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Spooner Sheep Day was held annually at the Spooner Agricultural Research Station for 50 
years – from 1953 through 2002. We believe that it is the longest running agricultural field day 
of the several organized each year on the various Agricultural Research Stations of the College 
of Agricultural and Life Sciences, University of Wisconsin-Madison. After the 2002 Spooner 
Sheep Day, the decision was made to hold the traditional Spooner Sheep Day every-other year 
on even-numbered years.  This decision was made so that a Spooner Dairy Sheep Day could be 
held on odd-numbered years with a program that could be better tailored to the focused issues of 
the dairy sheep industry. Therefore, there is still a sheep field day at the Spooner Agricultural 
Research Station every year, and even though the 2009 field day is only the 4th Spooner Dairy 
Sheep Day, it is the 57th consecutive annual sheep field day held at the station, and we hope to 
host many more.   
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4th BIENNIAL SPOONER DAIRY SHEEP DAY 
(Focusing on research and issues of the dairy sheep industry) 

 
and 100th Anniversary of the Founding of the 

Spooner Agricultural Research Station 
 

Spooner Agricultural Research Station, University of Wisconsin-
Madison, Spooner, Wisconsin 

Saturday, August 22, 2009 
 

9:00 a.m. Registration - Station Headquarters 
9:30 Welcome and Station Update – Phil Holman, Superintendent, Spooner Ag. 

Research Station, College of Agricultural and Life Sciences (CALS), UW-
Madison 

9:45 Economics of Dairy Sheep Production – Yves Berger, Researcher, Spooner Ag. 
Research Station, CALS, UW-Madison 

10:30 Break 
10:45 Protein Utilization in Lactating Dairy Ewes – Claire Sandrock, Ph.D. 

Graduate Research Assistant, Dept.  of Animal Sciences, CALS, UW-Madison 
11:30 Experiences Using Corn Silage for Dairy Sheep  – Paul Haskins, Dairy Sheep 

Producer, Swedish Mission Farm, River Falls, WI 
Noon Lunch - Purchase tickets at the time of registration 
1:15 p.m. A Bright Future for Sheep Milk Cheeses – Sid Cook, Wisconsin Master 

Cheesemaker and Owner of Carr Valley Cheese, La Valle, WI 
1:45 Effect of Level of Nutrition of Ewe Lambs on Their Milk Production –  Dr. 

Dave Thomas, Dept.  of Animal Sciences, CALS, UW-Madison and UW-Extension 
2:15 Progress Report: Performance of Hair-Dairy Sheep Crosses – Yves Berger 
2:45 Dairy Sheep, Dairy-Hair Sheep Crosses, Sheep Barn, Milking Parlor, and 

Pastures Available for Viewing - Staff Available to Answer Questions 
4:00 Adjourn 
 
Attendance at the educational sessions of the Spooner Dairy Sheep Day is free.  There is a charge 

for the lamb barbecue lunch. 
 

Spooner Dairy Sheep Day is sponsored by the College of Agricultural and Life Sciences, 
University of Wisconsin-Madison and Cooperative Extension, University of Wisconsin-

Extension. 
 

Make Plans Now to Attend the 2010 54th Biennial Spooner Sheep Day on Saturday, August 
28, 2010. 
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UW-MADISON SPOONER AGRICULTURAL RESEARCH STATION 
100th ANNIVERSARY 

 
Philip Holman, Superintendent 

Spooner Agricultural Research Station 
University of Wisconsin-Madison 

Spooner, Wisconsin 
 
100th Anniversary Open House 
Tuesday, October 20, 2009 
1:00 to 4:00 p.m. 
Headquarters Building  
Spooner Agricultural Research Station 

 
Spooner Agricultural Research Station History 

 
The Spooner Agricultural Research Station was established in 1909 when the city of Spooner 

donated 80 acres of sandy loam soil to the University of Wisconsin. An additional 80 acres 
adjoining the original was purchased from Mabel Dodge in 1911. In 1931, 243 acres were 
purchased from J.D. Thomas.  Highway sales in 1963 and 1985 totaled 15 acres, resulting in the 
present size of 388 acres. 

 
Crop improvement has been an important task at the station. The station produced Wisconsin 

#25 open pollinated dent corn and Spooner oats, both good selections at the time. The station 
was instrumental in the development, release, and maintenance of Wisconsin Early Black, 
Flambeau, 606 Manchu, and 507 Mandarin soybeans. 

 
In 1923, the station undertook the inbreeding of corn and by 1929 made the first early 

experimental double hybrids. The station supervised the production and processing of foundation 
seed stocks, reaching a high of 3,602 acres in 1946. The station pioneered the use of irrigation on 
farm crops. 

 
The sheep project on the Spooner station was taken on in 1936 after an outbreak of 

Brucellosis in the herd of dairy cattle.  The herd of 25 cows was disposed of, and the sheep 
project was initiated to utilize excess roughage. Research of all kinds, from pasture studies to 
introduction of the Targhee breed to Wisconsin, has been done. In 1995 - as a response to the 
many Wisconsin sheep producers who had shown a strong interest - the Station began pioneering 
research in the dairy sheep industry and remains the definitive source for dairy sheep information 
in the country.  A sheep milking parlor was opened in 1996.  The station has hosted an annual 
Spooner Sheep Day for 57 consecutive years and is instrumental in the planning and execution of 
the annual Great Lakes Dairy Sheep Symposium since 1995 which is hosted in various locations 
in the United States, including here at Spooner, and in Canada.    
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Current Research 
 

Crops. The current field crop research at the Spooner Research Station is diversified. Crops 
include corn, alfalfa, forage grasses, Kura clover, wheat, oats, rye, barley, soybeans, Italian 
ryegrass, switchgrass, and wine grapes.  Research centers on variety evaluation, weed control, 
planting date, and plant population effects on yield and quality. In addition, research is done on 
insect and disease control, irrigation management, and effects of soil type, fertility, and soil pH 
level.  

 
In 1999, the Station undertook new research in fast-growing hybrid poplar trees, and in 2001 

a 2 1/2 acre Native Prairie Restoration was established.  In 2008, 10 varieties of wine grapes 
were started.  Crop research is performed not only on the Station's sandy loam soils, but also on 
off-station silt loam soil.  Off-station research is used to provide information to the many 
growers using similar soils in northwest Wisconsin. 

 
Sheep. Sheep research is a major program at the Spooner Ag Research Station. Current 

research is focused on dairy sheep, especially the genetic improvement of dairy sheep and 
production of sheep milk for processing into cheese.  Animal research resources include:  

* 350 ewes of various ages; East Friesian crossbreds and Lacaune crossbreds. 
* 12 rams 
* Sheep barn (50' x 168'), eight individual pasture fields of approximately five acres 

each, ram barn, and dairy sheep milking parlor. 
 

Teaching and Outreach Activities 
 

The UW Spooner Ag Research Station is a unique facility that houses staff from both UW-
Madison Ag Research Stations and UW-Extension.  This administrative arrangement is referred 
to as the "Northern Wisconsin Ag Initiative" (NWAI). The NWAI's main objective is to combine 
the skills and expertise to better serve the needs of the surrounding agricultural community. 

 
The Spooner Ag Research Station welcomes many individuals as well as academic and civic 

tour groups each year; however, we ask that visitors receive authorization before entering animal 
facilities.  The Station hosts its annual Sheep Day as well as many other crop and horticultural field days, which 
furthers its mission to serve the people of the state through agricultural education. 

 
Groups and individuals are always welcome.  Tours can be arranged with advance notice.   

For more information about the Spooner Ag Research Station and its research and educational 
programs, please contact: 

Spooner Ag Research Station 
W6646 Highway 70 
Spooner, WI  54801 

715-635-3735 or 800-528-1914 
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ECONOMICS OF DAIRY SHEEP OPERATIONS 
 

Yves Berger 
Spooner Agricultural Research Station 

University of Wisconsin-Madison 
Spooner, Wisconsin 

 
Introduction 

 
As in any enterprise, milking sheep and selling the milk (or processed products) is all about 

making a profit. Of course, the financial return will be variable according to the producer’s 
reasons for starting a dairy sheep business (practical and/or philosophical); reasons which will 
influence the type of operation. Nevertheless, no matter the type of operation, it has to be a 
profitable one while respecting the agro-ecosystem principles of sustainability. There are 
practically as many types of operations as there are producers, but in North America most sheep 
dairy enterprises are small-scale family businesses (50 to 150 ewes) either looking for a 
supplemental income or trying to provide a full time occupation to at least one member of the 
household. These types of operations are generally oriented toward low labor and low financial 
inputs, lambing late in the spring to reduce the need of buildings and to take advantage of the 
growth of grass to cover the high nutritional demands of lactating ewes in full production. With 
this system, milk is generally produced at a lower cost but the lactation length is shorter because 
of the declining length of days and because of the high summer temperatures. In larger 
operations (more than 200 ewes), the initial investment for sheep dairying can be substantial 
because of the need for better milking equipment, larger freezer, etc. Such operations could look 
at the feasibility of milking all year around by dividing the flock for spring, autumn and winter 
lambing. However, the system described in this article has older ewes lamb in early winter and 
young ewes one or two months later. Although demanding more labor and feed inputs, winter 
lambing and milking offers many advantages. 
 

In order to have a good economic idea of various systems, we developed a spreadsheet in 
which a producer can enter his/her own numbers. We think that after more than 15 years of sheep 
milking experience, we now have a better understanding of what it takes to produce milk at 
various levels. 

 
This spreadsheet is available on the internet for everyone to use at 

http://www.ansci.wisc.edu/Extension-New%20copy/sheep/index.html   All numbers highlighted 
in yellow (shaded if printed in grayscale) can be changed to reflect your particular situation and 
costs. 

 
The following budget analysis example is for a winter lambing operation with 300 ewes (250 

mature ewes and 50 young ewes). The example does not include any incentives provided by the 
government (e.g. wool LDP payments). Starting in 2008, the milk sold through the WI Sheep 
Dairy Co-op was paid for on components using a cheese yield formula with an incentive for low 
somatic cell count. Fixed expenses would be very different depending on amount of debt so an 
example is given for both a high and a low debt service. 
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Milk production.  The total amount of milk produced per ewe is the most important factor 
for the success of the enterprise, therefore it should be maximized. Some natural factors such as 
cold temperatures optimize feed intake, which favors higher milk production. The lengthening of 
daylight also favors milk production by sustaining lactation for a longer period. Higher milk 
production can be achieved by removing lambs from their dams soon after birth, raising all 
lambs on milk replacer and milking the ewes twice per day from 3 to 4 days post parturition. 
About 30% of the total milk yield is produced during the first month of lactation. This system is 
routinely used at the Spooner Research Station. The average milk production of all ewes during 
the 2008 season at the Spooner Research Station was 789 pounds for mature ewes and 530 
pounds for young ewes in 1st lactation. This production is for high-percentage dairy ewes of East 
Friesian and Lacaune breeding. 

 
The complete milking (twice a day – lambs raised on milk replacer) or partial milking (once 

a day - ewes are raising their lambs) during the first month of lactation has to be seriously 
considered when working with high producing ewes. The amount of milk produced by those 
ewes during the first 30 days is generally well above the needs of 2 or even 3 lambs. The surplus 
milk should be collected to avoid a high rate of mastitis. 

  
Labor. There is no doubt that winter lambing requires more labor because, with the climate 

such as in Wisconsin, lambing occurs in a barn. Ewes and newborn lambs are generally isolated 
in lambing jugs, stored feed has to be distributed, pens have to be cleaned, etc. Moreover, the 
rearing of lambs on milk replacer will add an extra burden unless the producer is well set up for 
this endeavor. We consider that 1 3/4 people, beside occasional family help, are needed for the 
care, lambing, and milking of 300 ewes. 

   
Labor is well utilized at a period when outside work is near impossible. The peak of lactation 

for most ewes (therefore longer milking time) occurs before field work begins. In spring when 
outside work becomes possible and necessary, milking is already a routine phase. When summer 
comes, milking can be phased down to once a day or, better yet, to 3 milkings in 48 hours 
(milking time could be 6 am, 10 pm, 2 pm etc...) leaving more time for family summer activities. 

 
 Feed. The highest nutritional needs (end of gestation and early lactation) are met with 

expensive stored feed. The needs are generally covered with high quality hay and corn. Dairy 
quality hay can cost as high as $200 a ton (2009 price). During the months of November, 
December and January in late pregnancy, ewes are given roughly 4 pounds of average quality 
hay, and this is increased to 6 pounds of high quality hay during the first 3 months of lactation. 
Whole corn is provided at a rate of 2 pounds/head/day during the first 3 months of lactation and 
at a rate of 1 pound/head/day for the next 3 months. As soon as the growing season allows, all 
ewes are grazed on 35 acres of Kura clover-orchard grass pastures in a rotational grazing system. 
All lambs and replacement ewe lambs are raised in complete confinement. 

  
Lambs consume 103 pounds of a 21% CP creep/grower feed between birth and sale at a live 

weight of 80 pounds. 
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Lambs raised on milk replacer consume an average of 18 pounds of milk powder between 
birth and weaning at 28 days of age. High quality lamb milk replacer can be purchased for 
$1.05/lb. in 2009 when ordered in a large quantity.  

 
Equipment and buildings. The equipment requirement for the milking of 300 ewes is 

independent of the type of management and season of milking. The system has to be efficient for 
rapid milking twice a day, and the freezing capacity (if milk is sold frozen) should be sufficient 
for the rapid freezing and storage of 800 to 1200 pounds of milk daily during the peak of 
lactation. An additional advantage of winter or early spring milking is that the freezer does not 
work quite as hard as in June, July or August. In 2008, freezers in most farms were less and less 
used because of the ability of the Wisconsin Sheep Dairy Co-op to market fluid milk. 

 
Buildings are necessary for successful winter lambing, especially in cold areas. Their role is 

to provide protection against the natural elements but do not need to be very sophisticated. They 
should consist of a main barn where lambing occurs and where ewes spend a minimum amount 
of time (a few days) and several three-sided shelters with loafing areas where recently freshened 
ewes and young lambs are transferred shortly after lambing. “Hoop” or “Green house“-type 
barns with natural ventilation are good investment for the rearing of lambs on milk replacer. 
They are quickly set up for a fraction of the cost of a more permanent building. New or 
extensively remodeled buildings will significantly increase the fixed cost of the operation. 
However, on well established farms, buildings are generally present and can be used for sheep 
with relatively little investment. 

 
The concentration of sheep in a barn has always been perceived as a leading cause of 

pneumonia. Therefore, barns should be well ventilated. East Friesian lambs or high percentage 
East Friesian crossbred lambs are very susceptible to pneumonia, so rearing them in barns should 
be of some concern. However, in our experience, pneumonia in lambs is much more prevalent in 
spring lambing when there is a wide variation of temperature between days and nights.    

  
Bedding. Winter lambing and the use of buildings lead to a high consumption of bedding, 

especially in a dairy sheep operation. Conventional straw bedding is becoming very expensive. 
In order to keep the 300 ewes of the operation (and their lambs) as clean as possible for milking, 
a total of 35 tons of straw might be necessary. Good quality straw is difficult to find in the 
Midwest for less than $100/ton. Alternatives such as slotted floors could be a solution to reduce 
the cost of bedding.  

