep (250 — mature white-face
ewes without lambs), or 810 AUM of grazing. The overall stocking rate was 0.88 AUM/acre in
1996 and 1997, 0.82 AUM/acre in 1998, and 1.3 AUM/acre in 1999 - 2005. Cattle and sheep are
rotated through the four pastures twice each year.

The SL treatment was grazed moderately light in 1996 due to lack of range evaluation data and
unknown carrying capacities. Twenty-seven AU of cattle (thirty five 700 Ib. yearling steers) and
8 AU of sheep (forty eight 135 Ib. mature white-face ewes without lambs), or a total 144 AUM,
grazed the SL treatment in 1996. Stocking densities were increased in 1997 - 2005 to include 37
AU of cattle (forty nine 705 Ib. yearling steers) and 13 AU of sheep (seventy eight 135 Ib.
mature white-face ewes without lambs), or a total 250 AUM. The overall stocking rate was 0.61
AUM/acre in 1996 and 1.05 AUM/acre in 1997 - 2005. Cattle and sheep graze one pasture the
entire grazing season each year.



Sheep were placed on pasture approximately 15 May each year when leafy spurge was ready for
grazing and cattle on 1 June when native cool season grass species reach grazing readiness (3-4
leaf stage). Livestock species were removed from the treatments when 50 to 60 percent degree
of graminoid disappearance was reached, or by 1 October.

Materials and Methods

Obijective 1

Leafy spurge stem density was determined in three 32 ft by 16 ft exclosures/treatment. Each
exclosure was subdivided in two 16 ft by 16 ft plots with one plot randomly assigned a grazed
treatment (TOR or SL) and the second plot an ungrazed treatment (NU). A 2.5 ft buffer was
placed along the inside border of each grazed and ungrazed plot to prevent an edge effect. Each
plot was further stratified into 1.08 ft* (0.1 m?) quadrats and each quadrat assigned a number.
Ten 1.08 ft? quadrats were randomly selected in each treatment for leafy spurge stem density
counts. Leafy spurge stem densities were collected in the first week of June throughout the
duration of the study.

Obijective 2

Forage production and degree of disappearance for leafy spurge, grass and grass-like, shrubs, and
other forbs were determined using a pair-plot clipping technique (Milner and Hughes 1968).
Eight cages were dispersed in each of the four pastures of the TOR; four cages in leafy spurge
infested sites and four in non-infested sites. Twelve cages were systematically placed in the SL
pastures; six cages in leafy spurge infested sites and six cages on non-infested sites. Two plots
were clipped from each cage using a 2.7 ft? (0.25 m?) frame.

Livestock performance and production were determined for both cattle and sheep and expressed
as average daily gain (ADG). Weights were taken when animals were allocated to and removed
from pastures each year.

Treatment and year effects for leafy spurge stem density, species richness, forb and shrub
density, herbage production, degree of use, and livestock performance were analyzed using the
GLM procedure of SAS (SAS Inst. Inc., Cary, NY). Mean separation was performed using
Tukey’s Honesty Significant Difference when significant (P < 0.05) differences were found.
Shannon Wiener Index was used to calculate species diversity indices for both leafy spurge
infested and non leafy spurge infested range sites. Treatment and year effect’s of species
diversity was analyzed using a non-parametric test.

Results and Discussion

Leafy spurge stem density decreased (P < 0.05) on the SL after four grazing seasons while taking
seven grazing seasons to achieve a similar decrease (P < 0.05) on TOR (Table 1). Following ten
grazing seasons, leafy spurge stem density was reduced 100% for SL, and 94% for TOR. These
results support trends observed by Lym et al. (1997), who evaluated multi-species grazing with
cattle and angora goats. They reported season-long grazing reduced leafy spurge stem density
faster than rotational grazing. Results of both studies suggest that season-long grazing using a
multi-species approach will reduce leafy spurge stem density faster than rotational grazing.

Plant species diversity on non-infested and leafy spurge infested range sites was different (P >
0.05) in 1996 because of experimental design (Table 2). A year by site (grazed or ungrazed) by



treatment interaction was observed after ten years of grazing (P < 0.001). Forb and shrub species
density increased (P < 0.05) for leafy spurge infested sites in the TOR treatment, with no affect
(P > 0.05) for the TOR native and the SL leafy spurge infested sites. However, forb and shrub
species density decreased (P < 0.05) for the SL native site. One possible explanation for the
decrease in forb and shrub species density for SL grazing could be the preference of sheep for
leafy spurge. It appears that the sheep consumed the leafy spurge in the SL treatment to a greater
extent that for TOR (supported by a quicker decrease in stem density for SL). This increased
grazing pressure on these sites may have resulted in forb and shrub species being stressed by the
increased in grazing pressure. While TOR did not decrease in stem density as quickly as SL, this
slightly lower grazing pressure may have enhanced forb and shrub population, by decreasing
leafy spurge stem density without the extra grazing pressure harming the forb and shrub species.

