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Studies were conducted over a two year period to evaluate alterna-

tive finishing methods for spring and fall-born beef cattle. Management

alternatives from birth to slaughter included season of calving, lacta-

ting cow nutrition, preweaning calf nutrition, weaning age, calf and

yearling winter nutrition, range and irrigated pasture supplementation,

grazing practice, range or irrigated pasture finishing with limited

grain and feedlot finishing.

Increased levels of energy supplementation for spring-born calves

wintered on alfalfa hay or bluegrass straw increased (P<.05) daily gains

resulting in heavier (P<.05) calves by spring turnout. However, winter

gain was inversely related to subsequent spring and summer gains on

range. A grazing practice designed to remove the top 30% of available

forage in a pasture and then moving to a fresh pasture compared to

season long (continuous) grazing increased (P<.05) summer gains of

steers on creasted wheatgrass range. Summer gains for yearling steers

grazing irrigated pasture were increased (P.05) on clover-orchardgrass



compared to clover-fescue pasture mixes. Following the grazing season

on either crested wheatgrass range or irrigated pastures, steers were

either worked up to a full feed of grain on their respective pasture or

finished in a feedlot. Feedlot finishing increased (P<.05) daily gains

compared to range finishing and produced slaughter animals with fewer

(P<.05) days on feed. Although daily grain intake was reduced on range,

range finished steers consumed an average of 105 kg more grain to reach

slaughter weight. Feedlot finishing increased (PC.05) quality grades

compared to range finishing. No differences were found in taste panel

acceptability. Irrigated pasture vs feedlot finishing comparisons were

affected by breed differences between trials. Late maturing Hereford-

Simmental steers in trial 1 required longer finishing periods in the

feedlot to reach desired USDA good grades. The irrigated pasture steers

were finished to a desired weight and graded standard. This resulted in

a depression of daily gains in the feedlot and doubled the grain con-

sumption. Early mature Heteford-Angus steers and heifers in trial 2 had

increased (P<.05) gains in the feedlot. Feedlot animals finished in

fewer days on feed but consumed equal amounts of grain due to higher

daily grain intakes. Taste panel acceptability was similar for treat-

ments in trial 1 even-though quality grades were different. All beef in

both trials was considered acceptable to consumers.

Fall-born calf gain was increased (P<.05) during the winter by

increased levels of energy supplementation (5% increase of NRC require-

ment). However, the gain advantage was lost on subsequent summer range.

Winter creep feeding of fall-born calves increased (P<.05) winter gains

and resulted in heavier (P<.05) weaning weights. Early weaning calves

in April onto irrigated pasture vs weaning in August off range resulted



in lower (P<.05) daily gains. However, gains on irrigated pasture were

maintained at a satisfactory level. Following the August weaning date

steer calves were either placed in a feedlot for growing and finishing

or grown on forage, wintered at two energy levels and subsequently

finished on range with limited grain. Winter yearling gains on alfalfa

hay were increased (P<.05) by 1.4 kg supplemental barley in trial 1 but

not trial 2. The difference between trials was attributed to re-

stricted hay intake in trial 1 and differences between trials in

previous nutrition. Finishing gains on range were increased (P<.05) by

increasing daily grain supplementation from 1.4 to 2.3 kg for both

trials. No differences in carcass quality or beef acceptability were

found between range finishing treatments. Feedlot finishing increased

(P<.05) daily gains and produced slaughter animals in 5 to 6 months

less time. Although range finished steers carried less finish, no

difference was found in quality grades and the range finished steers

consumed 21 to 37% less grain. Feedlot finishing increased taste panel

scores for aroma, tenderness, juiciness, flavor and overall desir-

ability.
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NUTRITION AND MANAGEMENT OF THE BEEF UNIT FOR

PRODUCTION OF SLAUGHTER ANIMALS ON RANGE AND

IMPROVED PASTURES IN SOUTHEASTERN OREGON

INTRODUCTION

Increasing human competition for grain presently being used in live-

stock production systems has stimulated a reevaluation of our current

systems of finishing slaughter cattle. Sustaining or increasing our

supply of red meat at a quality and price acceptable to both the consumer

and producer will require an increased dependence on forage resources and

a reduction in grain usage. To accomplish this goal it will be necessary

to integrate our vast quantities of range forage, existing cultivated

forages, and by-product or waste roughage sources with minimal amounts of

grain for growing and finishing beef cattle.

Production data from birth to slaughter need to be collected with

emphasis on maintaining an economical and constant rate of growth to pro-

duce a desirable quality of beef at an acceptable slaughter age and

weight. The objectives of the studies reported in this thesis were to

incorporate the various forage and roughage sources available in Oregon

into the growing and finishing phases of producing slaughter cattle.

Various management alternatives, including spring vs fall calving, wean-

ing age, preweaning nutrition, winter and summer supplementation levels,

grazing practices, and pasture vs drylot finishing were evaluated.

The journal article format was used in writing the thesis in an

attempt to report the data in the most consise and useful form. A
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detailed literature review of forage finishing systems is presented and

subsequent chapters represent individual journal articles. The first

chapter evaluates two grazing systems for improved crested wheatgrass

range and is written in the style and form of the Journal of Range

Management. The remaining six chapters are written in the style and form

of the Journal of Animal Science and include three chapters each on the

growing and finishing of either spring or fall-born beef cattle. An

overall summary is included to review pertinent results and conclusions.
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LITERATURE REVIEW

Forage finishing with limited grain vs feedlot finishing of beef cattle

Justification. The capability of the earth's land, energy and water

resources to produce food for our rapidly growing population has recently

become a point of major public concern. The earth's population of 4.0

billion people is expected to increase to 6.0 billion by the year 2000

(NAS, 1977). The resulting urban expansion will undoubtedly remove more

agricultural land from the productive base. Available water supplies for

irrigation and animal consumption will become more scarce. However, the

major concern at present is our ability to meet energy needs. It is

estimated that an increase of 100 to 150% use of fossil fuels will be

required in agriculture during the next 15 years. In the U.S., with our

current dependence on oil to supply our major energy needs, domestic sup-

plies of oil are expected to last only about 75 years.

It is apparent that the agricultural sector needs to become more

efficient in the use of our land, energy and water resources. This will

require changes in our current food production systems. Cook (1976)

reported on the cultural energy (energy that supplements solar energy)

requirements of food production and found that production of plant food

is much more efficient than production of animal food (i.e. corn 4.2 vs

feedlot beef .2) on the basis of average kilocalorie of food produced for

each kilocalorie of cultural energy expended. However, animal products

are desired by people throughout the world as indicated by the fact that

the portion of personal incomes spent on such foods increases as the

total income increases (CAST, 1980).
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The moral concern in the U.S. is should we continue to use grain for

the production of livestock? Herbivores are in the second trophic level

of the food chain and, therefore, they compete directly with man when

they consume grain. The competition for grain between man and livestock

is very limited in the U.S. mainly because of the surplus in production

beyond the demands for consumption by man and the fact that the majority

of grain consumed by livestock is not suitable for human consumption.

However, the world demand for grain is high and the grain fed to live-

stock (142 million metric tons) has a potential export value of about

$14 billion (USDA, 1979), which would certainly help in the balance of

payments deficit.

If grain were removed from livestock production systems, the

systems would be modified to include primarily herbivors. Inputs for a

grass-fed livestock system would be reduced as follows: land, 8%; labor,

34%; and fossil energy, 59% (Pimental et al., 1978). However, there

would be a loss in production of animal protein due to drastic reductions

in swine and poultry numbers and reduced yields from beef and dairy

systems. This would result in a reduction of daily animal protein intake

per capita from 70 g to 40 g. Currently, animal products supply about

69% of the daily protein consumption in the U.S., 33% of the energy and

substantial amounts of other nutrients, notably calcium, available iron,

and vitamins A and B complex (USDA, 1979). Although the reduced consump-

tion of animal products under a grass-fed livestock system would be

countered by increased consumption of grains, vegetables and high protein

plant foods, nutritional problems would increase in the lower socio-

economic groups of the U.S. that could not afford the high priced animal

products.



Currently, calcium and iron represent two nutrients that are fre-

quently below recommended daily allowances in the U.S. diet. A reduction

in consumption of dairy products, which supply 75% of the dietary calcium,

could have a deleterious effect on the calcium status of the U.S. popula-

tion. Similarly, animal products supply 70% of the available iron in the

U.S. diet. Animal products are also the only food source of vitamin B12

which is essential for normal red blood cell formation.

It is highly unlikely that the U.S. will ever switch to a total

grass-fed livestock system. However, as world grain prices increase in

response to increased demands, forage and other roughage sources will

increase in the diets of animals capable of using them. Ruminants and

more specifically beef cattle, have several production alternatives avail-

able that will maximize utilization of forage and reduce grain consump-

tion.

These systems take advantage of the vast quantities of rangeland and

cultivated forages that exist in the U.S. Over one-half of the total land

area in the U.S. is rangeland which can be used effectively for the pro-

duction of beef with a minimum of grain. These rangelands have no

alternative use for food production other than through the grazing animal

and these lands have the potential for doubling in production (Cook,

1977). Improved rangelands such as crested wheatgrass (Agropyron

desertorum) and irrigated pastures, when available, offer the producer

more alternatives for marketing and managing his cattle.

Two of the most promising alternatives appear to be maintaining

ownership of yearling cattle and growing on improved range or irrigated

pastures (Turner and Raleigh, 1977). The producer has the option of grow-

ing these cattle to heavier weights and then producing good grade slaughter
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cattle by a short full feed finishing period or by supplementing on

forage with limited amounts of grain to a similar slaughter weight and

grade. Both systems result in a considerable grain savings over growing

and finighing weaned calves in the feedlot.

Another alternative to reduce grain consumption in finishing opera-

tions is the incorporation of by-products or waste materials in feedlot

rations. An abundance of low-quality roughages exist in the U.S. includ-

ing cereal and grass straws which otherwise are a waste product creating

a disposal problem. Church and Kennick (1977) found that ryegrass straw

could be satisfactorily fed at 35 and 15% of feedlot growing and finish-

ing rations, respectively.

The alternative finishing methods discussed generally result in a

lower grading beef than feedlot finishing. However, Brady (1957)

reported on consumer preference studies and found that consumers prefer

beef of the USDA good grade and would buy more of it compared to choice

and prime beef if it were available. Berry et al. (1975) listed

additional advantages to limited grain finished beef: leaner retail

cuts; higher carcass cutability; less fat consumption by consumers; lower

cost of gain; a reduction in beef supplies; lower labor and energy cost;

no manure disposal problems; and an increased utilization of high quality

forages. However, these production systems also have disadvantages: the

current discounting of lower grading beef; discrimination against yellow

fat; reduced rates of gain; lower dressing percents; increased cooler

shrink; and increased slaughtering cost.

Regardless of finishing alternatives used it is important to con-

sider the total production cycle from birth to slaughter. The following

literature review will be concerned with management alternatives through-
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out this cycle.

Management of the cow herd. The calf is the gross annual product of

the beef cow. It is, therefore, important to understand the factors

affecting weaning weight of the calf. Weaning weight has been found to

be dependent upon birth weight, sex, age at weaning and growth rate.

Jeffrey et al. (1971) has shown that differences in growth rate of

calves are 60% explained by differences in milk yield of the cow.

Similar results were reported by Gleddie and Berg (1968).

The effect of increasing the cow's nutrition level appears to have

little effect on calf weaning weights. Neville (1974) found the ener-

getic efficiency of metabolizable energy for milk production (above the

cow's non-lactational requirements) to be only 34%. Reducing the digest-

ible energy intake of lactating cows to 85% of the NRC (1963) require-

ments had no effect on calf weights in trials conducted by Turner et al.

(1970). The recommended NRC (1963) levels for digestible energy were

over estimated in 1963 and have since been reduced to a level similar to

the 85% treatment (NRC, 1976). However, the higher energy level in these

trials had no effect on increasing weaning weight of calves. Similar

results were reported by. Foster and Raleigh (1973a).

Calving season has also been shown to have an effect on pounds of

calf weaned per cow. Fall calving has generally been considered suitable

for the warmer south and southwestern region of the U.S. and spring calv-

ing preferred in the cooler northern regions. However, Raleigh at al.

(1970a) and Mueller and Harris (1967) have shown definite advantages to

fall calving in the northern region. The major advantage cited is the

fact that the fall-born calf is 5 to 6 months of age when turned onto

range compared to 1 month old spring-born calves. This larger calf can



8

derive more benefit from the high quality spring forage. Raleigh et al.

(1970a) reported increased weaning weights of 78 kg for fall-born calves

due to the calf remaining on the cow 107 days longer than is practical

for spring-born calves. No difference was found in conception rates

between spring and fall calving cows, however, fall calving cows weaned

3% more calves due to a reduction in calf scour and pneumonia. Fall

calving cows had increased wintering cost, but the 78 kg increased wean-

ing weight resulted in an increased net-return over spring calving.

Kartchner et al. (1979) reported on the spring and summer forage

requirements of spring vs fall calving cows. Spring and fall calving

cows consumed similar amounts of forage with evidence that both groups

consumed forage to capacity. The fall cows gained more weight, but the

spring cows produced more milk, resulting in similar energy expenditures.