 
Budget Analysis 

  
The Return to Labor and Management (the take home pay of the producer) using the high 

milk production obtained at the Spooner Research Station is as low as $48,000 with a high debt 
service and as high as $66,000 if the farm has a low debt service. High fixed expenses appear to 
be the leading cause of the high cost of production. Variable expenses can be lowered only as 
long as it does not affect the well being of the animals or the operator or does not result in a large 
decrease in milk production. In our example, the ewe feed cost represents 35% of the variable 
expenses and it is certainly possible to reduce this amount without affecting the total milk 
production. Research has shown that high producing ewes have a better feed efficiency than 
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lower producing ewes. Therefore, with higher producing ewes, the (ewe feed cost/receipt from 
milk) ratio would be greatly improved. Also, less expensive feedstuffs such as haylage should be 
envisaged. 

 
Total gross income, also, has a large influence on the Return to Labor and Management, and 

in the case of a dairy operation, the sale of milk can represent 70% of the total income. A flock 
milk yield of at least 450 pounds (low debt) and 550 pounds (high debt) was needed in 2008 to 
reach the breakeven point. Five hundred fifty pounds per ewe is a respectable average flock 
yield, which cannot be obtained with poor quality feedstuffs and poor management. Moreover, 
with a lower yield it would become difficult to sell high price breeding stock. In a winter 
lambing operation, cost of production can be reduced only by so much before dramatically 
reducing the total income and thus the Return to Labor and Management. Spring lambing 
systems, on the other hand, offer more possibilities for the reduction of cost of production and 
have been shown to allow for a slightly better Return to Labor and Management, at least in a 
lamb/wool only operation. The total receipt from milk would be lower due to lower overall milk 
production. 

 
The adoption of a lambing system, however, is more often dictated by the conditions, the 

resources, and the availability of goods in or around the farm rather than by real choice. It will be 
up to the ingenuity, the knowledge, and the skills of the producer to make it work.  

 

CALCULATION OF RETURN TO LABOR & MANAGEMENT 
FOR A DAIRY SHEEP OPERATION 

  

Information About Your Flock 
Are you or will you be a member of WSDC (yes=1, no= 0) 1   
Number of ewes in the flock 300 
Number of ewes desired for the following year 300 
Percentage of ewes lambing 94% 
Average number of lambs born per ewe 2 
Percentage of dead lambs 15% 
Percentage of ewe loss 5% 
Percentage replacement 25% 
Number of rams 7 
Number of ewe lambs sold for breeding 40 
Number of ram lambs sold for breeding 4 
Average weight of lambs at sale 80 
Average weight of ewes 170 
Average milk production per ewe (pounds) 750 
Average # of ewes milked per hour 140 
Average set up and cleaning time before and after each milking 0.5 
Average # of days each ewe is milked 210 
Percentage of milk sold frozen 0%   
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Flock Results 
Number of lambs born 564 
Number of lambs raised 479 
Number of replacement ewe lambs to keep 90 
Number of lambs for sale 389 
Number of lamb sold for meat 345 
Number of cull ewes 75 
Number of ewes milked (90% of total ewes) 270 
Minimum number of acres of improved pastures  (8 ewes/acre) 38   

Price of Products for Sale 
Price of lambs at sale per pounds  $    1.10  
Price of breeding ewe lambs  $250.00  
Price of breeding ram lambs  $600.00  
Price of cull ewes per pound  $    0.25  
Price of wool including LDP  $    0.42  
Average price of fresh milk per pound  $    0.75  
Average price of frozen milk per pound  $    0.80    

RECEIPTS 
Lambs sold for meat  $     30,395    
Ewe Lambs sold for breeding  $     10,000    
Ram lambs sold for breeding  $       2,400    
Fresh milk  $   151,875    
Frozen milk  $              -    
Packaging of pallets of frozen milk (WSDC members only)  $              -    
Culled ewes  $       3,188    
Wool  $       1,032    
Other income     
Other income     
Total receipt  $  198,889  

VARIABLE EXPENSES 
Ewe Feed Quantity $ Unit   
# months on pasture 6  $    3.00  month/ewe  $       5,526  
# months average quality hay (3% DM 
intake) 1.5   month   
Tons of average quality  hay needed and 
price 38  $120.00  ton  $       4,544  
# months good quality hay (4% DM 
intake) 5   lb   
Tons of good quality hay needed and 
price 168  $200.00  ton  $     33,660  
# months average hay for rams 
(5lb/day/ram) 6   month  $              -  
Tons of average quality hay for rams and 
price 4   $120.00  ton  $          420  
# months corn for rams (2lb/day/ram) 3  $    0.08  lb  $          101  
# months corn at 1 lb/day/ewe 3  $    0.08  lb  $       2,160  
# months corn at 2 lbs/day/ewe  4  $    0.08  lb  $       5,184  
Mineral 20 lbs/ewe/year    $    0.40  lb  $       2,456    
Total Ewe Feed  $    54,051  
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VARIABLE EXPENSES (continued) 
Lamb Feed Quantity $ Unit   
Creep feed 21% CP 80  $    0.16  lb  $       6,136  
Finish ration 13% CP 0  $    0.12  lb  $              -  
# days on pasture 0  $    0.03  day/lamb  $              -  
High quality hay for replacement 
ewes 15  $200.00  ton  $       2,970  
 (2.5 lb for 120 days)         
Corn replacement ewes (1 lb for 
120 days) 10800  $    0.08  lb  $          864  
Milk replacer 18  $    1.05  lb  $       9,061    
Total Lamb Feed  $    19,031  

 
Other Expenses   Quantity $ Unit   
Shearing 2  $    2.50  /ewe  $       1,500  
Marketing-trucking  $    7.00  /ewe or lamb  $       1,463  
Milk production testing (# of 
times tested) 7  $    1.00  /ewe/time  $       1,890  
Vet-Med  $    5.00  /ewe  $       1,500  
Supplies sheep   $    5.00  /ewe  $       1,500  
Supplies milking  $    5.00  /ewe  $       1,350  
Bedding straw (lb/ewe) 250  $    0.05  /lb  $       3,750  
Electricity freezer (very variable)  $    0.05  /lb of milk  $              -  
Electricity other  $       2,835  
Machine operation cost  $       1,500  
Ram cost (1/3 of rams changed every year)  $       1,400  
Maintenance and repair  $       1,500  
Vehicle expenses  $          500  
Hired labor for milking (hours) 1020  $  10.00  /hour  $     10,200  
Hired labor for other (hours) 800  $  10.00  /hour  $       8,000  
Unplanned and unforeseen expenses  $       4,000  
Other Equipment rental  $              -  
Other   
Interest on operating loan  8%    $       9,278    
   $    52,166  

  
Total Variable Expenses  $  125,247  
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FIXED EXPENSES 
  Investment Terms Interest % High Debt Low Debt 

Farm payment  $ 200,000  30 6  $     14,530    
Livestock  $   50,000  15 6  $       5,148    
Sheep Equipment  $   10,000  20 6  $          872    
Buildings  $   30,000  30 6  $       2,179    
Milking equipment  $   80,000  15 6  $       8,237   $      8,237  
Freezer    $   12,000  15 6  $       1,236   $      1,236  
Pick up truck (used)  $     5,000  5 6  $       1,187   $      1,187  
Machinery  $   10,000  5 6  $       2,374   $      2,374  
Feed storage  $     5,000  10 6  $          679   $        679  
Property Taxes  $       2,000   $      2,000  
Insurance  $       1,000   $      1,000  
Total  $     39,442   $    16,713  
 

RETURNS High debt 
Low 
debt 

Total Income  $   198,889   $  198,889  
Less Variable Expenses  $   125,247   $  125,247  
Return to Labor and Capital  $     73,642   $    73,642  
Less Fixed Expenses  $     39,442   $    16,713  
Return to Labor and Management  $     34,200   $    56,929  

  
Per Ewe  $          114   $        190  
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 PROTEIN UTILIZATION IN LACTATING DAIRY EWES � 
 

Claire M. Sandrock, David L. Thomas and Yves M. Berger 

University of Wisconsin-Madison 
Madison and Spooner, Wisconsin 

 
Background 
 
Protein Requirements for Lactating Sheep 
 

Dietary protein recommendations for lactating sheep include amino acid requirements for 
maintenance, tissue and wool growth, and milk production (NRC, 2007).  These requirements 
are met by a combination of feed, microbial, and endogenous protein.  Rumen microbes utilize 
energy from fermentable carbohydrates and nitrogen (N) from peptides, amino acids (AA), and 
ammonia to grow and multiply (NRC, 2001).  After leaving the rumen, feed, endogenous and 
microbial proteins are exposed to acid-pepsin digestion in the abomasum and pancreatic and 
intestinal proteases in the small intestine.  The amino acid products are absorbed in the small 
intestine, transported to the liver, and may reach the mammary gland to contribute to milk 
protein production.  The utilization of amino acids for milk protein depends on the quality and 
quantity of the amino acids leaving the rumen and their degree of intestinal absorption.  The 
dynamic process of rumen fermentation creates challenges to balancing diets for ruminants to 
optimize nitrogen utilization for milk production. 
 
Rumen Degradable Protein 
 

Rumen degradable protein (RDP) is composed of non-protein N and true protein N.  Non-
protein N is present in the form of AA, peptides, nucleic acids, and ammonia.  Rumen microbes 
utilize N from ammonia, amino acids and peptides to support microbial protein growth (Argyle 
and Baldwin, 1989; NRC, 2007).  Through the fermentation of feedstuffs, rumen microbes alter 
the profile of amino acids reaching the small intestine.  Rumen microbial protein (MCP) is the 
primary source of protein for ruminants and may constitute 60 to 75% of the AA flow to the 
small intestine (Agricultural Research Council, 1980; Clark et al., 1992).  In dairy cows, Hristov 
et al. (2004) reported 61% of milk protein N originated from MCP.  Therefore, diet formulation 
must incorporate adequate RDP to support microbial growth.  Inadequate RDP compromises 
microbial growth, leading to a reduction in DM digestibility and nutrient availability to the host 
(Stokes et al., 1991; Clark et al., 1992). 

  
Since microbial growth is dependant on the utilization of fermentable carbohydrates, RDP 

recommendations for sheep in the NRC (2007) are based on the concentration of dietary total 
digestible nutrients (TDN), with a correction for physically effective fiber levels below 20% of 
dry matter (DM).  Recent guidelines (NRC, 2007) indicate that a 100 kg (220 lb.) dairy ewe 
producing 2.37 to 3.97 kg (5.2 to 8.7 lb.) milk/day requires 8.6% RDP, as a percentage of DM 
intake, to maximize microbial protein production in the rumen. 

 
Excess RDP can have negative consequences on animal performance and the environment.  

Ammonia-N appearing in the rumen may be absorbed across the rumen wall, captured in the 
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blood, transported to the liver and detoxified to urea.  There is an energetic cost to the host to 
detoxify and excrete this excess urea (Cannas, 2002).  Excess RDP reduces embryo quality in 
sheep, possibly related to ovarian steroid concentrations affecting embryo development and 
transport (Berardinelli et al., 2001; Fahey et al., 2001).  While 10 to 80% of urea (reported 58% 
in sheep; Lobley et al., 2000) is recycled back to the rumen through saliva or blood, the excess is 
excreted via urine (Clark et al., 1992; Castillo et al., 2001).  Urinary urea readily volatilizes and 
contributes to environmental pollutants such as atmospheric ammonia and fine particulate matter.   
 
Rumen Undegradable Protein 
 

Rumen undegradable protein (RUP) bypasses rumen degradation and reaches the small 
intestine unaltered.  Since this protein source does not rely on rumen fermentation, feeding 
dietary RUP can increase the flow of AA above MCP supply.  However, intestinal absorption of 
these proteins depends on their post-ruminal digestibility, which varies between and among 
protein sources.  In an evaluation of various animal feed products, Stern et al. (1997) reported 
that intestinal absorption of RUP sources ranged from 22 to 67%.  Santos et al. (1998) reported 
that while RUP supplementation increased the flow of essential amino acids to the small 
intestine, the flow of the first limiting AA were not consistently increased.  Therefore, both 
source and quality of protein must be considered when evaluating results from trials with RUP 
supplementation and may explain the inconsistent effects of RUP on milk production in 
published literature. 

 
Heat treatment of soybean meal (SBM) is an effective way to decrease rumen degradability 

(Broderick, 1986), with higher temperatures and longer holding time decreasing rumen 
degradability (Faldet et al., 1991).  Expeller SBM (ExSBM) is created by a process of heat- 
treating SBM to high temperature (> 160°C).  Broderick (1986) reported that ExSBM increased 
RUP by 64% compared to solvent SBM, resulting in decreased rumen ammonia and blood urea 
levels for cows fed ExSBM.  Other trials report that supplementation with RUP from ExSBM 
increased the flow of non-ammonia, non-microbial N to the small intestine and increased milk 
production by 7 (Cunningham et al., 1996) to 10% (Broderick et al., 2002).  When alfalfa silage 
(high in RDP) was the primary forage source, ExSBM increased milk yield by 3% compared to 
solvent SBM (Broderick et al., 1990) and increased N efficiency by 4% (Titgemeyer and Shirley, 
1997). 

 
There is no specific requirement for RUP in lactating ewe diets.  The NRC (2007) guidelines 

present dietary recommendations for diets containing 20 to 60% RUP as a % of crude protein 
(CP).  For a 100 kg dairy ewe producing 2.37 to 3.97 kg milk/day, as RUP increases from 20% 
of CP to 60% of CP, dietary CP requirements decrease from 17% to 15.5% of DM. 
 
RUP Feeding Trials 
 

In dairy sheep, there is an established milk yield response to increasing dietary CP. In mid-
lactation ewes fed diets with CP ranging from 14 to 21%, milk production reached a plateau with 
the diet containing 18.8% CP, regardless of dietary energy level (Cannas et al., 1998).  Purroy 
and Jaime (1995) also report a 14% increase in milk production and no effect on milk protein 
percentage with dietary CP increasing from 13 to 16%, regardless of protein source.  Gonzalez et 
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al. (1984) fed diets containing 12.8, 15.5 and 18.6 % CP and three levels of energy.  In ewes fed 
the highest energy level, milk (+23%) and milk protein (+9%) yield increased linearly with 
increasing dietary CP.  However, many trials provide no indication of protein degradability of 
the diets, making isolation of the effect of RUP difficult to determine. 

 
Among the trials conducted on lactating sheep, many include non-dairy breeds, which have 

lower potential for milk production and lower protein requirements than dairy ewes.  In addition, 
many trials were conducted using milk production and milk measurement techniques which may 
compromise the potential for peak milk production.  Considering trials from dairy and non-dairy 
sheep breeds, five of eight trials reported increased milk yield due to protein source. Among 
these trials, there are none conducted on dairy ewes machine milked from lambing, the common 
management technique for dairy ewes in North America.  However, considering only trials with 
hand milking from lambing or oxytocin-induced milk yield from ewes suckling lambs, five of 
seven trials report increased milk yield with RUP supplementation.   