Cow and calf ADG for TOR and steer ADG for SL exhibited a year affect (P < 0.001). Cow
ADG was highest (P < 0.05) in 2000, and lowest (P < 0.05) in 1998 (Table 3). However, calf
ADG was highest (P < 0.05) in 2004, and lowest (P < 0.05) in 1997 (Table 3). Steer ADG was
highest (P < 0.05) in 1999 and lowest (P < 0.05) in 2005 (Table 3). Ewe ADG for TOR was
highest (P < 0.05) in 1996, and lowest (P < 0.05) in 2005. Season-long ewe ADG was highest
(P <0.05) in 2001, and lowest (P < 0.05) in 1999 and 2003. Results for ewe ADG are not
readily explainable, as performance did not follow available standing forage. However, it
appears that performance declined as leafy spurge stem density decreased, resulting in a
decreased availability of nutrients from the leafy spurge for the sheep.

Conclusion

Season-long grazing of cattle and sheep will reduce leafy spurge in fewer grazing seasons than
twice-over rotation grazing. However, it appears that with additional time twice-over rotation
grazing will provide similar control to season-long grazing. Results for plant species diversity
are inconclusive at this time. Additional years of treatment application should begin to yield
significant results. Livestock performance results indicate that yearly variation exists, regardless
of grazing management.
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Table 1. Effect of season-long and twice-over ration grazing on leafy spurge stem
density/ 1.08 ft?

Treatment?
Year SL TOR SEM”
1996 14.37" 13.20" 2.28
1997 12.33% 15.90% 2.28
1998 11.57% 12.77" 2.28
1999 5.70% 13.43Y 2.28
2000 118 900 228
%Reduction 9% 2% -
2001 0.07* 9.53 2.28
2002 0.00" 3.37% 2.28
2003 0.13* 3.53* 2.28
2004 0.03" 0.53* 2.28
2005 000 080 228
% Reduction 100% 94%

4SL = seaon-long; TOR = twice-over ration.
®Standard Error of Mean.
Within a row, means without a common superscript differ (P < 0.05).



Table 2. Effect of season-long and twice-over ration grazing on forb and shrub species
density/2.7 ft?

Treatment?
Year SLN SLS TORN TORS SEM p°
1996 14.79%Y 0.06%Y 8.46% 0.94% 2.88 <0.001
2005 4.8% 2.08% 6.98Y 15.39% 2.88 <0.001

#SLN = season-long non-infested; SLS = season-long leafy spurge infested; TORN = twice-over
ration non-infested; TORS = twice-over ration leafy spurge infested.

®Standard Error of Mean.

°P-value for F-test of treatment

%€ \Within a row and treatment, means without a common superscript differ (P < 0.05).

YAWithin a column, means without a common superscript differ (P < 0.05).

Table 3. Effect of multi- and single-species grazing on livestock average daily gains (lb/d; SE in
parentheses)

Treatment?
Year TOR Cow TOR Calf SL Steer TOR Ewe SL Ewe
1996 0.79"W 2.34" 1.99" 0.32° 0.26"
1997 1.00"* 2.32° 1.84"" 0.25" 0.28%
1998 0.00" 2.42! 1.54" 0.26* 0.23"
1999 0.67" 2.64" 2.09¥ 0.24"" 0.17%
2000 1.39Y 2.86% 1.91"% 0.30" 0.19%
2001 0.85"" 2.55" 1.79" 0.20 0.32%
2002 0.82" 2.60" 1.60" 0.22" 0.21%
2003 1.18% 2.64" 1.66" 0.24"W 0.15°
2004 0.81W 3.00* 1.58" 0.17" 0.23"
2005 0.59" 2.58" 1.16° 0.15° 0.21%
SEM 0.09 0.03 0.05 0.01 0.01

*TOR Cow = cow average daily gain for twice-over ration; TOR Calf = calf average daily gain
for twice-over rotation; SL Steer = steer average daily gain for season-long; TOR Ewe = ewe
average daily gain for twice-over ration; SL Ewe = ewe average daily gain for season-long.
suvY2\within a column and livestock species, means without a common superscript differ (P <
0.05).