Fall-born calves consumed significantly more forage than spring-born

calves, resulting in a 25% increase in forage production for the fall cow-

calf pair.

Preweaning calf nutrition. Direct supplementation of the calf by

creep feeding has been shown to be more beneficial than supplementing the

cow to increase weaning weights. Spring-born calves are seldom creep fed

under range conditions due to the vastness of the range, scattered water

holes and the physical limitations of maintaining and filling creep

feeders. Foster and Raleigh (1973a) found creep feeding of fall-born

calves during the winter increased calf gains and resulted in signifi-

cantly heavier calves by weaning. Summer creep feeding increased calf

gains but to a lesser degree. All creep treatments resulted in positive

returns over feed cost. However, Ward (1970) reported that although wean-

ing weights were increased by creep feeding, the economics depend on the
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market value of calves to feed cost relationship. Reduced postweaning

gains by creep fed calves should also be considered if calves are to be

sold as yearlings. Ray et al. (1968) found significantly increased calf

gains from creep feeding but the increased value of creep fed calves was

not sufficient to cover creep feed cost.

Creep feeding may also have a negative effect on cow performance.

Foster and Raleigh (1973b) reported increased weight losses and lower

conception rates for cows with creep fed calves. They concluded that the

adverse effect of creep feeding on the cows was caused by an increased

demand for milk by the creep fed calves.

Weaning time or weaning age of calves has a significant effect on

calf gains and weaning weight. Milk production of the spring calving

cow and calf gains start to decline about mid-July under high desert

range conditions due to the steady decline in forage quality following

maturity in early July. Wallace and Raleigh (1961) found that weaning

spring-born calves in mid-September vs mid-October resulted in greater

gains during a 70-day postweaning period. Early weaned calves adjusted

to the weaning transition period more readily, went on feed faster and

had a higher return over feed cost. However, late weaned calves par-

tially compensated with higher gains during the wintering period.

Raleigh (1970) reported that calves will do little more than maintain

themselves past September 1 on range.

Similar results were reported by Richardson et al. (1978). Calves

were weaned at 120 vs 210 days of age with early weaned calves placed on

ground corn-protein free choice. Early weaned calves had heavier 210-day

weights in 5 out of 6 years. However, when pasture conditions were good,

calves gained similarly regardless of weaning age. Late weaned calves
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gained more postweaning resulting in equal yearling weights between treat-

ments. Cows that had calves weaned early gained more between 120 and 210

days which was associated with increased live calf percent and shorter

calving intervals, but resulted in increased calving difficulty.

Lowman et al. (1978) compared April vs 100 days later weaning of

fall-born calves. Early weaned calves grazed forage similar to late

weaned cows and calves. Late weaned calves gained significantly more dur-

ing the last 100 days resulting in heavier final weights.

Winter nutrition. Following weaning in a complete production cycle,

calves must be fed through the winter. Knowledge of winter gains and

nutritional regime are important in evaluating subsequent spring and

summer pasture gains of spring-born yearlings.

Castle (1961) found that rate of winter gain together with length of

wintering period has a significant negative effect on subsequent summer

gains. However, calves restricted to limited winter gains, were con-

siderably lighter at the end of the summer grazing period. Horton and

Holmes (1978) reported that steers from a previous low level of winter

gain had significantly increased daily gains during the first 8-weeks of

realimentation. Compensatory growth paralleled increased intakes and no

differences were found in forage digestibility due to previous winter

treatment. Recovery on grass over 24 weeks accounted for 55% of the

weight difference at the start of the grazing period. O'Donovan et al.

(1972) found compensatory gains by steers from previous lower winter

planes of nutrition were the result of significantly higher feed intakes.

A similar inverse relationship exists between winter gains of fall-

born yearlings and subsequent pasture or feedlot finishing gains.

Peacock et al. (1964) found an inverse relationship between winter gains
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and subsequent feedlot gains and feed efficiency. However, winter gain

was positively related to total winter and finishing gain, dressing per-

cent and carcass quality. Lower winter gains resulted in an increased

time in the feedlot to reach similar slaughter weights and grade. Meyer

et al. (1965) found similar compensatory gains during the finishing

phase for steers from previous lower planes of nutrition and attributed

them to increased intakes and feed efficiency. Fox et al. (1972)

reported that compensatory gains in the feedlot were due to increased

efficiency in energy and protein utilization. Compensatory steers

required a longer feeding period to reach similar slaughter weights but

required only slightly more metabolizable energy and less protein to

reach slaughter weight.

Raleigh and Wallace (1963) stated that weaner calves will generally

do little more than maintain themselves on meadow hay alone. Gains up to

about .68 kg per day are desirable during the wintering period. Protein

and energy supplementation have been shown to increase weaner calf gains

on meadow hay (Raleigh and Wallace, 1964). Performance was greater on

early vs late cut meadow hay and late cut hay required higher levels of

supplementation.

Comparing meadow hay and barleyin wintering rations for winter-

ing weaner calves resulted in a 3 to 5 supplementation ratio of barley

for hay (Raleigh and Wallace, 1968). The high roughage treatment where

hay supplied maintenance energy needs and barley the energy for .68 kg

per day gains resulted in increased daily gains and reduced cost per unit

gain compared to the low roughage diet where hay supplied one-half the

maintenance energy needs and barley the remaining maintenance and energy

for .68 kg per day gains. These results indicate that meadow hay is more
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efficient than barley in meeting the winter maintenance needs of weaner

calves. Returns over feed cost were the highest on the high roughage

treatment when sufficient protein and energy supplementation were pro-

vided to produce daily gains of .64 kg. However, this is dependent on

the feed cost and market value of animals. Raleigh et al. (1970b) found

that winter gains up to .68 kg per day had no effect on subsequent summer

gains.

The preceding review indicates that a net income above feed cost can

be realized by supplementing calves during the winter to gain .68 kg per

day. Additionally, economic summer gains can be made when weaner calves

have made economical winter gains. This allows the producer the option

of retaining ownership of weaned calves through the winter to be sold as

light feeders or retaining ownership through the summer and selling as

heavy feeders.

Growing yearlings on range and improved pastures. Optimum range

livestock production first requires a quantitative and qualitative inven-

tory of available forage resources throughout the growing season. The

forage resources then need to be matched with the class and requirements

of animals to maximize forage utilization and animal production.

Unfortunately, the forage on semi-arid ranges all matures at about

the same time with little difference in quality between species. Mid-

June becomes a critical time for range livestock operations as forage

quality is decreasing with increasing maturity so that both protein and

energy become limiting for econimical production. Yearling steers will

gain .9 kg or more per day during May and June, about .7 kg during July,

less than .5 kg in August and little or no gain after September 1

(Raleigh, 1970).
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Raleigh (1970) evaluated the native range and improved crested wheat-

grass ranges of eastern Oregon and found that protein becomes limiting in.

mid-June and energy in late June to produce daily gains for yearling

steers of 1 kg. A supplement schedule was then developed to supply de-

ficient nutrients as forage matured to maintain daily gains of .9 to 1.15

kg. Additionally, it was found that early in the growing season, dry

matter intake was limiting when moisture exceeded 60%. Supplemental

energy supplied by .3 kg barley early in the growing season increased

daily gains by .2 kg per head. Data also indicated that it was economic-

ally impractical to supplement beyond mid-August as higher levels of

supplement to account for the decreasing forage quality resulted in a

reduction of forage intake.

Wallace et al. (1963) found that both energy and protein supple-

mentation increased yearling gains on crested wheatgrass range. Energy

supplementation was more favorable when forage was somewhat limiting or

when dry matter content of forage was relatively low. Protein supple-

mentation was more effective in the latter part of the growing season.

Raleigh and Wallace (1963) found increased yearling gains with protein

and energy supplementation over crested wheatgrass alone. However,

supplementing to produce daily gains of 1.13 kg had no advantage over

supplementing for daily gains of .9 kg as the higher level of supple-

ment apparently reduced forage intake.

Denham (1977) found increased yearling gains on blue grama and

western wheatgrass pastures from energy supplementation. However,

successive increments of energy supplementation had a decreasing effect

on daily gains. Data indicated that supplemental energy above 2.6 Mcal

per day was of little value for increased gains during an extended grazing
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period. Increased energy supplementation resulted in a reduction of sub-

sequent drylot gains. Coleman et al. (1976) and Lake et al. (1974)

found gains to be closely related to supplement levels on St. Augustine

grass and irrigated pasture, respectively. Pasture gains had no effect

on subsequent drylot gains although higher levels of pasture gain reduced

the time required to reach slaughter weight. Perry et al. (1971 and

1972) agreed with Denham (1977) and reported a negative correlation

between pasture and subsequent drylot gains.

The data reviewed indicate that supplemental energy from grain will

increase pasture gains with initial increments showing the greatest

response. Increased pasture gains may or may not have an effect on sub-

sequent drylot gains. The response of cattle probably depends on the

forage source, rate of pasture gain and weight of cattle entering the

drylot phase.

Various protein sources have been supplemented satisfactorily under

range conditions. Soybean meal (Denham, 1977), cottonseed meal (Raleigh,

1970) and non-protein nitrogen have been used successfully by researchers

for cattle consuming forage diets.

Raleigh and Turner (1968) supplemented biuret, urea and cottonseed

meal for growing heifers on range with and without additional energy.

Biuret increased daily gains over the cottonseed meal or urea treatments

with the low energy level. On the high energy level biuret was equal to

cottonseed meal and superior to urea as a nitrogen source. Turner and

Raleigh (1969) found that cottonseed meal vs biuret or urea increased

daily gains of weaners on free choice meadow hay. However, biuret and

cottonseed-meal in combination appeared to enhance the utilization of

both.
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Biuret is a condensation product of urea that has been shown to be

non-toxic for ruminants (Berry et al., 1956) and more palatable than urea

(Hatfield et al., 1959). Fonnesbeck et al. (1975), in a review of

biuret, stated that plant proteins generally give a better response than

non-protein nitrogen. However, when biuret replaced part of the supple-

mental protein or was used to supplement low quality roughages, biuret

supplementation resulted in satisfactory animal performance. Biuret has

been effective when included in range protein supplements (Probert and

Lesperance, 1972) and under feedlot conditions for high silage rations

(Meiske et al., 1969). Biuret appears to be most beneficial under range

livestock conditions and especially when forage is low to marginal in

protein.

Finishing on range and improved pastures. Cattle entering the

finishing phase from forage growing systems generally weigh more and carry

some degree of finish. Various methods of finishing have been researched

with emphasis on maximizing forage utilization and minimizing grain con-

sumption. Alternative finishing methods include all forage diets (Utley

et al., 1975), limited grain on pasture (Bohman et al., 1978) or short

full feed finishing on pasture or in drylot (Bowling et al., 1978).

Utley et al. (1975) compared all-forage finishing to a traditional

high energy finishing diet. Forage finishing resulted in a reduction of

daily gains, dressing percents, marbling scores and backfat cover but

increased yield grades. When both treatment groups were fed to equal

slaughter weights, no differences in quality grades were found between

treatments with all beef grading average to high good. This resulted

in the all-forage finishing system yielding a higher return over cost.

Oltjen et al. (1971) fed an all-concentrate corn base diet, an all-forage
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(alfalfa) diet, all-concentrate followed by all-forage diet and an all-

forage followed by all-concentrate diet. All steers were fed to equal

slaughter weights. The all-concentrate diet increased daily gains in car-

cass quality followed by the all-forage--all-concentrate diet. In a

separate trial, alfalfa and timothy hay were compared as roughage sources

in all-forage diets. Increasing increments of timothy replacing alfalfa

resulted in decreased daily gains and feed efficiency.

Dinius et al. (1978) found no difference in all-forage finishing

treatments due to ground, pelleted or dehydrated alfalfa. However, ground

alfalfa resulted in increased gains over an orchardgrass treatment. Cross

and Dinius (1978) reported on the palatability of beef produced in the

trials reported by Dinius et al. (1978). Steers finished on ground

alfalfa had higher marbling scores and quality grades than steers finished

on dehydrated alfalfa and higher marbling scores than steers finished on

pelleted alfalfa. Steers finished on alfalfa produced meat that was more

tender, juicy and intense in flavor than steers finished on orchardgrass.

Several other researchers have compared various limited grain fin-

ishing systems to either forage or feedlot finishing. Raleigh et al.

(1967) compared short finishing (90 days) of steers from previous range

growing trials on either range with 1.75% of body weight supplemental

barley or in drylot on free choice meadow hay and 1.75% supplemental

barley. Steers had increased gains in drylot but no differences were

found in carcass quality with all steers grading good or better. Bohman

et al. (1978) found similar results. Steers that had been wintered on

forage and grown on native range the following summer were increased from

a standard to good grade by 90 -days of supplemental grain at 1% of their

body weight. Turner and Raleigh (1977) finished steers from previous
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range growing trials either by 90 days of grain on range, 90 days in the

feedlot, 90 days of grain on range followed by 65 days in the feedlot,

155 days in the feedlot or irrigated pasture for 90 days followed by 115

days in the feedlot. Continuous growth from birth was necessary for range

supplemented animals to reach desired slaughter weights at an acceptable

age. Range steers weighed less, gained less and graded lower than the

various feedlot systems but consumed only 34 to 76% as much grain and pro-

duced a majority of good grading beef. Whittington et al. (1977) finished

steers from previous crested wheatgrass and irrigated pasture trials by

working up to a full feed of grain on their respective pastures. Irri-

gated pasture steers had increased gains, but this may have been in com-

pensation for reduced summer gains. Steers finished on crested wheatgrass

consumed more grain, had heavier carcasses and higher quality grades.