 
Fish meal (FM) is the most common source of RUP in these trials.  Trials reported an 

increase in 13 to 27% when supplementing FM and blood meal compared to soybean meal 
(SBM), ground nut meal (GNM), and meat and bone meal (Robinson et al., 1979; Loerch at al., 
1984).  Robinson et al. (1979) reported that milk yield responded within 3 days to FM 
withdrawal or reintroduction in ewes in early lactation (week 2 to 5).  In most of the trials 
reporting milk composition, milk protein percentage was not affected by protein source.  
However, due to increased milk yield, milk protein yield did increase.  Of the trials reviewed, 
only Robinson et al. (1979) reported increased milk protein percentage from the feeding of RUP 
sources (7.9, 7.4 and 7.5% increased protein with the FM, SBM and GNM diets, respectively). 
 
Grazing Dairy Ewes 
 

The majority of dairy sheep production in North America is based in areas well suited to 
pasture production, such as southeastern Canada, the Upper Midwest and New England.  During 
the grazing season, sheep milk producers utilize improved pasture as the primary source of 
forage and provide supplemental grain (generally corn) in the parlor.   

 
While temperate grass or mixed grass-legume pastures may be high in CP, this protein source 

is also highly degradable (>70%; Bargo et al., 2003).  Fresh grass and legume forages contain the 
highest and most variable non-protein N (30 to 65%; Schwab, 2003) compared to silages (15 to 
25%; NRC, 2001) and greater RDP than hay (Broderick et al., 1992; Messman et al., 1994).  
Hongerholt and Muller (1998) found an average of 84% protein degradability in cows grazing 
primarily orchardgrass and Kentucky bluegrass pastures.  Extensive rumen proteolysis may lead 
to the formation of ammonia in excess of microbial utilization (Beever et al., 1986).  These 
ruminal N losses may lead to a shortage of absorbable AA in the small intestine.  Therefore, 
RUP supplementation may be particularly relevant to grazing, lactating livestock. 

   
Trials in dairy cattle with supplementing RUP offer mixed results.  In dairy cattle grazing 

grass pastures, supplementing RUP from an animal protein blend (meat and bone meal, blood 
meal, feather meal, poultry by-product and FM) had no effect on milk yield, but did increase 
milk protein production by 8% in multiparous cows (Hongerholt and Muller 1998).  However, in 
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situ measurements indicated that the RUP treatments only differed by 1.4% RUP, which may 
have been too close to elicit a milk yield response. 

 
In high yielding, multiparous cows grazing mixed grass-legume pastures, blood meal 

increased milk yield by 17% and milk protein yield by 14% compared to cows supplemented 
with SBM (Schor and Gagliostro, 2001).  Supplements were isonitrogenous, but CP 
degradability was 52% for blood meal and 92% for SBM.  Blood meal increased RUP (% of CP) 
from 33.4 to 45.3 in these 16% CP diets and reduced rumen ammonia production by 16%.  In 
another trial, early lactation dairy cattle grazing mixed-alfalfa based pastures, FM increased milk 
yield by 6% and milk protein yield by 11% compared to sunflower meal diets (Schroeder and 
Gagliostro, 2000). 
 
Nitrogen Excretion 
 

Fecal Nitrogen. Fecal N is comprised of MCP, undigested feed N, and endogenous N.  
These N forms vary in their utilization by plants in the soil.  Organic forms of N, such as 
endogenous and MCP, readily contribute to crop N and may be available for plant uptake within 
the first year.  However, undigested feed N mineralizes slowly in the soil, making it relatively 
unavailable in the short term (Powell et al., 1999).   

 
Urinary Nitrogen.  Ammonia not utilized for MCP is absorbed across the rumen wall or any 

other part of the gastrointestinal tract through passive diffusion.  The liver removes this toxic 
ammonia from the blood and detoxifies it to urea, which is primarily excreted via kidneys in 
urine.  However, depending on intake, diet composition and production requirements, 19 to 95% 
of the urea may be recycled to the gut via blood and 15 to 94% may be recycled to the rumen via 
saliva.  Urea capture and recycling is an important feature of ruminant metabolism.  When faced 
with low protein diets, sheep can utilize 85 to 90% of recycled urea-N for microbial growth in 
the rumen.  However, when dietary CP increases (above 14%), less than 50% of recycled urea-N 
is utilized for microbial growth. 

   
Urine is the primary excretion route for excess N.  In 40 kg (88 lb.) wethers grazing grass 

pasture at maintenance levels, they consumed 14.5 kg of N intake, and 26% was excreted in 
feces, 70% was excreted in urine, and 3% was retained (Barrow and Lambourne, 1962).  Sheep 
urine reportedly contains 0.08 to 2.44% N (Street et al., 1964) and is distributed in the form of 
urea, creatinine, purine derivatives, free amino acids and ammonia.  Urea can represent up to 
75% of this N pool.   The urease enzyme produced by fecal and soil bacteria converts urea to 
ammonia, which may be lost to the environment through volatilization.  A reduction in urinary N 
has the potential to minimize the environmental impact of livestock production. 

 
The most effective way to decrease urinary N is to decrease protein intake.  Increasing 

dietary CP consistently increases urea levels, as measured in blood, milk or urine. Sevi et al., 
(2006) reported that ewes consuming 16% CP diets excreted more feces, fecal N, total water, 
urinary N than ewes consuming 13% CP diets.  In this indoor feeding trial, pens were cleaned in 
the same manner, but pens of ewes on high CP diets had higher somatic cell counts (SCC) and 
total coliform colony forming units. Thus, similar to dairy cattle, reducing urinary N excretion is 
a promising means of controlling and reducing N excretion (Tamminga, 1992). 
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Milk Nitrogen.  Nitrogen in milk is distributed between true proteins (casein, whey) and non-

protein N.  The true protein content of milk is of particular importance to dairy sheep producers, 
as sheep milk is almost exclusively made into cheese.  Milk protein contributes more to cheese 
yield than milk fat.  However, modification of milk protein content of milk is difficult to achieve 
through nutritional manipulation (Pulina et al., 2006).  Therefore, increasing N capture in milk 
protein may be dependent upon increasing milk production without affecting milk component 
concentrations. 

 
Milk protein is derived from blood AA and synthesized in the secretory cells of the 

mammary gland.  These AA are supplied by dietary RUP, post-ruminal degradation of MCP, 
transamination of AA in the liver, and mobilization of tissue protein.  Post-ruminal MCP supply 
is influenced by energy supply to the rumen, supporting the positive relationship between milk 
protein and dietary energy in early lactation (Pulina et al., 2006). 

 
Milk Urea Nitrogen.  In addition to excretion via urine, blood urea may diffuse across cells 

in the mammary gland and equilibrate in milk (Baker at al., 1995; Jelinek et al., 1996).  Milk 
urea N (MUN) does not contribute to the true protein fraction of milk, and its concentration 
serves as an indicator of N lost via urine (Kohn et al., 2005).  Research indicates that MUN may 
also be used as an indicator of CP intake in dairy sheep (Cannas et al., 1998). Cannas (2002) 
recommend MUN levels for dairy ewes of 13 to 21 mg/dl.  Low MUN can indicate insufficient 
dietary protein.  High MUN levels indicate excess protein feeding and urea excretion. 
 
Nitrogen Efficiency 
 

With regard to milk N production, gross N efficiency may be calculated as: 
 N efficiency = 100 x (milk N / feed N) 
 where: milk N = (g milk protein/day) / 6.38  
             feed N = (g feed crude protein/day) / 6.25 
 

In dairy cattle, reported gross N efficiencies range from 26.2 to 33.8% (Wattiaux and Karg, 
2004).  However, N efficiency in dairy sheep ranged from 12 to 15% (Mikolayunas-Sandrock et 
al., 2009).  One reason for lower N efficiency in sheep is that the efficiency of conversion of 
metabolizable protein to milk protein is lower in sheep than in dairy cattle, 0.58 vs. 0.67 (NRC, 
2007).  In addition, the intense genetic selection of dairy cattle for increased milk yield may have 
increased efficiency of N utilization of dairy cattle beyond the current genetic potential of dairy 
ewes.  As an example, the energy requirement for lactation in dairy cattle may reach four times 
the energy requirement for maintenance while the energy requirement for lactation in dairy sheep 
is equal to the energy requirement for maintenance.   

 
Strategies to improve N efficiency in lactating animals include improving milk yield 

(Mikolayunas-Sandrock et al., 2009; Jonker et al., 2002), feeding diets close to the animal’s 
nutritional requirements (Jonker et al, 2002), and altering dietary forage source (Dhiman and 
Satter, 1997; Wattiaux and Karg, 2004).  Genetic improvement is one way to increase milk 
production.  In the United States, dairy sheep production is based primarily on two breeds, the 
East Friesian and the Lacaune.  Due to restrictions on importation from Canada and Europe, no 
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new genetic lines have been imported into the United States since 2002.  East Friesian genetics 
in North America are comprised of approximately 14 genetic lines (Berger, 2009) and the 
Lacaune are limited to 6 lines in the United States.  There also is no organized genetic 
improvement program for dairy sheep in North America so progress from selection is non-
existent or very slow. Regarding forage source, replacing alfalfa silage with corn silage 
improved N efficiency in dairy cattle (Nagel and Broderick, 1992), due to the high levels of RDP 
in alfalfa silage compared to corn silage.  However, due to concerns of listeriosis, corn silage is 
not generally fed to sheep.  Another option to improve N efficiency is to feed ewes close to their 
nutritional requirements. 
 

INDOOR TRIAL: DRIED FEEDS 
 

Methods and Materials 
 

Ewes. All of the reported trials were conducted at the Spooner Agricultural Research Station 
of the University of Wisconsin-Madison and all procedures were approved by the Animal Care 
and Use Committee of the College of Agricultural and Life Sciences.  Eighteen third-lactation 
dairy ewes averaging 109 days in milk (DIM)  (standard deviation = 6 days) were fed a mixture 
of the three experimental diets for 10 d before the start of the trial.  At the evening milking of 
day 10 and the morning milking of day 11, individual ewe milk yield was recorded, and 24-hr 
milk yield was calculated. On the basis of this milk yield, ewes were divided into low and high 
milk yield blocks (LM : 1.58 ± 0.62 kg/day, n=9; HM : 2.49 ± 0.60 kg/day, n=9, respectively) and 
randomly assigned within block to pens of 3 ewes each.  Within each block, pens were randomly 
assigned to one of three dietary treatments.  Dietary treatment sequences were balanced for 
carryover and applied to pens for 14 days in two 3 x 3 Latin squares.  Ewes were milked twice 
per day (0530 and 1700 h) and had access to water and a free-choice mineral-salt mixture.  Ewes 
were weighed and body condition scored daily during the final 4 days of each treatment period (1 
= very thin, 5 = very fat; Boundy, 1982). 

 
Milk yield was measured during the final 4 milkings (2 days) of each treatment period using 

a graduated Waikato Goat Meter (Waikato Milking Systems NZ Ltd., Hamilton, NZ).  Milk fat 
and protein percentage were determined on samples containing proportional amounts of morning 
and evening milk on the final 2 days of each period using a CombiFoss 5000 (Foss Electric, 
Hillerod, Denmark; AgSource Milk Labs, Menomonie, WI).  Milk fat yield and protein yield 
were calculated for each ewe from daily milk yield and fat and protein percentages.  A pen milk 
sample was compiled from proportional amounts of milk from each ewe and was analyzed for 
MUN using a Foss FT6000 (Foss Electric, Hillerod Denmark; AgSource Milk Labs, 
Menomonie, WI). 

 
Dietary Treatments. Three dietary treatments were formulated to provide varying 

concentrations of rumen-degradable protein (RDP) and rumen-undegradable protein (RUP); 
12% RDP and 6% RUP (12-6), 14% RDP and 4% RUP (14-4), 12% RDP and 4% RUP (12-4) 
(% of DM) and similar metabolizable energy (2.41, 2.45, and 2.39 Mcal/kg, respectively).  Diets 
were initially formulated based on NRC (2007), and protein degradability was evaluated based 
on in situ degradation in a dairy cow.  After the trial was conducted, N fractions in feeds and orts 
were analyzed for the Cornell N fractions. 
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Based on the Small Ruminant Nutrition System (SRNS, 2008) model, the estimated 
concentrations of RDP and RUP actually offered by the 12-6, 14-4 and 12-4 treatments were 
greater than the calculated diets (Table 2).  If the SRNS (2008) model estimations are correct, the 
diets offered provided 1.4 to 1.7 percentage units less RDP (average of 1.5 percentage units 
lower), 2.6 to 3.7 percentage units more RUP (average of 3.3 percentage units greater) and 
approximately 2.3 percentage units more total protein than the diets were designed to provide. 
However, the differences in percentage RDP and RUP between the offered diets and the 
formulated diets were similar.   The final composition of the diets is presented in Table 1. 
 
Table 1.  Composition of the diets (% of diet DM) fed to lactating ewes.  
 Diets1 
Ingredient 12-6 14-4 12-4 
Alfalfa-timothy hay, cubed 54.3 59.7 62.5 
Corn, whole 5.7 - 3.1 
Oats, whole - 4.5 - 
Soybean meal, expeller2 4.3 - - 
Pellet    
     Beet pulp 5.7 - 7.8 
     Corn, ground 8.6 7.5 9.4 
     Soybean meal, dehulled 5.7 16.4 9.4 
     Soy hulls 5.7 11.9 7.8 
     Soybean meal, expeller  10.0 - - 
Protein Degradability3    
     RDP 10.6 12.3 10.6 
     RUP 9.7 7.6 6.6 

112-6 = 12% RDP and 6% RUP, 14-4 = 14% RDP and 4% RUP, and 12-4 = 12% RDP and 4% RUP. 
2SoyPLUS, West Central Soy, Ralston, IA. 
3 Based on diet evaluation by Small Ruminant Nutrition System (2008) model. 
 

Pens were fed ad libitum to allow 5% refusals.  This low level of refusals was chosen 
because the physical form of the diets resulted in sorting among the pellet, grain, and cube 
components of the diets.  The calculated percentage of RUP and RDP in the dietary treatments 
assumed consumption of the total diet, and with a low level of refusals, each pen was forced to 
consume as close to the total mixed diet as possible. Refusals were predominantly alfalfa-
timothy cubes.  During the final 4 days of each treatment period, orts were weighed and 
compiled by pen and used to calculate pen intake. 

 
Individual feeds and orts were sampled from each period.  All samples were stored at -20º C 

and ground to pass through a 1-mm screen in a Wiley mill before analysis.  Dry matter was 
determined by drying samples overnight at 100º C in a forced-air oven.  Neutral detergent fiber 
was determined using sodium sulfite and � -amylase (Sigma no. A3306, Sigma Chemical Co., St. 
Louis, MO) in the Ankom200 fiber analyzer (Ankom Technology, Macedon, NY) and was 
corrected for ash concentration according to Van Soest et al. (1991).  Non-sequential acid 
detergent fiber was determined using the method of Goering and Van Soest (1970), adapted for 
the Ankom200.  Total N and Cornell N fractions were analyzed according to Licitra et al. (1996).  
Cornell N fractions include non-protein N (A), true protein with decreasing solubility (B1, B2, 
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B3) and N insoluble in acid detergent that is assumed to be indigestible (C).  Ether extract was 
analyzed according to AOAC method 920.39 (AOAC, 1997; Dairyland Laboratories, Arcadia, 
WI).  Non-fiber carbohydrates were calculated based on the equation NFC = 100 - CP - aNDF - 
ash - ether extract + NDICP. 

 
Statistical Analyses. Data were analyzed as two 3 x 3 Latin squares with pen as the 

experimental unit.  Individual ewe measures of milk, fat, and protein yield, percentage fat and 
protein, MUN, BW change from the previous period, and BCS at the end of the period were 
averaged by pen prior to statistical analysis.  Intake of diet DM and nutrient DM and nitrogen 
efficiency (milk protein N / protein N intake) were measured by pen.  Pen means and pen 
measurements were analyzed using the MIXED procedure of SAS (Version 9.1, SAS Institute 
Inc, Cary, NC).  The model included square (i.e. milk production level), treatment, 
period*square, treatment*square, and the random effect of pen within square.  Least squares 
means and standard errors of the mean are reported for each trait.  Significant differences 
between least squares means were declared at P < 0.05 unless otherwise noted and tendencies 
were considered at 0.05 < P < 0.10.  Differences between least squares means were calculated 
using a Tukey-Kramer adjustment for multiple comparisons of means. 
 
Results 
 

For all traits, there was no statistically significant interaction of square*dietary treatment, 
therefore only least squares means for the main effect of milk production level and dietary 
treatment are reported. 

 
Dry Matter and Nutrient Intake.  The dry matter intake (DMI) and calculated nutrient 

intakes are presented in Table 2.  The higher milk producing ewes consumed more (P < 0.05) 
DM and nutritional components than LM ewes, suggesting that intake was regulated by energetic 
demands for milk production.  The ability of dairy ewes to adjust their DMI to meet their 
energetic needs also has been reported by Cannas et al. (1998); ewes on low NEL diets increased 
DMI to achieve the same intake of NEL as ewes on high NEL diets.  There were no differences in 
DMI among protein degradability treatments. 

 
Neutral detergent fiber intake in the 12-6, 14-4, and 12-4 treatments was 34, 37, and 37% of 

DMI, respectively, and within the range of 28 to 38% recommended by Cannas (2002).  Non-
fiber carbohydrate intake was lower (P < 0.01) in 14-4 compared to the 12-6 and 12-4 
treatments.  However, the concentration of net energy of lactation (NEL) in the diet consumed, as 
calculated from the SRNS (2008), was similar across milk production levels and dietary 
treatments (Table 3).  These NEL values were within the range fed by Cannas et al. (1998) in an 
evaluation of high and low energy diets for dairy ewes (1.55 vs. 1.65 Mcal/kg). 

 
The CP concentrations of the consumed diets (20.6, 20.5 and 17.8% of DM) were greater 

than the formulated dietary CP levels (18, 18, and 16%, respectively), but the target difference in 
% CP was achieved.  Analysis of the N fractions in feed consumed, measured by difference of N 
fractions in feed offered and orts (Licitra et al., 1996), indicate the relative degradability of the 
intake protein (Table 2).  The HM ewes consumed greater (P < 0.05) amounts of protein 
fractions B2 and B3 and tended to consume greater (P = 0.0503) amounts of fraction A than LM 
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ewes.  Among dietary treatments, there were no significant differences in intake of the highly 
soluble protein fraction A.  Ewes on the 14-4 treatment consumed more (P < 0.01) of the highly 
rumen-degradable protein fraction B1 than did ewes on the other two treatments.  Intake of 
protein fraction B2 was lower (P < 0.01) in 12-4 compared to 12-6 and 14-4.  Ewes fed treatment 
12-6 consumed more (P < 0.01) of the B3 protein fraction, which makes a greater contribution to 
RUP, than did ewes fed the other two treatments.  There was no difference in the intake of 
protein fraction C.  Based on these N analyses, the relative difference in protein degradability of 
the diets was achieved; 12-6 supplied more RUP than 14-4 and 12-4, and 14-4 supplied more 
RDP than 12-6 and 12-4. 

 
Table 2. Dry matter and nutrient intake of lactating dairy ewes. 

 Milk production 
level 

 Dietary treatment 

Intake, 
kg/pen/d 

LM 1 HM2 SEM  12-63 14-44 12-45 SEM 

DMI 8.67d 10.7
8c 

0.39  9.86 9.66 9.67 0.29 

aNDF 3.07d 3.87c 0.16  3.33 3.54 3.53 0.12 
NFC 3.24d 4.02c 0.17  3.82c 3.40d 3.71c 0.12 
CP 1.71d 2.11c 0.07  2.03a 1.98a 1.72b 0.03 
EE 0.18d 0.23c 0.01  0.23 0.20 0.19 0.01 
NEL

6, Mcal/kg 1.60 1.59   1.62 1.57 1.60  
Protein Fractions7  
  A 0.23 0.28 0.01  0.25 0.25 0.27 0.01 
  B1 0.16 0.19 0.01  0.14b 0.25a 0.13b 0.01 
  B2 1.12d 1.35c 0.08  1.36c 1.28cd 1.06d 0.10 
  B3 0.15d 0.20c 0.01  0.22a 0.14b 0.16b 0.01 
  C 0.07 0.11 0.03  0.07 0.07 0.12 0.03 

1 Low milk yield (1.58 ± 0.62 kg/d at the start of the trial, n=9). 
2 High milk yield (2.49 ± 0.60 kg/d at the start of the trial, n=9). 
3 12% RDP, 6% RUP. 
4 14% RDP, 4% RUP. 

5 12% RDP, 4% RUP. 
6 Based on diet evaluation by Small Ruminant Nutrition System (2008) model. 
7 Protein fractions: A = non-protein N, B1 = buffer-soluble true protein, B2 = buffer-insoluble 
protein, B3 = neutral detergent insoluble protein – acid detergent insoluble protein, and C = acid 
detergent insoluble protein. 
a,b Means within milk production or dietary treatment with different superscripts differ at P < 
0.01. 
c,d Means within milk production or dietary treatment with different superscripts differ at P < 
0.05. 

 
Milk Production and Composition. The effect of initial milk production level and dietary 

treatment on lactation traits and BW and BCS is presented in Table 3. The highest RUP diet (12-
6) increased (P < 0.01) milk yield of 14% compared to the low RUP diets (14-4 and 12-4; 2.05 
vs. 1.80 and 1.79 kg/day, respectively).  The benefit of supplemental RUP in this trial is likely 
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the increased flow of AA to the small intestine.  In this trial, RUP from expeller soybean meal, a 
protein source high in Lys but low in Met, also increased milk yield. 

 
There was no effect of additional RDP (14-4 vs. 12-4) on milk yield (Table 3).  All diets 

contained RDP levels above the 8.6% degraded intake protein requirement indicated by NRC 
(2007), and NFC levels were greater than the minimum 28% recommended by Cannas (2002).  
Since microbial growth should not have been limited, additional RDP provided by the 14-4 diet 
was likely excreted in feces and urine, providing no additional AA to in the small intestine. 
 
Table 3. Effect of initial milk production level and dietary treatment on production traits of dairy 
ewes. 

 Milk production level  Dietary treatment 

 LM1 HM2 SEM  12-63 14-44 12-45 SEM 

Milk, kg/d 1.53b 2.23a 0.10  2.05a 1.80b 1.79b 0.07 
Fat, % 6.17 6.29 0.33  6.13 6.37 6.18 0.25 

Fat, g/d 91.2b 137.8a 4.3  124.5c 111.1cd 108.0d 4.0 

Protein, % 4.71 4.89 0.19  4.74 4.95 4.80 0.14 

Protein, g/d 69.9b 108.6a 4.1  96.7a 85.9b 85.1b 3.1 

MUN, mg/dl 24.87 26.57 1.88  26.33cd 27.39c 23.43d 1.41 

N efficiency, %6 12.09d 15.08c 0.60  13.86c 12.54d 14.36c 0.45 

BW change, kg -0.37 -0.31 0.36  -0.93 -0.08 0.0 0.38 

BCS 2.98 2.84 0.19  2.93 2.97 2.83 0.14 
1 Low milk yield (1.58 ± 0.62 kg/d at the start of the trial, n=9). 
2 High milk yield (2.49 ± 0.60 kg/d at the start of the trial, n=9). 
3 12% RDP, 6% RUP. 
4 14% RDP, 4% RUP. 

5 12% RDP, 4% RUP. 
6 Calculated as milk N / feed N, where milk N = (g milk protein/pen/d) / 6.38 and feed N = (g 
feed crude protein/pen/d) / 6.25 * 100.   
a,b Means within milk production or dietary treatment with different superscripts differ at P < 
0.01. 
c,d Means within milk production or dietary treatment with different superscripts differ at P < 
0.05. 
 

There was no significant effect of milk production level or dietary treatment on milk fat 
percentage.  High milk yielding ewes produced more (P < 0.01) milk fat than LM ewes (Table 
3).  Compared to the 12-4 diet, supplemental RUP (12-6) increased (P = 0.04) milk fat yield by 
15%.  However, in the dairy cattle trials reporting a milk yield response to RUP, there was no 
effect of RUP on milk fat concentration or milk fat yield (Cunningham et al., 1996; Broderick et 
al., 2002).  Compared to 12-4, supplemental RDP (14-4) also tended to increase (P = 0.08) milk 
fat yield. 
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There was no significant effect of milk production level or dietary treatment on milk protein 
percentage.  The high milk yielding ewes produced more (P < 0.01) milk protein than LM ewes.  
Compared to the 12-4 and 14-4 treatments, ewes consuming the 12-6 diet produced 14 and 13% 
more (P < 0.01) milk protein, respectively.  Previous authors have reported trends towards 
increased milk protein yield in response to RUP supplementation in sheep and cattle (Robinson 
et al., 1979; Broderick et al., 2002). 
 

Nitrogen Efficiency. Gross N efficiency was calculated as 100* (milk N / feed N), where 
milk N = (g milk protein/pen/d) / 6.38 and feed N = (g feed crude protein/pen/d) / 6.25.  In this 
trial, N efficiency ranged from 12.09 to 15.08% (Table 3).  High milk yielding ewes were 25% 
more (P = 0.02) efficient than LM at converting intake protein N to milk protein N.  Ewes in LM 
and HM were similar BW and would have similar N maintenance requirements.  Therefore, at 
similar levels of N intake HM had greater partial efficiency for milk production compared to LM 
ewes.  Among dietary treatments, ewes consuming the14-4 diet had 11 and 15% lower (P < 0.05) 
N efficiency than ewes consuming the 12-6 and 12-4 diets, respectively.  The 12-6 and 12-4 diets 
resulted in a similar N efficiency, but the 12-6 diet produced more milk, milk fat, and milk 
protein compared to 12-4, supporting supplementation of RUP to increase milk yield per ewe.    

 
Milk Urea Nitrogen . There was no difference between MUN levels of the high CP diets (12-

6 and 14-4).  However, the MUN of 12-4 was lower (P < 0.05) than 12-6 and tended (P = 0.053) 
to be lower than the 14-4 treatment.  These results suggest that milk urea levels in this study 
were more related to CP intake than to the degradability of the protein.  While the 12-6 diet 
resulted in the capture of more intake protein in milk protein compared to the 14-4 diet, the 
MUN data suggest that both of these treatments provided excess total dietary protein.  

 
FRESH FORAGE TRIALS: CUT AND CARRY AND GRAZING 

 
Materials and Methods 
 

Cut and Carry Trial.  In June 2008, sixteen third-lactation dairy ewes in mid-lactation (104 
DIM; SD = 8) with similar milk production (2.37 kg/d; SD = 0.22) were randomly assigned to 
eight pens of two ewes each.  Pens were randomly assigned to one of two supplementation 
treatments, receiving either 0 (NS) or 0.3 kg/day Soy Pass (Borregaard LignoTech, LignoTech 
USA Inc., Rothschild, WI; S), a chemically derived source of RUP.  Within each 
supplementation treatment, pens were assigned to one of four forage treatments.  Dietary forage 
treatments were balanced for carryover and applied to pens for 10-day periods in a 4 x 4 Latin 
Square.  All ewes were milked twice per day (0530 and 1700 h) and had access to water and a 
free choice mineral-salt mixture.  All ewes received 0.4 kg DM/day of an equal mixture of whole 
corn and soy hulls in the milking parlor at each milking. 

 
Forage treatments were composed of the following proportions of dry matter from 

orchardgrass (Dactylis glomerata L.) and alfalfa (Medicago sativa): 25% orchardgrass and 75% 
alfalfa (25:75), 50% orchardgrass and 50% alfalfa (50:50), 75% orchardgrass and 25% alfalfa 
(75:25), and 100% orchardgrass (100:0).  All pens were fed 50:50 for a 5 day adaptation period 
before the trial began.  Forages were clipped daily at 0600 h at a height of 5 cm above the soil 
surface using a walk behind, sickle bar mower (Jari Products Inc, Minneapolis, MN).  Clipped 
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forages were fed to ewes at 0800 and stored at 7 ºC until feeding again at 1100 and 1800 h.  
Multiple feedings per day were designed to imitate the grazing behavior of ewes.  Forage DM 
was determined on day 2 and 7 of each experimental period by drying forages in 37º C forced-air 
oven until they reached a constant weight.  As-fed forage amounts were calculated based on 
these DM determinations.  Pens were fed ad libitum to allow 5% refusals.  Forages were clipped 
to maintain similar stages of development. 

 
Grazing Trial . In July 2009, twelve third-lactation dairy ewes in mid-lactation (126 DIM; 

SD = 6) with similar milk production (2.32 kg/d; SD = 0.16) were randomly assigned to 
supplementation treatments, receiving either 0 (NS) or 0.3 kg/day of SoyPLUS (West Central 
Soy, Ralston, Iowa; S), a modified expeller source of RUP.  Within each supplementation 
treatment, groups of 2 ewes each were assigned to one of three forage treatments.  Dietary forage 
treatments were balanced for carryover effects and applied to ewes for 10-day periods in a 3 x 3 
Latin Square.  All ewes were milked twice per day (0700 and 1900 h) and had access to water 
and a free choice mineral-salt mixture.  All ewes received 0.4 kg DM/day of an equal mixture of 
whole corn and soy hulls in the milking parlor at each milking. 

 
Forage treatments were composed of paddocks containing the following proportions of 

orchardgrass (Dactylis glomerata L.) and alfalfa (Medicago sativa) surface area: 50% 
orchardgrass and 50% alfalfa (50:50), 75% orchardgrass and 25% alfalfa (75:25), and 100% 
orchardgrass (100:0).  Forages were planted in monoculture strips and clipped to a height of 7.5 
cm to allow 20 d of regrowth at the start of each period.  No plot was grazed more than once and 
the maximum age of forage regrowth was 30 d.  Paddocks were created using a combination of 
portable electric and wooden fencing.  Ewes were given fresh forage daily and paddock size was 
based on the relative residual from the previous day. 