Utley and McCormick (1976) compared corn and grain sorghum in drylot

or on rye pastures with rye pastures alone. Gains were similar in drylot

and on pasture for both grains. However, drylot steers had increased

daily gains over pasture alone. The use of pasture reduced grain consump-

tion by 38% but reduced quality grades from high to low good compared to

drylot finishing.

From this review it is apparent that many finishing alternatives

exist and that increased grain consumption generally results in faster

gains and high quality grades. However, the objectives of forage finish-

ing systems should be to minimize grain consumption and produce an

adequate supply of beef acceptable to the consumer. Bowling et al.

(1978) states that the best management systems to accomplish these objec-

tives is to obtain maximum growth and frame on forages followed by a short

term (100 to 120 days) drylot finishing period.
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Consumer acceptability. Brady (1957) reported on consumer preference

studies and concluded that the public prefers beef of the USDA good grade

and would buy more of it compared to choice and prime beef if it were

available. Kidwell et al. (1959) and Francis et al. (1977) have shown

that tenderness and flavor of muscle and fat is not highly associated

with carcass grade. Additionally, Bowling et al. (1978) reported that the

association between marbling and tenderness is relatively low (R
2

= .09).

Consumer acceptability comparisons of forage, forage plus limited

grain and feedlot finished beef are limited and the results have been

variable. Bowling et al. (1977) found forage finished beef to be less

tender, contain greater quantities of connective tissue and have a lower

overall desirability than grain finished beef even though they were

finished to similar grade and weight. Ringkob et al. (1978) found that

barley supplementation on range increased quality grades, resulting in a

more tender and overall desirable beef than all-forage finishing. Reagan

et al. (1977) reported increased marbling and quality scores for grain vs

all-forage finished beef. Flavor and overall desirability were increased

by grain feeding, however, no differences were found for juiciness and

tenderness. Concluded that consumer acceptable beef can be produced

utilizing high levels of forage if fed to a minimum good grade. Young and

Kauffman (1978) finished steers on either grain, corn silage or haylage-

corn silage. All steers were slaughtered upon reaching a minimum of 1 cm

backfat determined with an ultrasound device. Taste panels found no

difference between treatments for tenderness, juiciness, flavor and over-

all desirability when steers were fed to similar levels of carcass com-

position rather than weight.
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In one of the more extensive consumer acceptance studies, Schupp

et al. (1979) finished steers and heifers either on forage alone, with

limited grain (.i5 to 1.0% of body weight) or in the feedlot (63 to 140

days) over a 3 phase (year) trial. Consumer acceptance of steaks and

roast were evaluated by purchaser, household and trained taste panels.

Increasing grain levels increased daily gains, fat thickness, quality

grades and dressing percent and reduced shrink.

Volunteer purchaser responses found beef from forage, forage plus

grain and feedlot finishing treatments to be equally acceptable. Many

considered the forage finished beef under priced. The household panels

found significant differences between forage and grain finished beef for

tenderness in phase 1, tenderness, flavor and juiciness in phase II and no

differences in phase III when animals were fed to similar slaughter

weights. Even though differences were found in phase I and II, the

differences were small and all ratings were in the favorable zone of the

hedonic rating scale. The trained taste panel found that when animals

were fed to weights of 450 to 475 kg (Phase I and III), forage finished

beef was at least equal in quality to feedlot finished beef. In phase II,

forage fed animals were significantly lighter than feedlot animals and

received lower taste panel scores.

The review of consumer acceptability reports indicates that although

forage and forage plus limited grain finished beef is not as palatable as

feedlot finished beef, these systems will produce an acceptable quality

of beef with substantial savings in grain.

Post slaughter treatment. Since research has shown that beef of the

USDA good grade can be produced economically on high forage diets, several

recent reports have been concerned with improving the palatability of



20

lower grading beef.

Tenderization techniques useful for beef that have been researched

include electrical stimulation (Savell et al., 1978, and Schroeder et al.,

(1978), pelvic suspension (Smith et al., 1979) high temperature chilling

(Bowling et al., 1977) and carcass insulation (Ray et al., 1978).

Electrical stimulation has been shown to accelerate carcass pH

decline, hasten rigor development and reduce shear force test resulting in

increased taste panel scores for tenderness and overall desirability in

light weight-lower grading carcasses (Savell et al., 1978). Schroeder

et di. (1978) reported lower carcass temperatures the first 48 hours post-

slaughter for forage vs grain fed beef. The lower temperature is due to

less fat cover and is associated with "cold shortening" or a reduction in

sarcomere length. Grain fed beef had lower shear force values and higher

taste panel ratings for tenderness, juiciness, flavor, and overall palat-

ability. Electrical stimulation lowered shear force values, increased

tenderness and improved overall desirability of forage finished beef.

However, electrical stimulation had no effect on grain fed beef.

Smith et al. (1979) found reduced shear force scores and increased

tenderness scores of loin steaks for electrical stimulation and pelvic

suspension treatments of forage finished beef. Sarcomere length was in-

creased by electrical stimulation, electrical stimulation plus delayed

chilling, pelvic suspension plus delayed chilling and by all three in com-

bination. However, Ray et al. (1978) found no difference in sarcomere

length due to electrical stimulation, high temperature chilling or carcass

insulation. However, carcass temperature was higher 6 and 12 hours post-

mortem for insulation, insulation plus electrical stimulation and high
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temperature chilling treatments.

Electrical stimulation and insulation also resulted in lower carcass

pH 24 hours postmortem. The warmer temperature from these treatments

enhances anaerobic glycolysis (glucose to lactic acid) in.the muscle and

therefore autolytic proteolysis.

From this review it is apparent that various treatments to increase

tenderness are not acting singularly by reducing cold shortening as Ray

et al. (1978) found increased tenderness from various treatments but no

reduction in sarcomere length. The suggested possibility is that the

increased temperatures and reduced pH enhance autolytic proteolysis and

possibly result in a physical disruption of muscle tissues.

Summary. Major conclusions to be derived from this literature review

are that consumer acceptable beef can be economically produced from several

alternative methods. However, it is important to maintain a constant rate

of growth from birth to slaughter to obtain maximum growth on roughages

and reduce finishing periods. The total production cycle needs to be con-

sidered including calving date, cow nutrition, preweaning calf nutrition,

weaning age, winter rate of gain, pasture gains and slaughter age and

weight.

Additionally, forage finishing systems are not going to replace our

current feedlot finishing system. They simply offer production alterna-

tives. Currently, feedlot systems will continue to produce the majority

of our beef. Major increases in forage finishing systems will depend on

the consumers acceptance of lower grading beef and the economics of feed-

ing grain to livestock. Future work needs to continue in production

systems, consumer acceptability of beef and the economics of production so
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that the agricultural industry can adapt rapidly to changes in our food

production systems.
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ABSTRACT

Thirty, spring-born, yearling steers of Hereford-Angus breeding were

used to compare continuous vs short duration grazing of crested wheat-

grass range in trials conducted over two successive years. Grazing

fields to remove the top 30% of available forage and then moving to a

fresh field increased (P<.05) daily gains of steers compared to con-

tinuous grazing. However, the response came late in the grazing season

with no apparent advantage for short duration grazing earlier in the

grazing season. The effects of grazing treatments on forage yields and

quality resulted in several management implications. These implications

and further research needs are discussed.
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INTRODUCTION

Improved crested wheatgrass ranges of eastern Oregon have a growing

season of April, May and June. The forage is of high nutritive value

early in the season but decreases rapidly in digestible protein and

energy with increasing maturity. Young, rapidly growing animals can

best utilize the early season high quality forage and yearling steers

will maintain daily gains of 0.8 kg or better through mid-June (Raleigh,

1970). After this time, gains decrease with decreasing forage quality.

Crested wheatgrass has the additional problem of development of

stiff, unpalatable culms and a high stem to leaf ratio with increasing

maturity. However, Hyder and Sneva (1963) have shown that adjusting

stocking levels to achieve close grazing in late May, while plants are

in the boot state, will reduce formation of reproductive shoots and

stimulate vegetative tillering.

A successful grazing management plan should consider seasonal qual-

ity of forage resources, adapt them to animal requirements and maximize

animal production without adversely affecting long term forage produc-

tion. Van Poollen and Lacey (1979) reviewed specialized grazing systems

on western ranges and concluded that they increased mean annual forage

production by 13% compared to continuous or season-long grazing. Reduc-

ing stocking levels had an even greater effect. Additionally, Allison

and Kothmann (1979) found that at lower stocking levels, animal's

selectivity for high quality diets increased.

The objectives of the current trials were to develop a grazing

program to achieve maximum yearling gains and maximize utilization of
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early season high quality forage without adversely affecting long-term

forage production.
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METHODS

Study Area

The study area consisted of two crested wheatgrass (Agropyron

desertorum) ranges located on the Squaw Butte Experimental Range approxi-

mately 60 km west of Burns, Oregon. Mean elevation is 1375 m and annual

precipitation is 30 cm. About 70% occurs as snow in winter and the

remainder as rain during the growing season of April, May and June.

The ranges consisted of 29 and 62 ha with the larger site divided

into 5 fields of 6.5 to 28 ha in size. Both ranges have approximately

equal production capabilities based on past use records.

Study Animals

Thirty, spring-born, yearling steers of Hereford-Angus breeding were

used as study animals in each of two trials during the spring and summers

of 1978 (Trial 1) and 1979 (Trial 2). Steers had initial mean weights

of 281 and 260 kg for Trials 1 and 2, respectively. Steers were assigned

to grazing treatments by weight and previous winter treatment.

Previous winter treatments consisted of two levels of energy supple-

mentation with ad libitum alfalfa hay (IRN 1 00 063) in Trial 1 and

bluegrass straw (7.6% crude protein) in Trial 2. Daily supplements con-

sisted of 0 or 1.4 kg barley and 0.i kg barley - 0.1 kg biuret or

1.4 kg barley - 0.1 kg biuret for the low and high levels of supplemen-

tation in Trials 1 and 2, respectively. Daily gains were similar during

both previous winter trials with the higher level of supplementation

increasing daily gains by 0.2 kg.
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Treatments

Experimental treatments consisted of two grazing practices on

crested wheatgrass range to determine their effects on performance of

yearling steers and to determine the effects of grazing on forage yields

and quality. Continuous (C) or season long grazing was used on the

29 ha range site as a control grazing treatment. A specialized grazing

treatment, designated as short-duration grazing, was used on the 62 ha

range site.

Short duration grazing (S) was designed to remove the top 30% of

forage available at the time steers were placed in the pasture and then

moving to a fresh pasture, a design that should increase the animal's

selectivity for higher quality forage parts. Movements were based on

hand clipping estimates of forage production and estimated consumption

of steers based on steer weight and percent of body weight intakes. The

5 fields on the S treatment were 9, 9, 6.5, 9 and 28 ha in size and were

grazed in the listed order with the largest field last to insure suffi-

cient forage for completion of the trials.

Steers started treatment during both trials in early May as forage

production reached 225 kg/ha as recommended by Sharp (1970). A daily

supplement schedule of barley and biuret developed at Squaw Butte

Experiment Station (Table 1) was fed during the grazing season to insure

gains of .85 kg or better (Raleigh, 1970). Initial and final steer

weights were taken in Trial 1 with addition weights at 28-day intervals

in Trial 2. The trials were terminated by August 15 of both years as

higher levels of supplement necessary to account for the decreasing

forage quality result in reduced intakes of forage.
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Table 1. Daily supplement schedule for yearling

steers grazing crested wheatgrass range

Trials 1 and 2

Period Nitrogenl Digestible Energyl

(g) (kcal)

Start - 6/15 7.8 1640

6/16 - 1/17 13.2 1640

6/18 - 6/19 15.0 1640

6/20 - 6/25 16.9 1640

6/26 - 7/2 24.1 1640

7/3 - 7/9 28.3 2133

7/10 - 7/16 34.3 2625

7/17 - 7/23 39.5 2954

7/24 - 8/4 44.9 4100

8/5 - end 48.8 4920

1
Biuret and barley were used as supplemental sources of

nitrogen and digestible energy, respectively. While

supplemental nitrogen was not considered necessary until

6/16, the barley supplied small amounts as indicated.
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Forage Measurements

Forage yields in both trials were estimated by hand clipping 20,

1 m
2
quadrats in each S treatment field before and after grazing and in

the C treatment field at monthly intervals. In trial 2 and additional

5 quadrats were clipped at monthly intervals in each of four 90 m
2

exclosures randomly located on each of the two study ranges.

Forage samples were weighed fresh, dried in a forced-air oven (800C)

for 48 hours, weighed dry and reported as kg/ha. Samples were composited

for each field and each exclosure by clipping date, ground through a

Wiley mill, sub-sampled and subsequently analyzed for Kjeldahl-N. Nitro-

gen concentrations were reported as crude protein (N x 6.25).