 
Sample Collection, Analysis and Calculations. In both trials, individual ewe milk yield was 

measured during the final 4 milkings (2 days) of each treatment period using a graduated 
Waikato Goat Meter (Waikato Milking Systems NZ Ltd., Hamilton, NZ).  Individual milk 
samples were analyzed for fat, protein and MUN.  Milk fat and protein were measured using a 
CombiFoss 5000 (Foss Electric, Hillerod, Denmark; AgSource Milk Labs, Menomonie, WI) and 
MUN was analyzed using a Foss FT6000 (Foss Electric, Hillerod Denmark; AgSource Milk 
Labs, Menomonie, WI).  Milk fat yield and protein yield were calculated for each ewe from daily 
milk yield and fat and protein percentages.  In both trials, ewes were weighed during the final 2 
days of each treatment period and BW change was calculated as initial BW minus final BW. 

 
In both trials, all feeds were sampled and orts were sub-sampled on the final 2 days of each 

experimental period.  All samples were analyzed according to methods mentioned in the 
previous trial. 

 
Statistical Analyses. For the cut and carry trial, data was analyzed as two 4 x 4 Latin 

Squares with pen as the experimental unit, supplement as the square and forage composition as 
the treatment.  Milk production, milk component yield, and nitrogen efficiency (milk N/ N 
intake) for each ewe was averaged across pen.  Milk production and milk composition means, 
pen DMI, intake of feed components, and MUN were analyzed using the MIXED procedure of 
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SAS (Version 9.1, SAS Institute Inc, Cary, NC).  For all measures, the model included square, 
treatment, period*square, and treatment*square, and the random effect of pen (square).  

 
For the grazing trial, data was analyzed as two 3 x 3 Latin Squares with each pair of ewes as 

the experimental unit, supplement as the square and forage composition as the treatment.  Milk 
production, milk component yield, and MUN values were averaged across pairs of ewes.  Means 
were analyzed using the MIXED procedure of SAS (Version 9.1, SAS Institute Inc, Cary, NC).  
For all measures, the model included square, treatment, square*treatment and the random effect 
of pair of ewes (square).  For both trials, all values presented are least squares means and 
standard errors of the mean.  Significant differences between least squares means were declared 
at P < 0.05 unless otherwise noted and tendencies were considered at 0.05 < P < 0.10.  
Differences between least squares means were calculated using a Tukey-Kramer adjustment for 
multiple comparisons of means. 

 
Results 
 

Milk Production and Composition. While milk production and composition was completed 
for both trials, analyses of feed are only complete for the cut-and-carry trial.  The nutrient 
composition of feeds is presented in Table 4.  The CP content varied throughout the trial, but was 
lower for orchardgrass (10.8 to 15.2% CP) compared to the alfalfa (18.7 to 20.0% CP).  The 
NDF content of these forages was high in period 2, but lower for alfalfa compared to 
orchardgrass.  Based on the nutrient composition and intake, the intake of DM, CP and NDF is 
presented in Table 5. 
 
Table 4. Nutrient composition of feedstuffs fed during cut-and-carry trial.  
 Orchardgrass  Alfalfa   
 Period  Period   

Nutrient 1 2 3 4  1 2 3 4  

Corn 
and 
Soy 
hull 

 

Expeller 
SBM 
(Soy 
Pass) 

DM 27.5 17.4 25.1 21.1  15.6 15.3 25.9 25.6  89.0  88.6 
CP 10.8 11.8 9.0 15.2  20.0 19.7 19.1 18.7  9.8  45.8 
NDF 45.9 54.3 49.0 49.8  29.0 36.4 32.0 36.5  35.9  31.2 

  
While supplementation with 0.3 kg/day of Soy Pass had no effect on DMI, forage 

composition significantly affected DMI (Table 5).  Ewes consuming 100% orchardgrass 
consumed less (P < 0.05) than ewes fed 25:75 or 50:50 diets.  Consistent with dietary treatments, 
CP intake and CP intake as a % of DM were linearly related (P < 0.01) to orchardgrass content 
of the diet.  Ewes consuming Soy Pass had greater (P < 0.01) CP intake than ewes not 
supplemented with Soy Pass. The NDF content of the diet consumed was also linearly related to 
forage content: ewes offered more of the higher NDF forage (orchardgrass) consumed greater (P 
< 0.01) NDF than ewes consuming 25% orchardgrass.  The 50:50, 75:25 and 100:0 treatments 
consumed diets greater than 38% NDF, the level recommended by Cannas (2002). 

 
Milk yield and milk composition results from both fresh forage trials (cut-and-carry and 

grazing) are presented in Table 6.  For both trials, there was no interaction of RUP 
supplementation and forage composition.  Supplementing ewes with RUP increased milk 
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production by 9 to 10%, representing a numerical increase of 0.16 and 0.17 kg/day, but this 
increase was only significant in the cut-and-carry trial.  The effect of RUP may not have been 
statistically detectable in the grazing trial due to the experimental design, which gave more 
power to detecting an effect of forage composition than RUP supplementation.   

 
Table 5.  Nutrient intake of dairy ewes in cut-and-carry trial. 
 Soy Pass Supplement1  Forage Composition2  P-value 
 NS S P<  100 75 50 25 P<  Forage-

Linear 
DMI, 
kg/pen/d 

5.64 5.54 n.s.  4.89e 5.50de 6.00d 5.97d 0.05  0.01 

CP intake, 
g/pen/d 

789.0 831.3 n.s.  584.7c 751.0b 913.9a 990.9a 0.01  0.01 

Intake (% 
of DM) 

           

CP 13.97b 14.97a 0.01  12.32d 13.78c 15.21b 16.57a 0.01  0.01 
NDF 42.06 40.04 n.s.  46.05c 42.59bc 39.37ab 36.20a 0.01  0.01 

1 Supplemented with 100 g/d SoyPass. 
2 Percentage of DM from Orchardgrass, remaining portion from Alfalfa. 
a,b,c Within a row and treatment, means with no superscript in common are different at P < 0.01. 
d,e,f Within a row and treatment, means with no superscript in common are different at P < 0.05. 

 
In both trials, there was a tendency for forage composition to affect milk yield (P = 0.053 in 

cut-and-carry and P < 0.10 in grazing).  Increasing dietary alfalfa from 100:0 to 50:50 increased 
milk production by 11 to 21%, representing a numerical increase of 0.2 to 0.32 kg/day.  In cut-
and-carry, there was no additional response in milk yield in 50:50 compared to 25:75.  However, 
both trials demonstrated a significant linear effect of forage composition on milk yield, 
emphasizing the importance of pasture quality in dairy sheep production. 

  
In comparing the two trials where ewes ate fresh forages, ewes in the cut-and-carry trial had 

greater MY which may be due to stage of lactation.  In addition, these ewes did not have 
energetic costs for grazing and were not affected by adverse weather.  In the grazing trial, ewes 
reduced grazing due to high temperatures and, during one sampling period, they were removed 
from pasture at 1200 h when temperatures reached above 90°F. 

  
Milk fat yield was not affected by RUP or forage composition.  The effect of RUP on milk 

protein yield was not significant in the cut-and-carry trial, but there was a trend towards 
increased milk protein yield with RUP supplementation in the grazing trial.  In this trial, RUP 
increased milk protein yield by 11%, which closely reflects the 10% increase in milk yield.  
These data indicate that there was no effect of RUP supplementation on milk protein percentage.  
An increased proportion of orchardgrass decreased (P < 0.05) milk protein yield in both trials.  In 
the cut-and-carry trial, increasing alfalfa in the diet up to 75% increased milk protein yield by 
15% or 12.8 g/d.  In the grazing trial, increasing alfalfa to 50% increased milk protein yield by 
25% or 19.7 g/d compared to the 100% orchardgrass diet. 

 
Milk urea N was greater (P < 0.05) in ewes consuming RUP in the cut-and-carry trial.  This 

reflects the difference in CP intake between these treatments, as seen in Table 6.  There was no 
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difference observed in the grazing trial, though the RUP treatment was numerically greater than 
the unsupplemented treatment.  Similar to milk protein yield, MUN increased linearly (P < 0.01) 
in relation to alfalfa content of the diet in both trials.  In the cut-and-carry trial, the MUN levels 
of 100:0 and 75:25 are lower than recommended by Cannas (2002) (14 to 21 mg/dl).  This 
supports the use of MUN as an indicator of CP intake from fresh forage.  In the grazing trial, 
MUN levels were higher than the cut-and-carry trial, which may be reflective of the CP content 
of forages actually selected and grazed by the ewes.  This will be evaluated once forage samples 
from this trial are analyzed. 

 
Table 6. Effect of RUP and forage composition on milk and component yield in dairy ewes. 

 RUP Supplement1  Forage Composition2  P < 
Cut and 
Carry  
(104 DIM) 

NS S P < 
 

100 75 50 25 P < 
 Forage  

-Linear 

Milk, kg/d 1.79h 1.95g 0.10  1.74g 1.85gh 1.94h 1.95h 0.10  0.01 
Fat, g/d 121.6 123.1 n.s.  117.1 121.9 124.0 126.6 n.s.  n.s. 
Protein, g/d 89.7 94.8 n.s.  85.4e 89.8de 95.6de 98.2d 0.05  0.01 
MUN, mg/dl 12.3e 15.1d 0.05  10.9f 12.7e 14.3e 16.8d 0.01  0.01 
N efficiency3 23.9 23.8 n.s.  30.4a 23.6b 21.2b 20.1b 0.01  0.01 
            
Grazing (126 
DIM) 

           

Milk, kg/d 1.65 1.82 n.s.  1.55 1.78 1.87 - 0.10  0.05 
Fat, g/d 104.9 114.9 n.s.  101.5 112.8 115.6 - n.s.  n.s. 
Protein, g/d 84.4 94.0 0.10  78.6d 90.6de 98.3e - 0.05  0.01 
MUN, mg/dl 18.1 19.8 n.s.  15.0 19.8 22.1 - 0.01  0.01 

1 Supplemented with 300 g/d Soy Pass in cut and carry, supplemented with 300g/d SoyPLUS in grazing trial. 
2 Percentage of DM from Orchardgrass, remaining portion from Alfalfa. 
3 Milk N (milk protein/6.38) g/pen/d / Feed N (feed crude protein/6.25) g/pen/d * 100. 
a,b,c Within a row and treatment, means with no superscript in common are different at P < 0.01. 
d,e,f Within a row and treatment, means with no superscript in common are different at P < 0.05. 
g,h Within a row and treatment, means with no superscript in common are different at P < 0.10. 
 

Nitrogen Efficiency. Gross N efficiency was calculated as 100*(milk N / feed N), where 
milk N = (g milk protein/pen/day) / 6.38 and feed N = (g feed crude protein/pen/day) / 6.25.  In 
the cut-and-carry trial, N efficiency ranged from 20.1 to 30.4% (Table 7).  While RUP did not 
affect N efficiency, there was a linear effect of forage composition.  Ewes consuming 100:0 were 
more efficient (P < 0.05) at capturing feed N in milk N, compared to all treatments containing 
alfalfa.  While 25:75 and 50:50 produced more milk, they also excreted more N in milk and 
urinary urea.  Similar to the previous trial, MUN is more reflective of dietary CP% than protein 
degradability. 
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Conclusions 
 

Across these three trials, supplementation of RUP increased milk and milk protein yield in 
low and high producing dairy ewes.  This effect is likely due to increased supply of AA to the 
small intestine and the mammary gland, which supports both milk and milk protein production.  
This is particularly relevant to dairy sheep producers, since the majority of sheep milk is 
processed into cheese and protein and fat yield are important in determining cheese yield. 

   
Forage composition, and resulting CP intake, also affected milk, milk protein yield, and N 

utilization.  Milk production increased as the proportion of alfalfa in the pasture increased to 
50%, but no benefit was observed above 50% of pasture composition. 

 
The excretion of urea, as indicated by MUN, was higher for ewes on high CP diets compared 

to ewes on low CP diets.  The MUN results indicate that MUN level closely reflects CP intake, 
regardless of protein degradability.  Gross N efficiency, or the capture of intake protein in milk 
protein, was greater in low RDP diets, including the 100% orchardgrass diet.   

 
Increased milk yield may be realized by supplementing RUP to grazing dairy ewes and 

maintaining mixed grass-legume pastures with at least 50% legume. 
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EXPERIENCES FEEDING CORN SILAGE TO DAIRY EWES 
 

Paul Haskins 
Member of Wisconsin Sheep Dairy Cooperative 

Swedish Mission Farm 
River Falls, Wisconsin 

 
Introduction  
 

In search of a more economical method of feeding dry and gestating ewes, we tried corn 
silage in 2008.  We have made nearly all our alfalfa into haylage for many years so we already 
had all the necessary equipment to feed silage (feed wagon and drive by feeders).  Corn silage 
seemed the ideal choice as we also needed a rotation crop with alfalfa.  The following is a 
summary of our costs and experiences concerning the performance of the ewes when corn silage 
is the major part of their ration.  

 
Costs/Methods 
 

Silage corn was no-till planted into standing alfalfa which had been fertilized heavily with 
manure in the preceding months.  Corn was chopped and ensiled using a rented 9 foot silage 
bagger at approximately 65% moisture. 
 
Input Costs 
 

Land rental (12 acres @ 150.00) $1800.00 
Manure hauling $400.00 
Corn planting and spraying $1450.00 
Bagger and bag $800.00 
Chopping $600.00 
 
Total inputs $5050.00 

 
Yields 
 

Wet silage yield was about 17 tons per acre or 6.1 dry tons per acre. The silage bag held 165 
wet tons or enough forage to feed 200 ewes for 5.5 months. 
 
Net Forage Costs 
 

Total inputs $5050.00 
Feeding costs $500.00 
Extra silage sold (standing) -$2000.00 
 
Total cost of corn silage $3550.00 
 
Total cost per dry ton $61.50 
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Realized Savings   
 

No supplemental corn was fed to 150 ewes or 40 ewe lambs during late gestation.  Also of 
note, but not depicted in the realized savings, is the fact that by feeding corn silage we essentially 
saved dairy quality haylage to feed during early lactation.  Corn silage gives us the feeding 
option to avoid “wasting” dairy quality haylage on gestating ewes because it is the only feed 
available.  The net result is less dairy quality hay purchased.   
 

Total cost savings versus dry hay (purchased) and shell corn: 
 

Dry hay (57.75 tons @ 120.00 per ton) $6930.00 
Corn (232 bushels @4.50) 1044.00 
 
Total savings with corn silage $7974.00 
 
Net savings with corn silage $4424.00 

 
Corn Silage as a Part of the Ration.   
 

Dry and gestating ewes were fed basically free choice corn silage and alfalfa haylage or dry 
alfalfa from October through April.  Ration was at least 50 to 75% corn silage by weight.  No 
lactating ewes were fed corn silage. 

 
About one third of ewes were fed corn silage right up to lambing with the balance lambing 

about 30 days after corn silage feeding stopped. 
 
Good Lessons Learned 
  

- Sheep prefer corn silage over haylage or dry hay so they tend to eat more of it and eat 
ALL of it except a small portion of the cob pieces. 

- Ewes held excellent condition and seemed to need no further protein supplement. 
- Lamb size and vitality at birth was excellent. 
- Cold weather performance of ewes was excellent. 
- Anecdotal evidence points to better milk components in ewes fed corn silage while 

dry/gestating. 
- Anecdotal evidence points to a more sustained lactation in ewes fed corn silage while 

dry/gestating. 
 