Statistical Analysis

Animal performance data were subjected to least squares analysis of

variance with differences in treatment means determined by using

Student's t test at P<.05 (Steel and Torrie, 1960). Polynomial curve

fitting was used to describe response curves for forage yields, crude

protein percent and yields, and animal growth rates across time

(Snedecor and Cochran, 1972). Forage curves represent the period of

March 15 (day 1) through September 15 (day 180) and animal curves repre-

sent the period of May 5 (day 50) through August 15 (day 150).

RESULTS

Forage Response

Polynomial equations for the response across time of forage yield

between years and treatments and the effects of grazing on forage yield,
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crude protein content, and crude protein yield are presented in tabular

form (Table 2) to support the subsequent discussion of response curves.

Variation in precipitation patterns between the two years of this study

resulted in considerable differences in forage production (Fig. 1).

Precipitation for 1978 and 1979 totaled 28.0 and 32.0 cm, respectively,

which are similar to the 30 year average of 29.7 cm. However, in 1978,

March, April and May precipitation totaled 4.4 cm compared to 2.1 cm for

1979 and 3.0 cm for the 30 year average. This resulted in a 2 to 3 week

longer growing season and 130% of the average forage production in 1978

compared to 1979, which represents 90% of the average forage year.

A comparison of ranges was made in 1979 from the exclosure clipping

data (Fig. 2). Forage yields were greater on the S treatment site.

However, the lower forage yields on the C treatment site should not have

had an effect on steer performance because dry matter intake was never

limited at the stocking level used in these trials.

The S treatment was designed to graze 30% of the available forage

at the time steers were moved onto a field. Grazing at this level had

little effect on forage growth rates early in the growing season as

differences between (U) and after (G) grazing forage yields in Trials 1

(Fig. 3) and 2 (Fig. 4) were accounted for by estimated steer consump-

tion. However, as moisture became limiting and forage growth rates

slowed, the difference in U and G increased. This response came later

in Trial 1 due to the above average spring precipitation. As moisture

became limiting, grazing reduced forage growth rates and this effect was

greater during the drier year of 1979. Trampling and increased leaf

shatter from grazing after forage matured also had a role in increasing

the difference between U and G forage yields.
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Table 2. Polynomial equations for forage yield and quality

responses across time

Equation' R
2

P value

Forage yield (ig/ha)

1978 Y = 180.405 17.3378 x + .6781 x
2

.0048 x
3

.97 <.001

+ .0000097 x
4

1979 Y = 182.214 - 15.1156 x + .4806 x
2

.00236 x
3

.99 <.001

Range site yield2 (kg/ha)

C Y = - 1247.052 + 37.633 x .17084 x
2

.93 .06

S Y = - 1125.208 + 36.645 x .16718 x
2

.99 <.001

Forage yield3, ungrazed (U) vs grazed (G), (kg/ha)

1978 (U) Y = 94.348 8.112 x + .40893 x
2
- .001-8 x

3
.97 <.001

(G) Y = - 785.004 + 32.031 x .1879 x
2
- .00044 x

3
.99 <.001

1979 (U) Y = 182.203 - 15.114 x = .4806 x
2
- .00236 x

3
.99 <.001

(G) Y = - 6917.72 + 241.326 x 2.484 x2 + 00811 x3 .94 .06

Crude protein (%)

(U) Y = 23.4288 - .2585 x = .00083 x2 .97 <.001

(G) Y = 24.6898 - .2973 x + .00103 x2 .99 <.001

Crude protein yield (kg/ha)

(U) Y = - 35.1951 + 2.3516 x - .01237 x2 .67 .11

(G) Y = 358.428 + 14.0119 x .15044 x2 - .000496 x
3

.97 .02

= days with day 1 being March 15.

2
Continuous and short duration grazing represented by C and S, respectively.

2
Ungrazed and grazed represented by U and G, respectively.
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Forage yields increased on the G treatment in August for. Trial 2

(Fig. 3). This upswing in forage yields was in response to regrowth

from August precipitation levels 3-fold greater than average. Grazing

regrowth increased substantially compared to non-grazing.

Grazing decreased the crude protein content of forage on the S

treatment for Trials 1 and 2 combined (Fig. 5). Steers were able to

select for the higher quality forage parts (leaves) throughout the

grazing season. Combined crude protein yields (Fig. 6) before and after

grazing for trials 1 and 2 are largely a function of forage yields and

have very similar response curves. The increasing difference between

grazed and ungrazed forage for crude protein yields after maturity was

the result of both increased leaf shatter from grazing and the selec-

tivity by animals for the higher quality forage parts. Regrowth in

August of 1979 resulted in a large increase in crude protein yield with

the greater response occurring on grazed forage.

Animal response

The S treatment increased (P<.05) daily gains during both trials,

but did not significantly affect final weights due to the short length

of the grazing periods (Table 3). Steers had greater daily gains on the

S treatment regardless of the previous winter treatment. However, most

of the difference between C and S treatments was accounted for by steers

from the previous high energy winter treatment. Steers from the pre-

vious low energy winter treatment made compensatory gains during the

grazing season which reduced the effects of the grazing treatments.
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Table 3. The effects of grazing treatment on yearling

steer performance

Item

Trial

Continuous Short duration

Trial 2

Continue Short duration

No. of steers
1

15 15 15 13

Grazing Period, days 105 105 97 97

Initial wt, kg 281.8+33.7 280.4+30.3 259.1+26.4 260.9+22.9

Final wt, kg 376.5+33.0 386.2+31.9 364.3+27.8 373.7+18.4

Gain, kg 94.7+19.5a
2

105.7+11.3b 105.2+8.8a 112.8+7.7b

Daily gain, kg .90+19a- 1.01+11b 1.08+.09a 1.16+.08b

1
Two steers died of unknown causes on the short duration grazing treatment in

trial 2.

214eans within trials follows by different letters differ significantly (P<.05).
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Additional steers weights at monthly intervals in trial 2 and form-

ulation of polynomial equations for rate of gain and steer weights across

time (Table 4) allowed for a better interpretation of the effects of the

two grazing treatments on animal performance. Daily gains were decreased

(P<.05) on the S treatment compared to the C treatment during May and

June. However, as forage matured, the increased selectivity by steers

on the S treatment resulted in significantly greater daily gains for the

remainder of the grazing period. These results show that the S treatment

had no effect on steer performance early in the grazing season as the

steers on the C treatment also had access to an abundance of high quality

forage.

The S treatment produced heavier steers by the end of the grazing

period (Fig. 8). However, the weight advantage came late in the study

due to the depressed daily gains early in the grazing season.

DISCUSSION

The results of these trials provide several management implications

for crested wheatgrass range. Crested wheatgrass is characterized by

culmed vegetative shoots which arise from axillary buds of old stem

bases. Before the initiation of internode elongation, a number of

leaves arise and reach maturity in early April. These leaves can be

grazed before internode elongation without affecting leaf expansion. With

subsequent internode elongation the apical meristem and culm leaves are

elevated. Removal by grazing at this time stops leaf and shoot growth.

New growth then requires vegetative tillering from axillary buds.
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Table 4. Polynomial equations for steer rate of gain and

weight responses across time

Equation R
2

P Value

Steer weight
2

, (kg)

C Y = 179.748 + 1.6139 x - .00245 x
2

.99 <.001

S Y = 219.197 + .4944 x + .00376 x
2

.99 <.001

Rate of gain, (kg/day)

C Y = - 2.006 + .06097 x -.00028 x
2

.99 <.001

S Y = - 1,528 + .04545 x - .00018 x
2

.87 <.001

x = days starting with day 50 being May 5.

2
Continuous and short duration grazing represented by C and

S, respectively.
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Differentiation of some shoot apices to reproductive shoots occurs

in early May and is preceded by rapid elongation of the shoot apex.

Hyder and Sneva (1963) concluded that stocking to achieve close grazing

about May 20 to 25 while the heads are in the boot state, will stimulate

tillering of new vegetative shoots. This is dependent upon removal of

the shoot below the rudimentary inflorescence, otherwise the reproduc-

tive shoots will continue to grow with no further leaf development.

The S treatment of the current studies was designed to achieve

maximal animal gain from the early season, high quality forage with

little regard for its affects on total forage production. Removal of

30% of the forage from fields early in the season would not be suffi-

cient to stimulate tillering. Therefore, it would be critical to the

grazing management plan to follow the S treatment steers with other

animals to achieve_ close grazing in late May to early June. This would

have the added advantage of maximizing nutrient harvest, limiting dry

matter loss to leaf shatter and allow for a potentially increased re-

growth depending on the amount of moisture present. This is demon-

strated in the differences between trials 1 and 2 in the amount of

forage remaining after grazing (Fig. 3 and 4). In trial 1, sufficient

moisture was present to stimulate tillering and forage continued to

grow. However, in trial 2, moisture was limiting in June so grazing did

not stimulate any vegetative tillering. Ungrazed forage continued to

grow with the development of reproductive shoots.

Although the S treatment resulted in a significant increase in

overall daily gains, the daily gains were depressed early in the grazing

season (Fig. 7). No difference was expected between gains early in the

season as steers on both the C and S treatments had access to an
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abundance of high quality forage. The S treatment steers were stocked at

higher levels but for short periods of time. Allison and Kothmann (1979)

reported that at lower stocking levels animals have increased selectivity

as evidenced by an increase in in vitro digestibility of organic matter

and crude protein of cattle diets. However, this appears not to have

been a problem as steers on the S treatment selected higher quality

forage parts throughout the grazing season (Fig. 5). Although increased

pasture area in the C range may have been a factor, the depressed gains

are more likely the result of increased animal movements early in the

season. The S treatment fields were small early in the season (6.5 to

9.0 ha) and the movements were frequent (8 to 17 days). The movements

were usually early in the morning, a peak grazing time, and steers would

habitually walk a new field, further reducing grazing time and expending

energy with increased activity.

The results of these trials indicate that the S treatment response

comes after forage has matured and nutritive value is declining.

Further research is needed to better interpret what appears to be a

potentially promising grazing practice. Intake studies, digestion

trials and long term forage measurements would answer questions on the

degree of increased selectivity afforded animals and the effects of the

grazing treatment on forage production.

It is the authors' hypothesis that altering the grazing treatment,

to include continuous grazing in a larger field through mid-June and

then start short duration grazing of fields to increase the animals

selectivity, would increase animal performance to a greater degree.

Additional advantages would be a reduction in frequency of animal move-

ments and the omission of the need for follow up grazing to stimulate
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tillering and reduce reproductive shoots. However, a planned pasture

rotation system would need to be developed so that the same fields would

not always be deferred in the spring. This would result in a deferred

rotational system including short duration grazing from mid-June to mid-

August.
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GROWING AND FINISHING SPRING-BORN BEEF CATTLE WITH A MINIMUM OF GRAIN.

I. CRESTED WHEATGRASS RANGE AND IRRIGATED PASTURE FOR

GROWING YEARLINGS
1

'

2

D.A. Daugherty, H.A. Turner and R.J. Raleigh

Squaw Butte Experiment Station
3
, Burns, OR 97720

SUMMARY

The effects of winter supplementation of weaner steers followed by

two grazing treatments for yearling steers on crested wheatgrass range

were evaluated in trials over two successive years. Winter treatments

consisted of alfalfa hay ad libitum, either alone or supplemented with

1.1 kg rolled barley in trial 1 and blue grass straw supplemented with

either .7 kg barley and .1 kg biuret or 1.4 kg barley and .1 kg biuret

in trial 2. The higher level of energy supplementation increased

(P<.05) ADG in both trials and resulted in heavier (P<.05) steers by

spring turnout in trial 1. Supplementation at these levels had no

effect on hay intake and improved the overall feed per gain ratio.

1
Technical Paper No. Oregon Agr. Exp. Sta.

2Partial support supplied by Cooperative State Research Sertice,

U.S. Department of Agriculture, Washington, D.C. 20250

3Jointly operated by Oregon Agr. Exp. Sta., Oregon State Univ., and

Agricultural Research - SEA. USDA.
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The short duration grazing treatment, which was designed to remove

one-third of the available forage on each pasture before moving to a

fresh pasture, increased (P<.05) summer ADG in both trials over the con-

tinuous grazing treatment. Steers from the previous high energy winter

treatment accounted for most of the gain difference between summer graz-

ing treatments. Steers from the previous low energy winter treatment

made compensatory gains in the summer regardless of the grazing treatment,

resulting in no difference (P>.10) in steer weights between winter treat-

ments.

Two irrigated pasture trials were conducted to compare continuous or

short duration grazing of clover-fescue pasture with all animals supple-

mented 1.4 kg barley per day and either 1.4 or 2.3 kg supplemental barley

on clover-orchardgrass pasture. Clover-orchardgrass pastures produced

greater (P<.05) ADG during both trials. The short duration grazing

treatment was of no value for increasing gains on the clover-fescue pas-

tures and increased levels of supplementation were of no value on clover-

orchardgrass pastures.

(Key Words: Yearling Beef Cattle, Range, Irrigated Pasture, Supplementa-

tion, Grazing Management, Previous Nutrition.)

INTRODUCTION

The earth's population is expected to double in the next 45 years.

This increased population is going to require a more efficient use of our

agricultural lands, water and energy resources for food production.
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Rangelands, which cover over one-half of the total land area in the

United States, have no alternative use for food production other than

through the grazing animal and they are currently being used at only half

their potential (Cook, 1977).

Rangelands can be more efficiently utilized through improved grazing

practices, matching seasonal quantity and quality of forage with the re-

quirements of various classes of livestock and supplementing deficient

nutrients as they become limiting for a desired level of production

(Raleigh, et al., 1970).

The efficiency of rangelands can also be improved by integrating the

use of cultivated forages with range forage resources. Irrigated

pastures provide a complementary source of forage to rangelands and

increase the flexibility of the livestock operation. During dry years,

range forage can be deferred to a latter date by holding cows and calves

on irrigated pasture or reducing range stocking pressure by grazing

yearlings through the summer on irrigated pasture.

The objectives of the current trials were to evaluate yearling steer

performance on crested wheatgrass range under two grazing management

plans and to determine the effects of winter nutrition on summer gains.

Yearling performance was also compared on clover-fescue and clover-

orchardgrass irrigated pastures.

EXPERIMENTAL PROCEDURE

Range trials. Forty-four steers in trial 1 and 40 steers in trial

2 of Hereford-Angus breeding and approximately 175 kg in weight were

assigned to one of two levels of energy supplementation during 168 day
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winter growth studies. Steers in trial 1 received alfalfa hay

(IRN 1 00 063) ad libitum on winter ice-packed feed grounds. Bale counts

were recorded and random bales were weighed to estimate hay intake.

Close monitoring of daily intake resulted in minimal hay wastage. Daily

supplements were group fed in wooden feed bunks and consisted of 0 or

1.1 kg rolled barley (IRN 4 07 939) per head as the low and high energy

treatments, respectively.

Steers in trial 2 received bluegrass straw (7.6% crude protein) ad

libitum in drylot with daily weigh-in of straw and weekly weigh-back of

orts to determine intake. Daily supplements consisted of .7 kg rolled

barley and .1 kg biuref for the low energy treatment and 1.4 kg rolled

barley and .1 kg biuret for the high energy treatment.

Steers during both trials received daily supplements at 0700 follow-

ed by daily hay allowances. Trace mineralized salt, bone meal and water

were available at all times. Steers were weighed off the winter studies

as crested wheatgrass (Agropyron desertorum) ranges reached desired

production levels of 225 kg/ha as described by Sharp (1970) to maintain

satisfactory animal performance.

Thirty steers from each trial were assigned to spring and summer

grazing treatments by weight with equal numbers from previous winter

treatment groups. The grazing treatments consisted of continuous or

short duration grazing of crested wheatgrass range. The short duration

grazing treatment was designed to allow removal by steers of 30% of the

available forage in a field and then move to a fresh field. Movement

dates for the short duration treatment were determined by hand-clipping

twenty .9m
2
quadrats per field prior to stocking to estimate available

forage production. Estimates of forage intake by steers were then used
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to calculate the number of days to graze each field. The grazing treat-

ments and results are discussed in more detail by Daugherty et al. (1980).

A daily supplemental feeding program developed at Squaw Butte

Experiment Station to account for decreasing forage quality and to main-

tain daily gains by yearling steers of .9 to 1.15 kg (Raleigh, 1970) was

used as a base and is shown in table 1. Supplements were hand-fed at the

same time each morning to minimize loss of grazing time.

The grazing treatments were terminated by August 15 of both trials

because the decreasing forage quality requires impractical and uneco-

nomical supplementation beyond this time (Raleigh, 1970). Additional

supplementation beyond mid-August results in an inhibition of forage

intake.

Irrigated pasture trials. Forty Hereford-Simmental yearling steers

(320 kg) in trial 1 and 40 Hereford-Angus yearling steers and heifers

(235 kg) in trial 2 were assigned by weight in trial 1 and by weight and

sex in trial 2 to one of four irrigated pasture treatments. The irri-

gated pasture treatments consisted of either continuous or short dura-

tion grazing of clover-fescue (Trifolium repens L. - Festuca arundinacea

Schreb) irrigated pastures with 1.4 kg daily supplemental barley and

either 1.4 or 2.3 kg supplemental barley on clover-orchardgrass

(Trifolium repens L. Dactylis glomerata L.) irrigated pastures.

Additionally, half of the animals in each treatment group were treated

with injectable levamisole phosphate to control internal parasites.

The clover-fescue pastures (.8 ha) were grazed in a two-week rota-

tion for the continuous grazing treatment and a one-week rotation for the

short duration treatment. Short duration grazed pastures were grazed by
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TABLE 1. DAILY SUPPLEMENT FOR YEARLING STEERS GRAZING

CRESTED WHEATGRASS, TRIALS 1 AND 2

Period Biuret Nitrogena Barley
Digestible

Energy

g g kg kcal

Start - 6/15 0 7.8 .454 1640

6/16 - 6/17 13.6 13.2 .454 1640

6/18 6/19 18.1 15.0 .454 1640

6/20 - 6/25 22.7 16.9 .454 1640

6/26 7/2 40.8 24.1 .454 1640

7/3 - 6/9 45.4 28.3 .590 2133

7/10 - 7/15 54.4 34.3 .726 2625

7/17 - 7/23 63.5 39.5 .817 2954

7/24 - 8/4 63.5 44.9 1.134 4100

8/5 - End 63.5 48.8 1.361 4920

aExtra nitrogen was not considered necessary between 5/4 and 6/16,

however, barley provided a small amount as indicated.
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clean-up animals for one-week following removal of the study animals.

This rotational system allowed time for irrigation and regrowth. All

animals were supplemented at the same time each morning and had access

to water, bone meal and trace mineralized salt supplemented with .5%

CuSO4. The irrigated pasture treatments were terminated on August 15 for

both trials.

Lease squares analysis of variance for factorial designs and one-way

classifications were conducted on the data with differences between

treatment means tested by using the Student's t or Least Significant

Difference as described by Steel and Torrie (1960).

RESULTS AND DISCUSSION

Range trials. The results of the winter growth trials are shown in

table 2. The higher level of energy supplementation increased (P<.05)

average daily gains (ADG) during both trials and resulted in heavier

(P<.05) steers by spring turnout in trial 1. The higher level of supple-

mentation had no effect on hay intake and decreased feed requirements per

kg of gain by 6.8 and 3.2 kg for trials 1 and 2, respectively. Raleigh

et al. (1970) reported that additional energy supplementation improved

gains over meadow hay alone, as was demonstrated in these trials. How-

ever, daily gains for both trials are below a desired economical winter

ADG level of .68 kg.

The importance of winter gain levels has been demonstrated by several

researchers. Castle et al. (1961) found that rate of winter gain together

with length of wintering period had a significantly negative effect on

subsequent summer gains. However, calves restricted to limited winter
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TABLE 2. WINTER PERFORMANCE OF SPRING-BORN CALVES SUPPLEMENTED

AT TWO ENERGY LEVELS (168 Days)

Item

Trial 1 Trial 2

Low High Low High

No. of steers 22 22 20 20

Supplement intake, kg/day 0 1.1 .8 1.5

Hay intake, kg/dayc 8.64 8.67 6.45 6.04

Initial wt, kg 174.8+31.3 174.4+33.2 178.5+33.3 178.5+24.9

Final wt, kg 237.3+38.8a 273.7+47.7b 243.7+36.3 261.0+33.8

Gain, kg 62.6+12.3a 99.3+17.3b 65.2+10.9a 83.1+11.3b

ADG, kg (168 days) .37+.07a .59+10
b

.39+.06
a

.49+-08
b

a,b
?leans within trials in the same row with different superscripts differ sig-

nificantly (P<.05).

cHay intake based on bale counts in trial 1 and therefore is an estimate.
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gains were considerably lighter at the end of the summergrazing period.

Steers from previous low levels of winter gain were found to exhibit

compensatory growth the first 8 weeks of realimentation on grass and had

higher intakes than nonrestricted steers with no difference in forage

digestibility (Horton and Holmes, 1978).

The effect of grazing treatment on spring and summer gains is shown

in table 3. The daily supplement schedule maintained steer ADG above

.85 kg for all treatments in both trials, which agrees with the results

of Raleigh (1970). Short duration grazing of the crested wheatgrass

range increased (B(.05) ADG in both trials. In trial 2, most of this

difference occurred during the last 45 days of the grazing season and is

discussed in further detail by Daugherty et al. (1980).

The short duration grazing treatment was designed to remove approxi-

mately 30% of the available forage from 62 ha of range compared to

removal of 60% of the forage from 29 ha for the continuous grazing

treatment. For the grazing season, this resulted in approximately half

the stocking pressure on the short duration pastures as that of the con-

tinuously grazed pasture. Allison and Kothmann (1979) found that at

lower stocking levels, cattle had increased intakes and diet selectivity.

In vitro digestible organic matter and crude protein percent of cattle

diets were higher at the lower stocking levels.

The effects of the previous winter energy treatments on the spring

and summer grazing treatments are shown in table 4. Steers from the pre-

vious low energy winter treatment made compensatory gains during the

spring and summer grazing period which resulted in no difference (P>.10)

in steer weights between winter treatments by the end of the grazing

season. The grazing treatment had no effect on gains by low energy
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TABLE 3. SPRING AND SUMMER PERFORMANCE OF YEARLING STEERS UNDER

TWO GRAZING TREATMENTS ON CRESTED WHEATGRASS RANGE

Item

Trial 1 Trial 2

Continuous
Short
Duration Continuous

Short
Duration

No. of steers
c

15 15 15 13

Days on treatment 105 105 97 97

Initial wt, kg 281.8+33.7 280.4+30.3 259.1+26.4 260.9+22.9

Final wt, kg 376.5+33.0 386.2+31.9 364.3+27.8 373.7+18.4

Gain, kg 94.7+19.5a 105.7+11.3b 105.2+8.8a 112.8+7.7b

ADG, kg .90+19a 1.01+11b 1.08+.09a 1.16+.08b

a
'

b
Means within trials in the same row with different superscripts differ

significantly (P<.05).

c
Two steers died of unknown cause on the short duration grazing treat-

in trial 2.
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TABLE 4. THE EFFECTS OF PREVIOUS WINTER TREATMENTS ON

SUBSEQUENT SPRING AND SUMMER PERFORMANCE

Grazing treatment -

Winter treatment -

Continuous Short Duration

Low High Low High

Trial 1

Final wt, kg 369.3+31.1 379.0+36.3 372.9+21.3 396.0+37.3

Gain, kg 109.0+13.9a 80.6+10.1 109.9+11.1
a

100.1+9.8
c

ADG, kg 1.04+13a .77+.10
b

1.05+10
a

.95+.09c

Trial 2

Final wt, kg 361.1+16.3 367.9+35.4 364.7+17.1 379.3+14.0

Gain, kg 107.2+9.4a 102.9+7.5a 116.5+5.0b 110.5+7.7ab

ADG, kg 1.11+10
a

1.06+.08a 1.20+.05
b

1.14+.08ab

a,b,cMeans
in the same row with different superscripts differ signifi-

cantly (P<.05).
I
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steers in trial 1. However, the low energy steers had increased (P<.05)

ADG on the short duration grazing treatment in trial 2.

Steers from the previous high energy winter treatment accounted for

most of the spring and summer gain difference between continuous and

short duration grazing treatments. These data suggest that the reduced

selectivity on the continuous grazing treatment caused a more rapid

regression by steers from a previous higher nutritional plane towards

those from a previous lower plane of nutrition. Increased intake and

higher quality diet selection on lower stocking levels (Allison and

Kothmann, 1979) and increased protein and energy utilization by steers

exhibiting compensatory growth (Fox et al., 1972) support this conclu-

sion.

Irrigated pasture trials. Results of the irrigated pasture trials

are shown in table 5. Animals had increased (P<.05) ADG on clover-

orchardgrass pastures compared to clover-fescue pastures for both trials.

However, the 97 to 99 day grazing periods were not long enough to signi-

ficantly increase weights by the end of the grazing season. These

results agree with an earlier report from this station by Gomm (1979).

The short duration grazing treatment was of no value for increasing

gains on clover-fescue pastures. This suggests that something other than

selectivity for and availability of high quality forage inhibits animal

gains on fescue pastures. Fescue is comparable to orchardgrass for

nutrient compo,sition and was found to be of high in vitro digestibility

(Terry and Tilley, 1964). Yates et al. (1962) reported that poor gains

and a general unthrifty appearance are common to animals grazing tall

fescue pastures.
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TABLE 5. YEARLING CATTLE PERFORMANCE ON IRRIGATED PASTURE WITH

TWO LEVELS OF GRAZING INTENSITY AND TWO LEVELS OF SUPPLEMENT

Grazing rotation -

Barley suppl., kg/day

Clover-Fescue Clover-Orchardgrass

2 Wk 1 Wk. 2 Wk. 2 Wk.

- 1.4 1.4 1.4 2.3

Trial 1

10 10 10 10No. of steers

Initial wt, kg 317.9+20.1 317.9+21.8 319.9+21.0 317.0+20.7

Final wt, kg 432.5+24.3 428.8 18.4 446.4+20.3 449.6+25.2

Gain, kg 114.6+18.8
ab

111.1+11.0a 126.5+6.91 c 132.6+16.8c

ADG, kg (99 days) 1.16+19
ab

1.12+.12a 1.28+.07
bc

1.34+17c

Trial 2

No. of steers
e

10 9 10 10

Initial wt, kg 236.9+37.6 236.2+45.5 232.1+33.9 234.0+31.3

Final wt, kg 305.1+34.9 309.9+48.3 319.6+28.4 325.0+28.1

Gain, kg 68.2+9.7
a

73.7+15.5a 87.5+7.8
b

91.0+9.7
b

ADG, kg (97 days) .70+10a .76.16a .90+.08
b

.94+10
b

a,b,c_means in the same row with different superscripts differ significantly

(P<.05).

eOne animal died of unknown causes on the clover-fescue short duration

grazing treatment.
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The reason for depressed performance on tall fescue pastures is not

clear, however, appreciable amounts of alkaloids may accumulate. The

alkaloid, perloline, predominates in tall fescue and has been shown to

reduce crude protein and cellulose digestibility, resulting in lower

nitrogen retention (Boling et al. 1975). Additionally, Julien et al.