Bad Lessons Learned 
 

- Corn silage spoils much faster than haylage.  Once removed from the face of the bag it 
must be fed ASAP.   

- It cannot be removed and piled up for feeding. 
- Feeding corn silage led to “fatty udder” in several ewes.  This is a condition where there 

is so much fat in the colostrum that it is difficult or impossible to milk the ewe. 
- Ewe losses to unexplained digestive disorders seem to be higher with corn silage. 
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Really Bad Lessons Learned 
 

- Corn silage has about 1/7th the calcium content of alfalfa.  Supplement corn silage with 
about 20 lbs of calcium carbonate per ton. 

- For us, lack of this supplement led to the loss of almost 30% of ewes fed corn silage up to 
lambing (about 17 ewes total).  Losses were mainly due to orthopedic problems and 
simple, but very severe milk fever. 

 
Disadvantages of Corn Silage 
 

- Corn silage is a very equipment intensive crop, both in harvesting as well as feeding.  A 
farm must be set-up to feed silage efficiently as well as have feeding systems that allow 
easy clean-out of waste silage. 

- The silage must be fed quickly and preferably in cold weather to avoid spoilage.   
- Corn silage is not a feed that lends itself to purchase and delivery to a farm.  It almost has 

to be made and stored on or near the farm to avoid spoilage. 
- Nutritionally, corn silage does not appear to have a place when feeding lactating ewes.    

 
Conclusions 
 

We are again growing corn for silage in 2009.  The feed savings as well as the condition and 
milking benefits to the ewes point toward corn silage as an ideal feed for our needs.  With proper 
supplementation of both calcium and protein we should avoid any serious health issues in the 
flock.  For us, the potential result is more energy in the diet of the ewes over the winter, better 
milk production and better components, all at a greatly reduced cost.       
 
Up Next in 2010 
  
In 2009, we also are growing a sorghum-sudan grass hybrid for silage to be fed with corn silage 
and as a stand alone feed for dry/gestating ewes.  Energy is about 80% of corn silage and protein 
is 16%.  Estimated cost with current inputs and average yield in a single cutting is $71.00 per dry 
ton. 
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THE BRIGHT FUTURE FOR SHEEP DAIRYING 
 

Sid Cook 
Wisconsin Master Cheesemaker and Owner 

Carr Valley Cheese Company, Inc. 
La Valle, Wisconsin 

 
I.  The Past 

A. Discussion of “Marketing of Sheep Milk – Problems Faced by Processors” 
B. History of paper (see below) presented in 2004 at 10th Great Lakes Dairy Sheep 

symposium 
 

II. Present 
A. Issues, events, markets 
 

III. Future 
A. Farms 
B.  Manufacturers 
C. Consumers 
 

IV. Conclusions 
 

MARKETING OF SHEEP MILK – PROBLEMS FACED BY PROCESS ORS 
(first presented in 2004) 

Summary 
 

In the past five years of purchasing sheep milk there have been several issues and problems 
that we have faced: 

1) The method of handling and transport 
2) The milk volume 
3) The vast variation of components seasonally and the impact on yield 
4) The inventory and aging of sheep milk cheese 
5) Concern of milk quality 
 

Milk Delivery 
 

The use of bags and pails was not effective for us. Large amounts of cream and milk stuck to 
the bags resulting in a 1% or less shrink. This method of transport adds both extra labor for both 
farm and plant as well as yield loss. For the past two seasons, we have received milk by bulk 
truck, and it is a vast improvement over years past, but more expensive for us. 
 
Milk Volume 
 

The volume per delivery, because of low per animal production with sheep, and the sizing of 
our vats resulted in less than batch amounts. In the first years, we would receive 1500 to 2000 
pounds of milk per shipment by pails. This method was very inefficient as less than batch 
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amounts cause moisture, texture and yield problems in the cheese as well as extra manufacturing 
costs. 

 
At this time, we are receiving 8000 or more pounds per shipment by bulk truck, and this 

delivery system is working much better. Another related issue is seasonality of the milk; we can't 
purchase sheep milk year round at this time. 
 
Cheese Yield 
 

The yield varies greatly from spring to fall. When we start making cheese in the spring, our 
yield is 1.5 pounds of cheese per 10 pounds of milk, and we finish late summer and early fall 
with 1.6 pounds of cheese per 10 pounds of milk peaking at 1.8 pounds per 10 pounds of milk. It 
would be a great advantage to both producer and processor if a system was set up to pay more 
for high component milk. This would make both producer and processor more efficient. 

 
Milk Quality; Aging and Inventory of Cheese 
 

Because we make all hard and semi-hard cheese, it is necessary to age hard sheep milk 
cheese varieties at least six months so that sheep flavor notes are prominent. This makes it 
necessary to charge prices to cover the expense of the sheep milk, aging and inventory costs and 
money opportunity costs. We generally age our sheep milk cheeses one year and sell the cheese 
produced in one year in the following year. Storing the whole year of cheese until the next is 
expensive and capital consuming. 

 
As a buyer of sheep milk in Wisconsin, we are required to commit and contract for sheep 

milk as much as three years in advance. It is difficult to forecast sales that far into the future. We 
are always concerned that we will have too little sheep milk, rather than too much. Our future 
sales depend on the quality of the milk first, then the quality of cheese-making. We have 
consistently won many awards with all of our cheeses including sheep and mixed milk varieties. 
It has not been an easy task to become a consistent sheep milk processor. 

 
Conclusions 
 

In conclusion, sheep milk processing has become a viable business for us over the past 5 
years. We expect our demand to increase 20 to 40 percent over the next 5 years with some 
variation from year to year. We see a bright future with both processor and farmer working 
together to develop sheep milk dairying and products. 
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EFFECTS OF PREPUBERTAL GROWTH RATE OF EWE LAMBS ON THEIR 
SUBSEQUENT LAMB AND MILK PRODUCTION 

 
David L. Thomas and Yves M. Berger 

University of Wisconsin-Madison 
Madison and Spooner, Wisconsin  

 
Introduction 
 

In many sheep production operations in the Midwestern and Eastern U.S., lambs are 
managed for maximum body weight gain and fed high-energy diets continuously from shortly 
after birth until they are marketed as slaughter lambs. Flock owners will replace 20 to 25% of the 
ewes in their flock each year with ewe lambs raised in their flock or purchased from other 
producers.  Since all lambs in a flock generally are managed together, these replacement ewe 
lambs are often managed for maximum gains on high-energy diets along with the other lambs in 
the flock destined for slaughter.  Management of all lambs as one group results in easier 
management and allows for more accurate selection of replacement ewe lambs for high average 
daily gain. 

   
However, the practice of feeding replacement ewe lambs for maximum body weight gain 

may have detrimental effects on their milk production as ewes.  While relatively little research 
has been conducted with sheep to address this issue, much has been conducted with cattle.  The 
majority of well-designed studies have shown that high feeding levels for dairy heifers during the 
prepubertal period is detrimental to milk production as cows (reviews by Sejrsen and Purup, 
1997 and Sejrsen et al., 2000 and the book by Akers, 2002).  Increased feeding levels for beef 
heifers during their prepubertal period also has been shown to result in decreased milk 
production or decreased weaning weights of their calves (Holloway et al., 1973; Martin et al., 
1981; Johnnson and Obst, 1984; Buskirk et al., 1996). 

 
Studies evaluating the effects of prepubertal feeding level in ewe lambs on udder 

development, subsequent milk production, or lamb weaning weights are fewer in number and are 
less conclusive than the studies in cattle. Umberger et al. (1985), McCann et al. (1989), Johnsson 
and Hart (1985), and Johnsson et al. (1986) found slightly greater amounts of udder parenchyma 
(milk production tissue) in meat-type ewe lambs that had been fed at lower levels in the 
prepubertal period compared to ewe lambs that had been fed at higher levels, but the differences 
were not statistically significant.  In contrast, McFadden et al. (1990) reported a non-significant 
increase in parenchymal udder tissue in full-fed compared to restricted-fed meat-type ewe lambs.  
In the studies of Umberger et al. (1985) and McCann et al. (1989), the ewe lambs fed at the 
lower levels had increased milk production in five out of six trials (differences were not always 
significant).  Milk production in the latter two studies was estimated one or three times during 
the lactation period using the weigh-suckle-weigh technique (weighing lambs before and after 
suckling to estimate milk production) or by using an injection of the hormone oxytocin to 
remove milk.  In a study with dairy sheep, milk production at first lactation was not different 
between levels of prepubertal feeding for Lacaune ewe lambs, but Manchega ewe lambs fed at 
the lower level produced 41% more (P < 0.05) milk than Manchega ewe lambs fed at the higher 
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level (Ayadi et al., 2002). Each of the above sheep studies was conducted with a relatively small 
number of animals, and only one study measured milk production over the entire lactation. 

 
In their review of the cattle and sheep literature on the effects of prepubertal nutrition on milk 

production for application to the U.S. dairy sheep industry, Tolman and McKusick (2001) 
concluded that U.S. dairy ewe lambs should be restricted in energy intake to 65 to 75% of their 
ad libitum intake from 4 to 6 weeks of age through 20 weeks of age in order to increase the rate 
of mammary growth and to increase the total amount of epithelial tissue that will later develop 
into milk-secreting tissue. 

 
The objective of this study was to estimate the effects of growth rate of dairy ewe lambs on 

their lamb and milk production as adult ewes. The study involves larger numbers of ewes than in 
previous sheep studies and measures milk production over the entire lactation in a commercial-
like dairy sheep setting. 

   
Materials and Methods 
 

The study was conducted at the Spooner Agricultural Research Station of the University of 
Wisconsin-Madison. Two hundred fifty two ewe lambs born in the late winter and early spring of 
2004 (n = 104), 2005 (n = 85), and 2006 (n = 62) were utilized in the study. The ewe lambs were 
of high percentage East Friesian (EF) or Lacaune (LA) breeding or various crosses of these two 
dairy breeds, with the exception of 18 ewe lambs born in 2004 that were sired by Dorset rams 
with less than ½ of their genetic composition from the EF and/or LA breeds. 

 
Ewe lambs were removed from their dams at 1 to 2 days of age and raised on milk replacer 

and a high concentrate (22 % crude protein) ad libitum diet until approximately 30 days of age. 
They continued on the high concentrate ad libitum diet for an additional 2 to 3 weeks after 
weaning from the milk replacer and then were randomly assigned to one of two growth 
treatments – full feed (FULL) or restricted feed (REST). Both treatment groups were fed a 13 % 
crude protein grain mix of whole shelled corn and a high protein pellet in straw-bedded pens (2 
pens of lambs on each treatment each year). A small amount of alfalfa hay was also provided – 
less than 0.50 lb. per head per day. 

 
Ewe lambs in the FULL group received as much of the grain mix as they could consume, and 

average per head feed consumption was calculated daily.  Each ewe lamb in the REST group 
received approximately 70 % of the average per head intake of the FULL group from the day 
before. The goal was to have REST lambs gain at 70 % the growth rate of FULL lambs. Lambs 
were weighted weekly. If the REST lambs were gaining markedly faster or slower than 70 % of 
the growth rate of FULL lambs, the proportion of the FULL intake that was fed to them was 
decreased or increased. 

 
Ewe lambs remained on the nutrition treatments for approximately 100 days until they were 

approximately 5 months of age. After the end of the treatments, all ewes were managed together. 
They were fed alfalfa hay ad libitum and 2 lb. of corn/head/day. The corn was decreased to 1 
lb./head/day about 2 weeks before the start of mating. Ewe lambs were first mated in October-
November at slightly over 7 months of age and lambed in March and April. Yearling and older 
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ewes were bred approximately a month earlier to lamb in February and March. The vast majority 
of lambs were removed from these ewes at 1 to 2 days of age and raised on milk replacer, and 
the ewes were then placed on twice per day milking in the parlor. In 2005, 17 of the 2004-born 
ewes were allowed to raise their lambs for approximately 30 days before the lambs were weaned 
and the ewes placed in milking. Ewes were pastured on Kura clover-orchard grass pastures 
during the grazing season, fed haylage at other times, and fed 2 lb. of concentrate per head per 
day in the milking parlor. 

 
Results 
 

Average per head feed consumption of the 12 pens of lambs over the years of 2004, 2005, 
and 2006 is presented in Table 1. As designed in the experiment, the REST group ate less (P < 
0.05) of the grain mix than the FULL group (1.94 vs. 2.67 lb./head/day). Grain mix and total 
feed consumption of the REST group was 73 and 75 %, respectively, the consumption of the 
FULL group. 
 

Table 1. Feed consumption least squares means for full- or restricted-fed dairy ewe 
lambs. 

     
Treatment No. pens Grain/hd/d, lb. Hay/hd/d, lb. Total feed/hd/d, lb. 

     
Full feed 6 2.67a .45 3.12a 
Restricted 6 1.94b .41 2.35b 
     
Restricted/Full  .73 .91 .75 
a,b Means within a column and within a treatment group with no superscripts in common 
are statistically different (P < 0.05). 
 

Figure 1 illustrates that the nutritional treatments were successful in creating weight 
differences between the FULL and REST ewe lambs with the REST lambs lighter than the 
FULL lambs at the end of the trial. By chance, the ewe lambs on the REST treatment were 1.8 
lb. heavier (P < 0.10) than the ewe lambs on the FULL treatment at the start of the trial (Table 
2). However, by the end of the trial period, REST ewe lambs were 14.3 lb. lighter (P < 0.05) than 
the FULL ewe lambs. The average daily gain of the REST ewe lambs was 75 % that of the 
FULL ewe lambs; somewhat greater than the 70 % sought in the study but still within the range 
recommended by Tolman and McKusick (2001). 

 
Also presented in Table 2 are the effects of breed of ewe lamb. The ewe lambs were divided 

into two groups: a majority of East Friesian (EF) or Lacaune (LA) breeding. The 18 Dorset-sired 
ewe lambs in the study were from dairy cross ewes and were assigned to the dairy breed 
representing the greatest proportion of their genetic composition. Ewe lambs of a majority of EF 
breeding had greater (P < 0.05) end weights and slightly greater (P < 0.10) average daily gains 
than ewe lambs of a majority of LA breeding. 
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Figure 1. Body weights of ewe lambs during the treatment 
period.
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Table 2. Age, weight, and average daily gain least squares means for East Friesian- or Lacaune-
sired and full- or restricted-fed dairy ewe lambs. 

        
   Start  End  

Treatment 
No. ewe 
lambs  Age, d Weight, lb.  Age, d Weight, lb.  

Average 
daily 

gain, lb. 
Breed:          
> 50% EF 126  49.9 38.9 147.4 101.6c  .64a 
> 50% LA 126  50.3 37.5 148.0 98.3d  .62b 
         
Nutrition:         
Full feed 129  50.8 37.3a 147.6 107.1c  .72c 
Restricted 123  49.4 39.1b 147.8 92.8d  .54d 
         
Restricted/Full        .75 
a,b Means within a column and within a treatment group with no superscripts in common are 
statistically different (P < 0.10). 
c,d Means within a column and within a treatment group with no superscripts in common are 
statistically different (P < 0.05). 
 