(1974) found reduced voluntary intakes by calves when infused intraperi-

toneally with extracts from known toxic fescues.

The high level of energy supplementation was found to be of no value

(P>.10) for increasing pasture gains on clover-orchardgrass pastures.

This is consistent with the results of Denham (1977) and Coleman et al.

(1976), who found that successive increments of grain usually return

less gain per additional unit of supplements. Denham (1977) found

reduced subsequent feedlot gains at higher levels of summer energy

supplementation, while Coleman et al. (1976) found no difference in dry-

lot gains due to the amount of supplementation on pasture. However, it

is generally accepted that higher gains due to energy supplementation on

pasture result in a decreased finishing time in the feedlot.

Treatment of animals with levamisol phosphate had no effect on

pasture gains. This suggests that internal parasites were not a problem

associated with the study pastures. This agrees with previous unpub-

lished research at this station.

The results of the winter growing and range grazing trials imply

that lower winter gains by weaner calves will be compensated for during

the grazing season. However, calves with lower levels of winter gain are

generally lighter at the end of the grazing season. The weight differ-

ence depends on the degree of winter gain restriction, length of grazing
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season and the quality of spring and summer forage. Controlled spring

and summer grazing (short duration grazing) will increase yearling gains

on range compared to a continuous grazing practice. Animals' selec-

tivity for high quality forage is increased resulting in a more

efficient utilization of the available forage resources.

The results of the irrigated pasture trials demonstrate the need

for further research of the gain responses between clover-fescue and

clover-orchardgrass pastures. Intake and digestibility data need to be

collected on clover-fescue and clover-orchardgrass pastures throughout

the grazing season to determine the cause of differences in animal gains

between pastures.
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SUMMARY

Range, irrigated pasture and feedlot finishing trials were conducted

over a two year period to compare live animal performance, carcass char-

acteristics and taste panel palatability of beef. Following the grazing

season on either crested wheatgrass range, clover-fescue irrigated

pasture or clover-orchardgrass irrigated pasture, the range steers were

worked up to a full feed of grain on range or finished in the feedlot,

and the irrigated pasture steers were combined on clover-fescue pasture

and worked up to a full-feed of grain or finished in the feedlot.

1
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2
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Feedlot finishing increased (P<.05) ADG compared to range finishing

in trials 1 and 2 and produced slaughter animals with fewer (P<.05) days

on feed. Although range finished steers had a lower daily grain intake,

the longer finishing period on range increased the total grain consump-

tion by an average of 105 kg. Feedlot finishing increased (P<.05) qual-

lity grades compared to range finishing. However, there was no differ-

ence in taste panel scores between treatment groups.

Results of the irrigated pasture vs feedlot finishing comparison

were affected by breed differences between trials 1 and 2. In trial 1,

late muturing Hereford-Simmental steers gained faster (P<.05) on the irri-

gated pasture finishing treatment. A longer feeding period in the feedlot

increased (P<.05) quality grades from standard to good but was responsible

for the depressed gains. Early maturing Hereford-Angus steers and heifers

in trial 2 had increased (P<.05) gains in the feedlot with fewer days on

feed compared to irrigated pasture animals. However, overall grain con-

sumption was similar for irrigated pasture and feedlot finishing and no

differences were found between treatments for quality grade. Taste panel

scores were not different between finishing treatments in trial: 1, but

irrigated pasture finished animals from the previous clover-fescue

grazing treatment had less (P<.05) desirable beef in trial 2.

(Key Words: Finishing Comparison, Range, Irrigated Pasture, Feedlot,

Carcass Quality, Taste Panel Evaluation.)
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INTRODUCTION

Interest in increasing the use of forage and minimizing grain con-

sumption for the production of slaughter beef has been stimulated by

several factors; including the abundance of rangeland in the U.S. with

no alternative use for food production other than through the grazing

animal (Cook, 1977), the increasing world population, increasing world

grain prices and the uncertainty of future grain supplies for livestock

consumption (Berry et al., 1975).

Various forage and limited grain finishing regimes compared to

feedlot finishing have shown feedlot finishing produces faster gains,

higher dressing percents, higher quality grades (Turner and Raleigh,

1977) and more tender and overall desirable beef (Bowling et al., 1977,

and Ringkob et al., 1978). However, Utley and McCormick (1976) found

that the use of pasture during the finishing phase reduced grain con-

sumption by 38% compared to drylot finishing. Additionally, Raleigh

et al. (1967) have shown that beef of the good grade can be produced

on range by increasing grain consumption for 90 days following the

grazing season. Although gains were increased by drylot finishing,

range finishing decreased the cost of gain and produced equal quality

grades. Schupp et al. (1979) has shown that when forage plus limited

grain finished animals are fed to slaughter weights equal that of feed-

lot finished animals, the beef is all highly acceptable to the consumer.

The objectives of the current trials were to compare alternative

methods of finishing beef cattle following the summer grazing season.

The effects of previous growing treatments on finishing performance were

also evaluated.
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EXPERIMENTAL PROCEDURE

Long yearling beef cattle from the two range and two irrigated

pasture growing trials reported by Daugherty at al. (1980a) were used in

finishing trials to compare full-feed finishing on range or irrigated

pasture vs feedlot finishing. Direct comparisons were made between

range vs feedlot and irrigated pasture vs feedlot finishing. The effects

of the previous range grazing treatment (continuous vs short duration)

and the previous irrigated pasture mix (clover-fescue vs clover-

orchardgrass) on the finishing treatments were also evaluated. However,

range vs irrigated pasture finishing comparisons were not made because

of differences in breed of animals in trial 1 and differences in sex of

animals in trial 2.

Range and irrigated pasture finishing. Ten steers from each of the

previous range grazing treatments in range trials 1 and 2 for a total of

20 steers per trial were allotted by weight and previous treatment to

range finishing trials. Steers in each range finishing trial remained

on crested wheatgrass (Agropyron desertorum) range and received increas-

ing amounts of grain at the rate of .45 kg every two days until they

reached a full feed of grain. When daily grain levels reached 5.4 kg,

steers were fed half their daily allowance mornings and evenings.

Ten animals from the previous clover-fescue (Trifolium repens L. -

Festuca arundinacea Schreb.) and 10 animals from the previous clover-

orchardgrass (Trifolium repens L. - Dactyis glomerata L.) irrigated pas-

ture growing treatments, for a total of 20 animals per trial, were

assigned by weight and previous treatment in trial 1 and by weight, sex

and previous treatment in trial 2 to two irrigated pasture finishing
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trials. Animals were combined on clover-fescue irrigated pasture dur-

ing both trials and received the same feeding schedule used for the

range finishing trials. The grain mix for the range and irrigated pas-

ture finishing trials is shown in table 1. All animals had access to

water, bonemeal and trace mineralized salt at all times. The range and

irrigated pasture animals were slaughtered in late fall prior to the

onset of cold weather which reduces feed efficiency of high grain diets.

Feedlot trials. The remaining 5 steers per treatment group in

trial 1 and 4 animals per treatment group in trial 2 from the previous

range trials and 10 animals from the clover-fescue and 10 animals from

the clover-orchardgrass treatments of the previous irrigated pasture

growing trials were shipped to a feedlot for finishing. Fifteen days in

trial 1 and 10 days in trial 2 were allowed as a post-shipping adjust-

ment period. Thirty animals per feedlot trial were then allotted by

weight and previous treatment in trial 1 and by weight, sex and previous

treatment in trial 2 to one of three feedlot finishing treatments. The

feedlot treatments consisted of two 75% TDN - 13.5% CP diets and one 80%

TDN - 12% CP diet for both trials. The feedlot treatments and results

are discussed in further detail by Daugherty et al., (1980b).

No differences were found between feedlot treatments for either

trial. Therefore, animals from previous range or irrigated pasture

trials were combined across feedlot treatments for comparison to the

range and irrigated pasture finishing treatments. The average ration

composition for feedlot trials 1 and 2 is shown in table 1.

The feedlot animals were weighed at two-week intervals and slaugh-

tered upon reaching a minimum of 7.6 mm of backfat as determined by

measurement with an ultrasound device.
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TABLE 1. RANGE, IRRIGATED PASTURE AND

FEEDLOT FINISHING RATIONS

Item IRN
Irrigated pas-
ture and Range

Feedlot

Trial 1 Trial 2

Ryegrass straw 1 04 059 25.00 20.00

Alfalfa Hay 1 00 063 2.50 2.50

Wheat, rolled 4 05 210 25.00

Barley, rolled 4 07 939 99.25 a b

Corn, ground 4 02 920 30.00

Molasses, cane 4 04 696 7.50 7.50

Limestone 6 02 632 .55 .50 .80

Biuret .20

Protein suppl. a b

Salt, TM ad lib .50 .20

Premixes
c

1.00 1.00

a
Feedlot steers in trial 1 were involved in a companion study to cam-

pare dried poultry waste-urea and feather meal-urea as protein sources

for finishing rations. The basal diet represents treatment averages

and rolled barley was balanced with the protein sources to complete

the rations.

b
Same as in "a" only cottonseed meal-urea and feather meal-urea were

the protein sources.

c
Antibiotic and vitamin A premixes.
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Taste panel evaluations. Following slaughter and carcass data

collection, samples of longissimus muscle from the eleventh to thirteenth

rib of all animals were frozen and stored (-34 C) for subsequent taste

panel evaluations. Frozen steaks were cooked in matching gas ovens for

10 minutes on each side on broiler pans 18 cm from the flame. After 20

minutes, thermocouples were inserted into the center of the steaks which

were then cooked to a final internal temperature of 70 C. Ten-member

trained sensory panels then evaluated steaks for aroma, tenderness,

juiciness, flavor and overall desirability on an 8-point hedonic scale

with 8 being the most desirable and 1 the least.

Data were subjected to one-way analysis of variance. Significance

(P<A5) between treatment means was determined by student's t test or

Least Significant Difference as described by Steel and Torrie (1960).

RESULTS AND DISCUSSION

Range vs feedlot finishing. The live animal and carcass performance

results for the range vs feedlot finishing comparisons are shown in table

2. No differences (P>. 10) in live animal or carcass performance were

found between previous range grazing treatments. Therefore, previous

treatments were ignored for the range vs feedlot finishing comparison.

Feedlot finishing increased (P<.05) ADG, resulting in fewer (P<.05) days

on feed to reach slaughter weight. Range finishing decreased daily

grain consumption by 13 and 15% compared to grain consumption from the

27.5 and 22.5% roughage feedlot rations for trials 1 and 2, respectively.

However, because of the fewer days on feed, the feedlot finished animals

consumed 51.9 and 158.5 kg less grain for trials 1 and 2, respectively.
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TABLE 2. PERFORMANCE AND CARCASS CHARACTERISTICS OF LONG YEARLING

STEERS FINISHED ON RANGE OR IN FEEDLOTS

Item

Trial 1 Trial 2

Range Feedlot Range Feedlot

No. of steersc
Days on feed
Initial wt, kg
Final wt, kg
Gain, kg
ADG, kg
Daily grain intake, kg
Total grain intake, kg

Carcass Characteristics

20

94.6+19.5
a

383.1;39.3a
478.4;32.3a
97.9+12.4
1.03+11a
6.80

643.30

10

76.9+25.7
b

414.1;34.7:
508.1;28.4
94.6;22.0,3
1.274.29
7.69

591.40

19

103.0+7.2
a

363.6;34.7a
474.1;28.6a
103.4418.1a
1.03+.21a
7.53

775.60

8
b

71.5+13.7,
394.7 ;24.4

518.4-T22.6Z

123.7;14.3Z
1.71+.20'
8.63

617.10

Chilled wt, kg 259.0+23.2
a

291.5+19.1
b

263.8+18.9
a

310.5+12.0b
Dress 2 54.6;2.3a 57.3171.2,3 55.8472.3a

4.i;.95
59.4;1.4Z

Marbling
f

3.64.77a 3.97-.40a 4.61.74",
Adj backfat, cm .89+.20 .974.20 .71+.23a 1.13+-21'
Fat colorg

2
5.0 (1 5.0 0-

b
5.0 0 5.0 ItT)

Ribeye area, cm 68.6+3.4
a

74.1+4.3u 76.7+4.7
a

78.7+5.5
b

Gradeh 9.1;1.9a 11.jT1.6" 9.57-1.311a 11.6;1.5

a,b_
means within trials in the same row with different superscripts differ

significantly (Pe.05).

c
One animal went off feed in Range trial 2 and was removed from study.

d
Feedlot animals were given a 15 and 10 days post-transportation adjust-

ment period before starting study for trials 1 and 2, respectively.

e
Does not include forage intake on range or roughage portion of feedlot

ration.

f
5 = small, 4 = slight, 3 = traces.

g5 = white, 4 = slight yellow tinge, 3 = slightly yellow.

h13,= average choice, 10 = average good, 7 = average standard.