An important finding from this study was that the lower weights of the REST ewe lambs at 
the end of the trial period did not have a long-term effect on their body weights. The REST ewe 
lambs had greater (P < 0.05) average daily gains from the end of the trial to their first mating 
approximately 2 months later and from their first mating to their first lambing at slightly over 1 
year of age (Table 3).  While the FULL ewes were still heavier (P < 0.05) than the REST ewes at 
first mating, the REST ewes more than compensated in the following 5-plus months and were 
actually slightly heavier (P < 0.10) than FULL ewes at first lambing (Table 3). Therefore, 
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restricting feed intake to 75 % of ad libitum intake in ewe lambs should not have any effect on 
adult ewe body weight.  

 
By first lambing, the EF and LA ewes were of similar weights (Table 3).     

 
Table 3. Least squares means for ewe lamb mating and lambing weights of ewes sired by East 

Friesian or Lacaune rams and full- or restricted-fed as ewe lambs.   
      

Treatment 
No. ewe 

lambs mated 
Mating wt., 

lb. 
ADG end of trial 
to first mating, lb. 

Lambing 
wt., lb 

ADG mating to 
first lambing, lb. 

Breed:      
> 50% EF 121 135.5a .43c 163.6 .17 
> 50% LA 124 131.5b .41d 163.1 .18 
      
Nutrition:      
Full feed 127 135.5a .35b 161.0d .15b 
Restricted 118 131.5b .48a 165.7c .20a 
a,b Means within a column and within a treatment group with no superscripts in common are 
statistically different (P < 0.05). 
c,d Means within a column and within a treatment group with no superscripts in common are 
statistically different (P < 0.10). 
 

Reproductive and lactation performance was collected through the lactation in 2008. 
Therefore performance was available on the 2004-born ewes when lambing at 1, 2, 3, and 4 
years of age, the 2005-born ewes when lambing at 1, 2, and 3 years of age, and the 2006-born 
ewes when lambing at 1 and 2 years of age.  
 

As ewe lambs, there were no statistically significant differences in fertility (ewes 
lambing/ewes mated) or prolificacy (lambs born/ewes lambing) between FULL and REST ewe 
lambs (Table 4). EF-sired ewe lambs gave birth to approximately 14 more (P < 0.10) lambs per 
100 ewes lambing than did LA-sired ewe lambs. We have shown an advantage of EF breeding 
over LA breeding for prolificacy in a previous study (Thomas et al. 2005). 

 
Table 4. Least squares means for reproductive traits at approximately one year of age of ewes of 

a majority of East Friesian or Lacaune breeding and full- or restricted-fed as ewe lambs.   
    

Treatment No. ewes Fertility, % Prolificacy, no. 
Breed:    
> 50% EF 120 88.3 1.56a 
> 50% LA 124 88.2 1.42b 
    
Nutrition:    
Full feed 126 85.7 1.48 
Restricted 118 90.1 1.50 
a,b Means within a column and within a treatment group with no superscripts in common are 
statistically different (P < 0.10). 
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Neither nutrition treatment nor breed had an effect on ewe fertility or prolificacy of older 

ewes (Table 5). Among ewes 2 years of age and older, at least 93 % of them lambed, and they 
gave birth to over 2 lambs per ewe. 
 
Table 5. Least squares means for reproductive traits at two years of age and greater of 
ewes of a majority of East Friesian or Lacaune breeding and full- or restricted-fed as 

ewe lambs.   
     

Treatment No. ewes No. exposures Fertility, % Prolificacy, no. 
Breed:     
> 50% EF 99 184 93.7 2.07 
> 50% LA 104 170 94.6 2.03 
     
Nutrition:     
Full feed 102 176 95.5 2.03 
Restricted 101 178 92.8 2.06 
 

None of the differences between nutrition treatments for lactation traits were statistically 
significant, but mean values were actually slightly higher for FULL ewes compared to REST 
ewes (Table 6). The results of this study contradict the majority of the cattle data and the limited 
amount of sheep data that show increased milk production resulting from slower compared to 
higher prepubertal growth rates. 

 
EF ewes had 57.9 lb. greater (P < 0.01) milk yield than LA ewes, but Lacaune ewes had 

greater (P < 0.01) percentages of milk fat and milk protein than EF ewes resulting in similar 
amounts of fat and protein yield for the two breeds (Table 6).   
 

Table 6. Least squares means for lactation traits of ewes of a majority of East Friesian or 
Lacaune breeding and full- or restricted-fed as ewe lambs.   

         

Treatment 
No. 
ewes 

No. 
lactations 

Lactation 
length, d 

Milk 
yield, lb. 

Fat, 
% 

Fat 
yield, lb. 

Protein, 
% 

Protein 
yield, lb. 

Breed:         
> 50% EF 99 242 186.2 639.1a 5.52b 35.8 4.72b 30.7 
> 50% LA 106 234 183.0 581.2b 6.06a 36.0 5.01a 29.9 
         
Nutrition:         
Full feed 102 236 185.9 620.2 5.84 36.7 4.88 30.8 
Restricted 103 240 183.4 600.2 5.74 35.2 4.85 29.8 
a,bMeans within a column and within a treatment group with no superscripts in common are 
statistically different (P < 0.01). 
 

This study indicates that prepubertal ewe lambs that are fed for maximum body weight gains 
are at no disadvantage relative to ewe lambs fed for slower body weight gains (75 % of 
maximum gains) for lactation traits. 
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Two hundred forty five of the ewe lambs in the feeding trial were mated at seven months of age. 
Ewes left the flock through death or were culled for extremely unthrifty condition, severe 
mastitis, and, in some cases, for failure to lamb or very high somatic cell counts. There was little 
or no culling on milk yield. Table 7 presents the proportion of ewes still in the flock on June 30, 
2009 and the average age at which ewes left the flock.    
 
There were no significant effects of breed or ewe lamb nutrition on survival of ewes in the flock 
(Table 7), although there was a tendency for LA-sired ewes to leave the flock at a faster rate than 
EF-sired ewes. 
 
Table 7. Least squares means for measures of survival of ewes of East 
Friesian or Lacaune breeding and full- or restricted-fed as ewe lambs.     

    

Treatment 
No. ewe 

lambs mated 
% remaining, 

6/30/09 
Average age when 

leaving the flock, monthsa 
Breed:    
> 50% EF 121 48.1 39.6 
> 50% LA 124 40.0 37.2 
    
Nutrition:    
Full feed 127 45.9 37.5 
Restricted 118 42.3 39.3 
a Ewes still present on 6/30/09 were assigned their age on 6/30/09. If all 
ewes were still present on 6/30/09, these means would be approximately 
53 months.  
 
Conclusions 
 

The two nutrition treatments in this study for prepubertal dairy ewe lambs (ad libitum intake 
of concentrate and 73 % of ad libitum intake of concentrate) resulted in no differences in 
reproduction, lactation performance, or survival of ewes through four years of age. Producers 
could save on feed costs of replacement ewe lambs by feeding them less feed separately from 
full-fed market lambs or they could leave the ewe lamb replacements with the full-fed market 
lambs for convenience of management – whichever system they prefer. 
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UPDATE ON THE CROSSBREEDING TRIAL BETWEEN THE KATAH DIN AND 
LACAUNE BREEDS 

 
Yves M. Berger 

Spooner Ag. Research Station 
University of Wisconsin-Madison 

Spooner, Wisconsin 
 
Justification 
 

In a dairy sheep enterprise, the shearing of ewes is often done twice a year in order to keep 
them clean for a sanitary collection of the milk. Because of the shorter fleece at each shearing, 
the value of the wool is very much reduced. Therefore, the idea of creating a dairy breed with 
little or no wool is appealing. The Lacaune breed, widely utilized in France as a dairy breed, 
already has very little wool; located mostly on the back. The hair sheep Katahdin is becoming a 
very popular breed for easy care lamb production, tolerance to internal parasites, and resistance 
to elevated temperatures. A small crossbreeding trial was started in 2007 in order to see if we 
could increase the milk production of the Katahdin while maintaining the hair characteristic of 
the breed. 
 
Animals Used    
 

Twelve Katahdin ewes (9 adults and 3 ewe lambs) as well as 2 rams were purchased from a 
well known Katahdin breeder in southwest Wisconsin.  In the fall of 2007, those ewes were 
exposed to one Lacaune ram. At the same time, 20 high-grade Lacaune ewes of various ages 
born at the Spooner Research Station were exposed to one Katahdin ram. The Katahdin ewes 
raised their lambs for 60 days while the lambs of the Lacaune ewes were raised on milk replacer 
and the dams put at milking soon after lambing. In the fall of 2008, the same Katahdin ewes were 
again exposed to the same Lacaune ram, and the ewe lambs born in the spring of 2008 (½Ka, ½L 
and ½L, ½Ka) were exposed to either a Katahdin ram or to a Lacaune ram in order to obtain 
backcrosses. The number of animals mated as well as the number of lambs born is presented in 
Table 1.  
 
Table 1.  

 Fall 2007 Fall 2008 
Ewes Rams # of 

ewes 
# 

lambed 
Lambs 
born 

Rams # of 
ewes 

# 
lambed 

Lambs 
born 

Katahdin Lacaune 9 6 12 Lacaune 11 10 24 
Lacaune Katahdin 25 23 43     

1/2L,1/2Ka     Katahdin 4 4 6 
1/2Ka,1/2L     Katahdin 5 3 5 
1/2Ka,1/2L     Lacaune 8 5 8 
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Performance of Katahdin and Crossbred Ewes and Growth of Lambs 
 

The results are shown in Table 2. The prolificacy of the Katahdin is remarkable with a litter 
size of 2.25 over the two years. The livability of their lambs is also remarkable at 92% 
considering that lambing occurred outside in the midst of winter with just a 3-sided shelter for 
protection. The growth of the lambs is good and very similar between the F1 and the 
backcrosses. Their average daily gain of .55 lb. from birth to weaning and from birth to 60 days 
is slightly inferior to the average of the Spooner flock (.75 lb./day). 
 
Table 2. 
Ewes Katahdin Lacaune 1/2L,1/2 Ka 1/2Ka,1/2L 
Rams Lacaune Katahdin Lacaune Katahdin 
     
# of ewes 20 25 8 9 
# of ewes lambed 16 23 5 7 
# of lambs born 36 43 8 11 
#of lambs alive 
at weaning 

33 34 8 8 

     
Fertility 80% 92% 63% 78 
Litter size 2.25 1.86 1.6 1.6 
Livability 92% 79% 100% 73% 
     
Birth weight 8.6 11.4 8.9 9.5 
Weaning age 32 29 31 28 
Weaning weight 26.4 27.6 27 25.5 
ADG birth-
weaning 

.55 .56 .58 .57 

     
Age at 2nd 
weighing 

64 70 62 63 

Weight at 2nd 
weighing 

45 51 41 44 

ADG birth-2nd .57 .56 .52 .55 
 
Shedding 
 

The pure Katahdin ewes shed their winter coat completely during the course of the spring. 
The Lacaune ewes, which grow a fairly heavy coat of wool-hair mix, need to be shorn in the 
spring.  
 

 



 45 

 
                      Katahdin ewes                                                     Katahdin ram 
 

 
                              Lacaune ewe                                                         Lacaune ewe 
 

 
F1 ewes have varying degrees of shedding as illustrated in the following pictures. 
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More pictures of F1 ewes showing varying degrees of shedding. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Milk Production 
 

The Katahdin ewes that we purchased had a very wild disposition, and we decided not to 
milk them on their first year at the research station, hoping that being mixed with the dairy flock 
would calm them down. This did not happen, and milking the Katahdin ewes during their second 
year proved to be a challenge. The F1 ewes born from Lacaune ewes had a much better 
disposition, while the F1 ewes born from the Katahdin ewes still had a wild streak. 

  
The Katahdin ewes and the F1 ewe lambs were put at milking 30 days after lambing after 

having raised their lambs. The pure Katahdin ewes were milked for an average of 33 days only, 
and produced no more than 30 pounds of commercial milk. The F1 ewes were uneven in their 
production with only 5 ewe lambs out of 10 still at milking after 130 days 

  
Milk production of all groups is given in Table 3.  The Lacaune ewes shown in the table are 

the ewes that were used to produce F1s and were all adult ewes put at milking shortly after birth. 
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Table 3. Milk production of Katahdin, Lacaune and F1 ewe lambs. 
 Total production 2009 

(lbs) 
Length of milking 

period (days) 
Comment 

Katahdin (adults) 30 33 D30 weaning 
Lacaune (adults) 670 171 DY1 weaning. Ewes 

still at milking as of 
8/4/09 

50Ka,50L (1st 
lactation) 

178 84 D30 weaning. 3 ewes 
out of 5 still at 
milking after 120 days 

50L,50Ka (1st 
lactation) 

175 71 D30 weaning. 2 ewes 
out of 5 still at 
milking after 130 days 

 
Those results are encouraging and show that it might be possible to increase the commercial 

milk production of the Katahdin while preserving their shedding characteristic. The study will be 
pursued a few more years in order to gather more data.  
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 2009 LAMB PRODUCTION AND 2008 LACTATION PERFORMANC E OF THE 
SPOONERAGRICULTURAL RESEARCH STATION FLOCK 

 
Yves Berger 

Spooner Agricultural Research Station 
University of Wisconsin-Madison 

Spooner, Wisconsin 
 

Mature ewes >2 year old (EF = East Friesian, LA = Lacaune) 
 
 Breed of ewes EF x L EF x L EF Katahdin Total 

Breed of rams Hamp Dairy Dairy Lacaune  
No. of ewes at 
breeding 

94 102 94 11 238 

No. of ewes at 
lambing 

87 99 87 11 227 

No. of ewes 
aborted 

3 1 3 0 5 

No. of ewes 
lambed 

84 98 84 10 221 

No. of lambs born 182 186 182 24 450 
No. of lambs 
weaned at 30 days 

159 165 159 21 394 

      
Fertility 89% 96% 89% 91% 92.3% 
Litter size 2.16 1.89 2.16 2.4 2.04 
Survival rate to 
weaning 

87.4% 88.7% 87.4% 87.5% 88.7% 

Weaning age 
(days) 

27 29 27 33 29 

Weaning weight 32 30.6 32 27 30.4 
Birth weight 12.3 11.3 12.3 9 11.5 
No. of lambs 
weaned per ewe at 
breeding 

1.69 1.62 1.69 1.9 1.66 
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Ewe lambs (< 1 year old) 
 

 Breed of ewes 
 EF x L EF EF L L x Ka Ka x L Total 
Breed of rams Dairy Lacaune EF L L Ka  
No. of ewes at 
breeding 

80 6 8 6 8 9 117 

No. of ewes at 
lambing 

79 5 8 6 6 8 112 

No. of ewes 
aborted 

0 0 0 0 1 0 1 

No. of ewes 
lambed 

66 5 8 6 5 7 97 

No. of lambs 
born 

97 7 12 8 8 11 143 

No. of lambs 
weaned at 30 
days 

85 7 8 7 8 8 123 

        
Fertility 83.5% 100% 100% 100% 100% 87.5% 87.5% 
Litter size 1.48 1.4 1.5 1.33 1.6 1.57 1.47 
Survival rate to 
weaning 

86.7% 100% 66.6% 87.5% 88.8% 72.7% 86% 

Weaning age 
(days) 

33 32 30 30 31 27 32 

Weaning weight 28.2 27.4 29.4 28.3 27 25.5 28 
Birth weight 10.4 10.3 11.2 11.2 8.8 9.5 10.4 
No. of lambs 
weaned per ewe 
at breeding 

1.06 1.17 1.0 1.17 1.0 .89 1.05 
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2008 milk production by lactation and genotypes 
 Number 

of 
ewes1 

Weaning 
systems2 

Average 
production 
(pounds) 

%BF Average 
days at 
milking 

1st lactation      
7/8 EF  and  EF 19 DY1 533 5.4 176 
7/8 Lacaune and 
Lacaune 

5 DY1 536 6.5 183 

Lacaune x EF 14 DY1 563 6.1 180 
EF x Lacaune 23 DY1 505 5.9 177 
Total ewe lambs 61 DY1 530 5.8 178 
      
2nd, 3rd, 4th 
lactation 

     

½ EF      
½ Lacaune 5 DY1 685 6.6 200 
¾ EF 9 DY1 678 6.0 197 
¾ Lacaune 7 DY1 639 7.1 199 
7/8 EF and higher 
EF 

22 DY1 791 5.5 215 

7/8 Lacaune and 
higher Lacaune 

8 DY1 762 6.6 223 

Lacaune x EF 87 DY1 762 6.2 208 
EF x Lacaune 76 DY1 849 5.9 216 
Dorset x  E or L 
or EL 

4 DY1 916 6.9 233 

Total adults 218 DY1 789 6.1 212 
      

All ewes 279 DY1 732 6.0 204 
                           1Number of ewes: including all ewes having been milked at least 20 days 
                           2Weaning systems: 
                   DY1    = Ewes put at milking 24 hours after lambing. 
                    