75

A forage and roughage comparison was not possible because forage intake

on range and roughage intake during the 10 to 15 day post-transportation

adjustment period for feedlot animals was not measured.

Turner and Raleigh (1977) reported increased (P<.05) ADG for feedlot

vs range finished steers in trials conducted under similar conditions.

The range finished steers consumed less grain per day as in these trials.

However, the days on feed was set at 90 days for both range and feedlot

finishing which resulted in a greater grain consumption by the feedlot

finished animals. Utley and McCormick (1976) also found increased gains

in drylot compared to finishing on ryegrass pastures. However, the use

of pasture during the finishing phase decreased grain consumption by 38%.

Feedlot vs range finishing resulted in increased (P<.05) carcass

weights, dressing percents, marbling scores, ribeye areas and quality

grades for both trials, which agrees with the results of Turner and

Raleigh (1977). Quality grades averaged low good and high good for the

range and feedlot finishing treatments, respectively. Raleigh et al.

(1967) found that 90 days of additional grain, following the grazing

season, will produce carcasses of the good quality grade. Beef of this

quality is increasing in demand and may actually be preferred by con-

sumers as suggested by Brady (1957).

Irrigated pasture vs feedlot finishing. Trial 1 performance and

carcass data for the irrigated pasture vs feedlot finishing comparisons

are shown in table 3. The feedlot finished animals performed similarly

and had no differences in carcass characteristics due to previous irri-

gated pasture treatment. However, in the irrigated pasture finishing

trials, steers from the previous clover-orchardgrass treatment had

increased (P<.05) ADG compared to steers from the previous clover-fescue
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TABLE 3. PERFORMANCE AND CARCASS CHARACTERISTICS FOR IRRIGATED

PASTURE VS FEEDLOT FINISHING COMPARISON, TRIAL 1

Item

Clover-fescue Clover-orchardgrass

Pasture Feedlot Pasture Feedlot

No. of steers, 10
a

10
b

10
a

10
b

Days on feed" 75.0+0 142.1+26.3 75.0+0 137.3+25.8
Initial wt, kg
Final wt, kg

428.3;18.5a
524.-729.5a

480.2 ;29.1t

649.i;45.3
447.4 +21.7

564.7;28.1c
496.6;30.1lb

637.4T40.2
Gain, kg 96.2 ;12.8a 169..6;15.7' 117.3;11.3c 140.6;32.1'
ADG, kg 1.21+17a 1.0+11 ac 1.51+151) 1.03+24c
Daily grain intake, kg 6.90 7.69 6.90 7.69

Total grain intake, kg 517.5 1092.8 517.5 1092.8

Carcass Characteristics

Chilled wt, kg
DressingeZ
Marbling
Backfat, cm
Fat color
Ribeye area, cm
Gradeg

2

297.7+19.8a
56.67-1.2a
2.67-.70 a

.31+.19a
5.0+0

78.4 ;12.3

7.3+11
a

391.8+30.6b
60.S;1.0b
4.1+.32

b
,

.771+.21'

5.0+0
87.6T8.8

10.4+1.0
b

320.7+16.8c
56.61.0a
3.17,57 a

.31.25a
5.0+6

82.8+13.4

7.5+1.2a

383.8+28.1b
60.1;1.5b
4.4+.52

b

.67+.20"
5.0+0
85.6 +7.4

11.1+.9
b

a'b'cMeans in the same row with different superscripts differ significantly
(P<.05).

d
Feedlot animals received 15 days of feed after shipping before start-

ing treatment.

3'f'gSee footnotes table 2.
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treatment resulting in heavier slaughter weights and chilled carcass

weights. The effect of previous treatments on the pasture finishing

results were unexpected. Steers from the previous clover-fescue treat-

ment had reduced (P<.05) summer gains and entered the finishing phase at

lighter weights. Therefore, they should have been expected to perform at

a higher level during the finishing phase. Substances in fescue similar

to the toxic extracts reported by Julien et al. (1974), which inhibited

intake of calves, may possibly accumulate with time and have a more

deleterious effect on gains of animals left on fescue for extended periods

(summer and finishing) as opposed to animals grazing fescue for short

periods of time (finishing only).

Feedlot finishing compared to finishing on irrigated pasture resulted

in reduced (P<.05) ADG. The Hereford-Simmental steers in trial 1 are

late maturing and were fed 65 days longer in the feedlot to reach the

predetermined backfat cover for slaughter compared to the pasture finished

animals that were slaughtered at a predetermined weight (545 kg). The

extended feeding period in the feedlot depressed gains and doubled the

grain intake of the pasture finished steers. However, the increased

days on feed significantly increased carcass finish resulting in higher

dressing percents, increased fat cover and marbling and higher quality

grades.

Trial 2 performance and carcass data for the irrigated pasture vs

feedlot finishing comparisons are shown in table 4. Previous irrigated

pasture treatments had no effect on either pasture or feedlot finishing

treatments. Study animals in trial 2 were a steer and heifer mix of

early maturing Hereford-Angus breeding. Results varied from trial 1 with

feedlot finishing increasing (P<.05) ADG and producing heavier slaughter
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TABLE 4. PERFORMANCE AND CARCASS CHARACTERISTICS FOR IRRIGATED

PASTURE VS FEEDLOT FINISHING COMPARISON, TRIAL 2

Item

Clover-fescue Clover-orchardgrass

Pasture Feedlot Pasture Feedlot

No. of animals
d

Days on feede
Initial wt, kg
Final wt, kg
Gain, kg
ADG, kg
Daily grain intake, kg
Total grain intake, kg

Carcass Characteristics

9

124.0+0a
309.7+33.4a
426.1+48.7a
116.4+22.3

.94+18a
5:80

719.2

239.7+27.7a
56.3+1.6a
4.2+.83
.g+.28a

4.9+733
77.1+6.1
10.6+1.7

10

83.4+20.8
b
,

326.8;56.5aZ
447.8;49.5a'
121.6;20.2
1.44+24b
8.63

719.7

265.4+32.t
b

59.2 ;2.3
4.6+.97

1.02+.24a
b

5.0+6
76.8+8.6
10.9+2.1

10
124.0+0
321.7+30.0

ab

441.0+37.8
ab

119.3 ;13.7
.96+11a

5.80
719.2

266.5+13.7b
57.9+1.0b
4.9+.69
1.38+.43c
4.7+.49

72.5+7.2
11.9+1.8

10
b

81.7+24.0
347.6;27.9"

,

470.2 ;24.4b

122.1;;19.

1,51+24°
8.63

705.1

280.1+17.0b
59.6+2.8b
4.5+.85
1.13+.40'
5.04i

77.8+7.2
10.9+2.1

Chilled wt, kg
Dressingf%
Marbling
Backfat, cm
Fat colorg
Ribey area, cm

2

Grade

a,b,c_
means in the same row with different superscripts differ signifncantly

(P<.05).

d
Two steers and 7 to 8 heifers per treatment group.

e
Feedlot animals received 10 days of feed after shipping before starting

treatment.

f'g'ilSee footnotes of table.2.
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animals with an average of 41 days less feed. Although daily grain

intake was reduced 33% by pasture finishing, total grain consumption

equalled feedlot consumption because of the longer finishing period.

Chilled carcass weights, dressing percents and fat cover were increased

(P<.05) by feedlot finishing. However, carcass grades were not different

between treatments.

The difference between trials demonstrates the effect of breed on

finishing gains. The Hereford-Simmental steers made rapid gains on the

irrigated pasture finishing treatment to a live weight of 545 kg and a

carcass grade of standard. Additional time in the feedlot and double the

grain increased the carcass grade to good, but resulted in a depression

of ADG. However, the early maturing Hereford-Angus steers and heifers

in trial 2 reached the good grade rapidly in the feedlot and on an equal

amount of grain on pasture. The results in trial 2 agree with reported

literature of increased gains in the feedlot (Turner and Raleigh, 1977)

and reduced daily grain intake on pasture (Utley and McCormick, 1976).

Taste panel evaluations. The taste panel comparisons of range vs

feedlot finished beef for trials 1 and 2 are shown in table 5. The only

difference in taste panel scores between range and feedlot finishing was

a decreased (P<.05) juiciness for range finished beef in trial 2. Range

finished beef was equal to feedlot finished beef for aroma, tenderness,

flavor and overall desirability with taste panel scores above 5.0 on the

hedonic scale, a score considered acceptable to consumers.

The results of the taste panel comparison for irrigated pasture vs

feedlot finishing are similar to the range vs feedlot comparison

(table 6). The only difference between treatments in trial 1 was a

decrease (P<.05) in aroma of beef for the pasture finished animals. In
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TABLE 5. TASTE PANEL COMPARISON OF RANGE VS FEEDLOT

FINISHED BEEF

Item
c

Trial 1 Trial 2

Range Feedlot Range Feedlot

Aroma 5.99+.51 6.07+.29 5.95+.23 6.08+.58

Tenderness 5.75+.61 5.60+.62 5.43+1.06 5.73+.89

Juiciness 5.67+.45 5.42+.33 4.92+:59a 5.48+.51
b

Flavor 5.78+.35 5.90+.38 5.68+.93 5.90+.64

Overall 5.64+.44 5.50+.40 5.21+.66 5.58+.81

a
'
b
Means within trials in the same row with different super-

scripts differ significantly (P<.05).

c
Scored on an eight point hedonic scale with 8 being the most

desirable and 1 the least.
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TABLE 6. TASTE PANEL COMPARISON OF IRRIGATED PASTURE

VS FEEDLOT FINISHED BEEF

Item
d

Clover-fescue Clover-orchardgrass

Pasture Feedlot Pasture Feedlot

Trial 1

Aroma 6.02+.33a 6.48+.20
b

6.03+.21a 6.44+41
b

Tenderness 4.88+.89 5.48+1.07 4.70+1.10 5.57+.89

Juiciness 5.15+.40 5.75+.72 5.55+.38 5.66+.56

Flavor 5.55+.35 5.97+.38 5.63+.22 5.83+.45

Overall 4.95+.59 5.78+.78 5.05+.67 5.46+.77

Trial 2

Aroma 5.66+.21a 5.73+.33ab 5.96+.31ab 6.16+.33b

Tenderness 3.58+1.30a 6.02+.97b 5.16+.70bc 4.81+1.19c

Juiciness 4.78+.52 5.63+.59 5.19+.55 5.46+.90

Flavor 4.62+.55a 5.78+.39
b

5.57+.52
b

5.52+.55
b

Overall 3.94+.89a 5.75+.51
b

5.14+.57
b

5.19+.87
b

a,b,c_
means in the same row with different superscripts differ sig-

nificantly (P<.05).

d
Scored on an eight point hedonic scale with 8 being the most

desirable and 1 the least.
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trial 2, the beef finished on irrigated pasture and from the previous

clover-orchardgrass grazing treatments was equal to feedlot finished

beef for all factors of the taste panel evaluation. However, irrigated

pasture finished beef from the previous clover-fescue grazing treatment

had lower (P<.05) taste panel scores for aroma, tenderness, flavor and

overall desirability. The taste panel evaluation results generally agree

with Schupp et al. (1979), who reported on consumer acceptability of

forage, forage plus limited grain and feedlot finished beef. They found

that when forage plus limited grain finished animals were fed to a

slaughter weight equal that of feedlot finished animals, the beef was

all highly acceptable to the consumer.

The results of these trials show that beef acceptable to the con-

sumer and of the good quality grade can be produced on crested wheat-

grass range or irrigated pasture by supplementing a full-feed of grain

for 90 to 120 days following the grazing season. The time and grain

required to reach a good quality grade depends on the breed, sex and

the weight of animals at the start of the finishing phase. Generally,

higher rates of gain during the grazing season result in heavier animals

that will require less time and grain to reach slaughter weight. Early

maturing breeds of beef cattle are better suited to the range and

irrigated pasture finishing regimes if a good grade is desired. Later

maturing breeds make rapid gains during the growing phase but need

longer periods on grain to reach a good quality grade. Attempting to

feed to a good quality grade on range or irrigated pasture will result

in a depression of ADG and a reduction in efficiency.
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SUMMARY

Two feedlot trials were conducted to evaluate feather meal-urea at

two energy densities (75 and 80% TDN) with control (75% TDN) treatments

of dried poultry waste-urea in trial 1 and cottonseed meal-urea in

trial 2 as protein sources for ruminants. Protein to NPN ratios were

formulated to supply equal amounts of nitrogen from each source.