Distribution of ewes by milk production, 2008 
 Total production (pounds) # of ewes % of flock 

>1000 lbs 42 15% 
900-1000 33 12% 
800-900 45 16% 
700-800 40 14% 
600-700 38 14% 
500-600 29 10% 
400-500 20 7% 
300-400 22 9% 
20-300 21 8% 
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INDEX OF ARTICLES FROM SPOONER SHEEP DAY PROCEEDING S FROM 1999-
2009 (Spooner Sheep Day from 1999-2002, Biennial Spooner Dairy Sheep Day in 2003, 

2005, 2007, and 2009, and Biennial Spooner Sheep Day in 2004, 2006, and 2008) 
 

Copies of the following articles, as well as articles from earlier proceedings, can be obtained 
at the University of Wisconsin-Madison Sheep Extension Web Site 

(http://www.uwex.edu/ces/animalscience/sheep/index.html) or by contacting  
Dave Thomas 

Department of Animal Sciences 
University of Wisconsin-Madison 

1675 Observatory Dr. 
Madison, WI 53706 
dlthomas@wisc.edu 
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Welcome - Robert E. Rand 
What Have We Learned About Artificial Insemination in Sheep? - Randy Gottfredson 
Feeding Ewes Better for Increased Production and Profit  - Dan Morrical 
Rumen-Protected Bypass Fat for Dairy Ewe Commercial Milk Production  - Brett C. McKusick, 

Yves M. Berger and David L. Thomas 
 Progress Report: A Comparison of Market Lambs Sired by Suffolk Rams of United Kingdom or 

U.S. Origin - David L. Thomas, Yves M. Berger, Brett C. McKusick, Randy G. Gottfredson and Rob 
Zelinsky 

Effects of Three Weaning/Rearing Systems on Commercial Milk Production and Lamb Growth  
Brett C. McKusick, Yves M. Berger and David L. Thomas 

Preliminary Results: Effects of Udder Morphology on Commercial Milk Production of East 
Friesian Crossbred Ewes -Brett C. McKusick, Yves M. Berger, and David L. Thomas 

Introgression of the FecB Allele of the Booroola Merino into a Rambouillet Flock -A Progress 
Report - A.E. Crooks, D.L. Thomas, R.D. Zelinsky, R.G. Gottfredson, B.C. McKusick 

1998-99 Reproductive Performance of the Spooner Agricultural Research Station Flock - Yves 
Berger 

 
2000 
Welcome - Yves M. Berger 
Research Report - Mike Bertram 
Effect of the FecB Allele of the Booroola Merino on Weight of Lamb Marketed Per Ewe When 

Introgressed into a Rambouillet Flock - A. E. Crooks, D. L. Thomas, R. D. Zelinsky, R. G. 
Gottfredson, and B. C. McKusick 

A Comparison of Market Lambs Sired by Suffolk Rams of United Kingdom or U.S. Origin - David 
L. Thomas, Yves M. Berger, Brett C. McKusick, Randy G. Gottfredson, Rob Zelinsky, and 
Guilherme Rosa 

Physiologic Factors that Modify the Efficiency of Machine Milking in Dairy Ewes - B. C. McKusick 
Lamb Meat Adjustment Assistance Program - Andy Bourget, USDA-Farm Service Agency 
As a Sheep Producer, Should I Consider Sheep Dairying? – Yves Berger 
2000 Reproductive Performance of the Spooner Agricultural Research Station Flock - Yves Berger 
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2001 
Welcome - Yves M. Berger 
Agronomy and Horticulture  - Mike Bertram 
Genetics of Scrapie Resistance in Sheep - David L. Thomas 
Strategies for Out-of-Season Breeding - Lowell Slyter 
Dairy Sheep Production: A Viable Farming Option? - Tom and Laurel Kieffer 
Less is More - Bob and Amanda Nusbaum 
Alternative Sheep Production, Feeding Local Lambs - Dan P. Riley 
Establishment and Economics of Short Rotation Intensive Culture (SRIC) Poplar Plantations - 

Kevin A. Schoessow 
Performance of a New Pasture Legume, Kura Clover, in Wisconsin - Kenneth A. Albrecht 
The Effect of Three Times a Day Milking at the Beginning of Lactation on the Milk Production of 

East Friesian Crossbred Ewes - Linda de Bie, Y.M. Berger and D.L. Thomas 
Comparison of East Friesian-Crossbred and Lacaune-Crossbred Ewe Lambs for Dairy Sheep 

Production - David L. Thomas, Yves M. Berger, Brett C. McKusick and Randy G. Gottfredson 
Preliminary Observations on Milk Flow and Udder Morphology Traits of East Friesian Crossbred 

Dairy Ewes - Brett C. McKusick, Pierre-Guy Marnet, Yves M. Berger and David Thomas 
Effect of Omission of Machine Stripping on Milk Production and Parlor Throughput in East 

Friesian Dairy Ewes - B.C. McKusick, D.L. Thomas and Y.M. Berger 
Effect of Presence or Absence of Corpora Lutea on Milk Production of  Mid-Lactation Dairy Ewes - 

B.C. McKusick, M.C. Wiltbank, R. Sartori, P.G. Marnet, 
       D.L. Thomas and Y.M. Berger 
2000-2001 Performance of the Spooner Agricultural Research Station Flock - Yves Berger 
 
2002 
Welcome - Yves M. Berger 
Early History of the Spooner Station and the Roll of the Station in Introduction of the Targhee 

Breed in Wisconsin - Rudy Erickson 
Reprints from Old Issues of the Wisconsin Cooperative Wool Growers News - Rudy and Martha 

Erickson 
Pre -1980 Sheep Research at the Spooner Station - Art Pope 
Forty Years of Sheep Research at Wisconsin (Reprinted from 1988 Spooner Sheep Day Proceedings) - 

Art Pope 
Sheep Project 1953 -1954 (Reprinted from a 1954 mimeograph) - Carl Rydberg 
Reducing Labor in Sheep Production - Thomas K. Cadwallader 
Use of Super-Prolific Breeds and Artificial Rearing of Lambs - Yves Berger 
Fertility of Targhee and Finn x Targhee Ewe Lambs Mated in November (Reprinted from 1976 

Spooner Sheep Day Proceedings) - Carl Rydberg 
Raising a 200% Lamb Crop - How to GET it Started (Reprinted from 1985 Spooner Sheep day 

Proceedings) - A. L. Pope 
Raising a 200% Lamb Crop - Breeding Program Considerations (Reprinted from 1985 Spooner 

Sheep Day Proceedings) - R.A. Kemp 
Raising a 200% Lamb Crop - Handling the Flock at Lambing Time (Reprinted from 1985 Spooner 

Sheep Day Proceedings) - Tom Cadwallader 
Reproductive Performance of Romanov Crossbred Ewes in Comparison to Finn Crossbred Ewes 

(Reprinted from the 1992 Spooner Sheep Day Proceedings) - Yves Berger 
Reproductive Performance of Romanov x Targhee and Finn x Targhee Ewes in an Accelerated 

Lambing System (Reprinted from the 1995 Spooner Sheep Day Proceedings) - Yves Berger and 
David Thomas 

Raising Lambs on Milk Replacer (Reprinted from the 1998 Spooner Sheep Day Proceedings) - Yves 
Berger and Richard Schlapper 
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Dairy Sheep - The Research Emphasis Starting in 1993 - David L. Thomas 
Milk and Lamb Production of East Friesian-Cross Ewes in Northwestern Wisconsin  (Reprinted 

from the 1998 Spooner Sheep Day Proceedings) - David Thomas, Yves Berger and Brett McKusick 
Effects of Three Weaning and Rearing Systems on Commercial Milk Production  and Lamb 

Growth (Reprinted from the 1999 Spooner Sheep Day Proceedings) - Brett McKusick, Yves Berger 
and David Thomas 

The Effect of Three Times a Day Milking at the Beginning of Lactation on the Milk Production of 
East Friesian Crossbred Ewes (Reprinted from the 2001 Spooner Sheep Day Proceedings) - Linda 
deBie, Yves Berger and David Thomas 

Effect of Reducing the Frequency of Milking on Milk Production, Milk composition, and Lactation 
Length in East Friesian Dairy Ewes (Reprinted from the 2001 Spooner Sheep Day Proceedings) - 
Brett McKusick, David Thomas and Yves Berger 

Is Machine Stripping Necessary for East Friesian Dairy Ewes? (Reprinted from The Proceedings of 
The 7th Great Lakes Dairy Sheep Symposium, 2001) - Brett McKusick, David Thomas and Yves M. 
Berger 

2001-2002 Performance of the Spooner Agricultural Research Station Flock - Yves Berger 
 
2003 – no proceedings 
 
2004 
Welcome and Station Update – Yves M. Berger 
Ultrasound Fat and Muscle Measurements of Live Lambs as a Predictor of Carcass Fat and Muscle 

Measurements and Changes in Ultrasound Rib Eye Area and Fat Thickness as Lambs Grow – 
C.J. Hiemke, Li-yin Lee, D.L. Thomas, T.A. Taylor, R.G. Gottfredson, S. Pinnow 

Composting Farm Animal Mortalities - Dan Short 
Options for Midwest Ewe Flock Expansion – Kelley O’Neill  
Wisconsin Livestock Identification Consortium – Leanne Ketterhagen 
Developments with Kura Clover-Orchard Grass Pastures – Phil Holman 
2002-2003 Performance of the Spooner Agricultural Research Station Flock – Yves Berger and 

Richard Schlapper  
2003-2004 Performance of the Spooner Agricultural Research Station Flock – Yves Berger and 

Richard Schlapper  
 
2005 – no proceedings 
 
2006 
Welcome and Station Updates -Yves M. Berger 
Direct Sale of Lamb to the Ethnic Market and Non-Ethnic Market - Dan Guertin 
Marketing to Culturally Diverse Families - Judy Moses 
So You Want to Direct Market Lamb? - Steve and Tammy Schotthofer Family 
Rules and Regulations Regarding Direct Market Meat Sales - Gary Onan 
Variable Effectiveness of Radio Frequency Ear Tags and Rumen Boluses for Electronic 

Identification of Sheep - D.L. Thomas, M. Hernandez-Jover, M. Rovai, M. Bishop, G. Caja, Y.M. 
Berger, T.A. Taylor, B. Bishop, L. Taylor, R.G. Gottfredson, M. Frank, R. Schlapper, B. Bolan, and 
W. Keough  

Dealing with Drought in Pasture Systems - Phil Holman 
Pasture Research and Demonstrations - Phil Holman 
Estimating Pasture Forage Availability - Claire Mikolayunas and Steve Eckerman  
Body Condition Scoring of Sheep - James M. Thompson and H. Meyer  
2005-2006 Performance of the Spooner Agricultural Research Station flock – Yves Berger 
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2007 
Effect of Supplementation on Milk Production of Dairy Ewes – C. M. Mikolayunas, D. L. Thomas, Y. 

M. Berger, K. A. Albrecht, D. K. Combs, and S. R. Eckerman 
The East Friesian Breed of Sheep in North America – Yves M. Berger  
Raising Lambs the River Ridge Way - Larry and Emily Meisegeier and Ruth Grinnell  
30-Day Weaning System - Kim Cassano and Rich Toebe 
MIX Weaning at Dream Valley Farm - Tom and Laurel Kieffer 
Effect of Prepartum Photoperiod on Milk Production of Dairy Ewes - C. M. Mikolayunas, D. L. 

Thomas, Y. M. Berger, T. F. Gressley, and G. E. Dahl  
Progress Report: Effects of Prepubertal Growth Rate of Ewe Lambs on their Subsequent Lamb 

and Milk Production - David L. Thomas and Yves M. Berger 
Sheep Pasture Management for 2007 - Phil Holman 
Katahdin Hair Sheep at the Spooner Agricultural Research Station - David L. Thomas and Yves M. 

Berger 
2006-2007 Performance of the Spooner Agricultural Research Station Flock - Yves M. Berger 
 
2008 
Sheep Production Economics in 2008 - Yves M. Berger and David L. Thomas 
Using Co-Products from the Corn Milling Industry in  Sheep Rations - Dan Morrical 
Can Your Wool be Worth More? - Paul and Carol Wagner 
Evaluation of Emergency Forage Crops - Paul Peterson, Dan Undersander, Marcia Endres, Doug 

Holen, Kevin Silveira, Mike Bertram, Phil Holman, Doug Swanson, Rich Leep, Vince Crary, and 
Craig Sheaffer 

Is Grazing the Way to Beat High Feed Costs? – Dan Morrical 
Getting More Out of Your Pastures: Managing Ewes and Lambs on Pasture – Jim and Ruth Ann 

Schultz 
2007-2008 Performance of the Spooner Agricultural Research Station Flock - Yves Berger 
 
2009 
UW-Madison Spooner Agricultural Research Station 100th Anniversary - Philip Holman 
Economics of Dairy Sheep Operations - Yves M. Berger 
Protein Utilization in Lactating Dairy Ewes - Claire M. Sandrock, David L. Thomas, and Yves M. 

Berger 
Experiences Feeding Corn Silage to Dairy Ewes – Paul Haskins 
The Bright Future for Sheep Dairying – Sid Cook 
Effects of Prepubertal Growth Rate of Ewe Lambs on their Subsequent Lamb and Milk Production 

- David L. Thomas and Yves M. Berger 
Update on the Crossbreeding Trial between the Katahdin and Lacaune Breeds - Yves M. Berger 
2009 Lamb Production and 2008 Lactation Performance of the Spooner Agricultural Research 

Station Flock - Yves M. Berger 