No differences (P>.10) in live animal or carcass performance were

found between treatments for either trial. However, the feather meal-

1
Technical Paper No. Oregon Agr. Exp. Sta.

2
Partial support supplied by Cooperative State Research Service,

U.S. Department of Agriculture, Washington D.C. 20250, and The Fats and

Proteins Research Foundation, Inc., Des Plaines, IL. 60018.

3
Department of Animal Science, Oregon State University, Corvallis.

4
Jointly operated by Oregon Agr. Exp. Sta., Oregon State Univ.,

and Agricultural Research - SEA. USDA.
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urea treatments in trial 1 had a combined improvement in feed efficiency

over the dried poultry waste treatment of 21%, resulting in a 14%

reduction in feed intake. In trial 2 the higher level of energy

increased feed efficiency by 11% with no difference between protein

sources.

Dried poultry waste increased (B(.05) the taste panel desirability

of beef. No other differences were found in taste panel evaluations

between treatments.

(Key Words: Feedlot Finishing, Feather Meal, Dried Poultry Waste, Urea

Carcass Quality, Taste Panel Evaluation.)

INTRODUCTION

Several animal by-products have been satisfactorily substituted for

the more conventional protein sources in feedlot finishing rations.

Feather meal, a by-product of the poultry processing industry, can re-

place up to 50% of the supplemental protein in finishing rations with-

out any adverse effects on animal performance (Wray et al., 1979).

However, when feather meal is supplemented at higher levels and compared

to a soybean meal control, there is a significantly negative effect on

rumen ammonia concentrations and crude protein digestibility, indi-

cating a lower solubility (Thomas and Beeson, 1977). Daugherty and

Church (1980) found that when urea replaced half of the supplemental

nitrogen from feather meal, in vitro dry matter disappearance, ammonia

nitrogen and volatile fatty acid concentrations equalled those of a

soybean meal control. These results were confirmed in feedlot trials
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where no difference in animal performance or carcass quality was found

between soybean meal and feather meal-urea supplemented diets

(Daugherty et al., 1980a).

Dried poultry waste is another by- product of the poultry industry

that appears to have promise as a ruminant protein source. Whittington

(1978) found no difference in feedlot performance of steers fed rations

supplemented with either dried poultry waste or cottonseed meal.

Although the data are limited, it appears that dried poultry waste has a

positive effect on the palatability of beef.

The objectives of the current trials were to further evaluate

feather meal-urea and dried poultry waste as protein sources for finish-

ing rations. The effect of energy density of feather meal-urea supple-

mented diets was also evaluated to determine the effect of energy level

on protein requirements.

EXPERIMENTAL PROCEDURE

Following the range and irrigated pasture growing trials reported

by Daugherty at al. (1980b), five animals from each treatment group in

each trial were assigned to feedlot finishing trials. A total of 30

animals in each feedlot trial were assigned to one of three treatments

by weight and previous treatment in trial 1 and by weight, sex and pre-

vious treatment in trial 2.

Feedlot treatments for trial 1 consisted of feather meal (IRN

5 03 795) and urea in combination at two energy densities (75% and 80%

TDN) and dried poultry waste and urea in combination (75% TDN) as

protein sources for finishing rations. Treatments in trial 2 were the same
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as in trial 1 with the exception that cottonseed meal (IRN 5 01 632) and

urea in combination replaced the dried poultry waste-urea treatment.

The 75 and 80% TDN rations were formulated to 13.5 and 12% crude

protein (dry), respectively, with equal amounts of nitrogen supplied by

protein and NPN. Ration composition and analyses for trials 1 and 2 are

shown in table 1. Animals were hand-fed twice daily in excess of

appetite and had access to water and trace mineralized salt at all

times. Animals were weighed at 14-day intervals and slaughtered upon

reaching a minimum of 7.6mm backfat as determined by measurement with an

ultrasound device. Carcass data were collected and taste panel evalua-

tion conducted as described by Daugherty et al. (1980c).

Data were subjected to one-way analysis of variance. Differences

in treatment means were tested for significance by Least Significant

Difference as described by Steel and Torrie (1960).

RESULTS AND DISCUSSION

Performance and carcass results for feedlot trial 1 are shown in

table 2. No differences in animal performance were found between treat-

ments. However, the higher energy level increased (P>.10) average daily

gains (ADG) for the feather meal-urea treatment by 12%. The two feather

meal-urea treatments had a combined increase in feed efficiency of 21%

over the dried poultry waste-urea treatment and a 14% reduction in feed

intake. No significant differences were found between treatments for

any of the carcass characteristics measured.

Performance and carcass results were similar for trial 2 with no

significant differences found between treatments (table 3). However, in
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TABLE 1. RATION COMPOSITION (% as fed) AND ANALYSIS (% dry),

FEEDLOT TRIALS 1 AND 2

Trial la Trial 2a

Item IRN DPW-U FM-U FM-U+ CSM-U FM-U FM-U+

Ryegrass straw 1 04 059 25.00 25.00 10.00 19.45 21.40 7.50
Alfalfa hay 1 00 063 2.50 2.50 -- 2.50 2.50 2.50
Molasses, cane 4 04696 7.50 7.50 7.50 7.50 7.50 7.50
Wheat, rolled 4 05 210 25.00 25.00 --
Barley, rolled 4 07 939 30.28 36.15 80.55 32.85 33.30 80.25
Corn, Ground 4 02 920 -- 30.55 31.20 --
Dried poultry waste 7.50 -- --
Cottonseed meal, 41% 5 01 632 -- 5.35 --
Feather Meal 5 03 795 -- 2.20 .75 -- 2.30 .75
Urea .62 .65 .20 .78 .80 .20
Tallow 4 00 375 1.00
Limestone 6 02 632 -- .65 .90 .80 .70 .90
Salt, TM .50 .25 -- .15 .23 .30
Vitamin A .05 .05 .05 .02 .02 .05
Terramycin, TM-10 .05 .05 .05
Rumensin .05 .05 .05

Analysis

Dry matter, % 89.9 89.0 89.0 90.9 90.9 90.0
Crude Protein, % 13.3 13.2 12.0 13.6 14.1 12.7
Estimated TDN, % 75.0 75.0 80.0 75.0 75.0 80.0

aDPW-U, FM-U, FM-u+ and CSM-U represent dried poultry waste-urea, feather
meal-urea, feather meal-urea+high grain and cottonseed meal-urea, respec-
tively.

b
Premixed at 4.4 x 10

6
III/kg.

c
Premixed at 66g/kg.
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TABLE 2. PERFORMANCE AND CARCASS CHARACTERISTICS

FOR FEEDLOT TRIAL 1

Item

Feedlot treatments
a

DPW-U FM-U FM-U+

No. of steers 10 10 10

Days on treatment 117.7+31.3 125.1+43.8 106.1+38.7
Wean wt, kg 422.3+35.9 415.5+48.0 420.5+36.2
Initial wt, kg 471.5+43.0 453.4+62.2 467.3+39.9
Final wt, kg 604.7+85.5 593.4+74.9 597.1+71.8
Gain, kg 133.2+20.6 140.0+38.4 129.8+18.5
ADG, kg 1.10+.17 1.13+.31 126+.18
Daily DM intake, kg 10.43 8.71 9.16
Feed/gain ratio 9.48 7.71 7.27

Carcass Characteristics

Chilled wt, kg
Dressing b%

Marbling
Adj backfat, cm
Fat colorc
Ribeye area, cm
Graded

2

362.3+62.0
59.7+2.0
4.6+7.0
.85+.19

5.0+0
84.2+11.4
11.3+1.2

348.6+48.4
58.i;-1.6

4.2;.42
.64.21

5.0+0
80.5;7.0
10.6;1.0

356.2+52.2
59.5+1.9
4.4+.84
.84+.22

5.0+0
82.0+8.8
10.9+1.5

aDPW-U, FM-U and FM-U+ represents dried poultry waste-urea, feather meal-
urea and feather meal-urea+high grain treatments, respectively.

b
5 = small, 4 = slight, 3 = traces.

c
5 = white, 4 = slightly yellow tinge, 3 = slight yellow.

d13 = average choice, 10 = average good, 7 = average standard.
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trial 2 an improvement in feed efficiency appears to be due to energy

level rather than protein source as in trial 1. The higher energy level

increased feed efficiency by 11% over the lower energy treatments.

Peterson et al. (1973) found a linear increase in ADG and gain to feed

ratio with increasing energy levels in finishing rations. However,

feather meal and urea in combination have also been shown to improve feed

efficiency compared to soybean meal, cottonseed meal or dried poultry

waste treatments (Daugherty et al., 1980a).

The results of the taste panel evaluations for trials 1 and 2 are

shown in table 4. The only significant difference in taste panel scores

between treatments in either trial was an increased (P<.05) overall

desirability for beef produced on the dried poultry waste-urea treatment.

These results confirm the report of Whittington (1978) of increased

desirability for beef from steers finished on rations supplemented with

dried poultry waste.

The data reported in these trials support earlier conclusions that

feather meal and urea in combination or dried poultry waste can be sub-

stituted satisfactorily for the more conventional protein sources in

finishing rations. Protein and energy sparing effects were evident in

feather meal-urea treatments as equal performance was obtained for the

high energy-low protein and low energy-high protein levels. Addition-

ally, it appears that dried poultry waste has a positive effect on

palatability of beef and feather meal-urea tends to improve feed effi-

ciency of feedlot rations.
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TABLE 3. PERFORMANCE AND CARCASS CHARACTERISTICS

FOR FEEDLOT TRIAL 2

Item

Feedlot treatments
a

CSM-U FM-U FM-U+

No. of animals 10 10 10
Days on treatment 76.6+19.6 77.6+20.9 89.4+21.8
Wean wt, kg 322.2+55.1 325.3+42.8 323.0+47.8
Initial wt, kg 347.0+56.5 350.5+45.9 342.9+60.6
Final wt, kg 460.4+56.0 469.5+51.7 473.6+56.2
Gain, kg 113.4+22.7 119.0+25.7 130.7+21.9
ADG, kg 1.50+.30 1.53+.33 1.49+.25
Daily DM intake, kg 10.51 10.63 9.24
Feed/gain ratio 7.01 6.95 6.20

Carcass characteristics

Chilled wt, kg 274.8+34.6 275.4+34.3 284+37.4
Dressing % 59.7+2.2 58.6+1.7 60.0+2.7
Marbling') 4.4+.70 4.5+.85 4.8+.92
Adj backfat, cm 1.19+.42 1.02+.23 1.03+.16
Fat color

2
Ribeya area, cm

5.0+0
74.5+8.9

5.0+0
78.1+6.7

5.0+0
79.0+6.1

Grade 10.6+1.4 10.8+2.2 11.5+1.8

a
CSM-U, FM-U and FM-U+ represent cottonseed meal-urea, feather meal-urea
and feather meal-urea+high grain treatments, respectively.

b
5 = small, 4 = slight, 3 = traces.

c
5 = white, 4 = slightly yellow tinge, 3 = slight yellow

d
13 = average choice, 10 = average good, 7 = average standard.
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TABLE 4. TASTE PANEL EVALUATIONS, FEEDLOT TRIALS 1 AND 2

Item
d

Treatments
c

DPW-U FM -U FM-U+ CSM-U
Trial 1

Aroma 6.40+.43 6.17+.27 6.42+.32

Tenderness 6.03+.68 5.22+.06 5.33+.55

Juiciness 5.83+.61 5.42+.67 5.55+.27

Flavor 6.14+.29 5.73+.36 5.87+.45

Overall 6.09+.49a 5.15+.73
b

5.40+.35
b

Trial 2

Aroma
5.93+.34 6.16+.49 5.99+.53

Tenderness 5.28+.71 5.80+1.38 5.09+1,34

Juiciness 5.36+.45 5.64+1.09 5.50+.55

Flavor 5.59+.30 5,88+.60 5.60+.68

Overall 5.37+.38 5,69+1.06 5.29+.84

a
'
b
Means in the same row with different superscripts differ signi-

cantly (P<.05).

c
DPW -U, FM-U, FM-U+ and CSM-U represents dried poultry waste-urea,

feather meal-urea, feather meal-urea+high grain and cottonseed meal-

urea, respectively.

d
Scored on an eight point hedonic scale with 8 being the most

desirable and 1 the least.
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SUMMARY

Trials were conducted over two successive years to determine the

effects of supplemental energy level for lactating cows and creep feeding

calves during the wintering period on winter and summer performance of

fall-born calves. Additionally, half of the calves from each winter

treatment group were early weaned in April onto either alfalfa-fescue

or alfalfa-orchardgrass irrigated pastures. The remaining calves were

moved to range with the cows and weaned August 1.

Winter energy levels for the cows represented 100 and 105% and 110

and 115% of NRC (1976) recommended requirements for lactating cows for

the low and high energy treatments in trials 1 and 2, respectively. The

higher level of winter energy supplementation of cows increased (P<.05)

1
Technical Paper No. , Oregon Agr. Exp. Sta.

2
Partial support supplied by Cooperative State Research Service,

U.S. Department of Agriculture, Washington, D.C. 20250.
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winter calf gains in both trials. However, winter gain was inversely

related to summer gains, resulting in no difference in August calf

weights due to winter energy level of the cows.

Winter creep consumption in both trials of 1.3 kg per day increased

(P<.05) winter calf gains and had no effect on subsequent summer gains.

Creep feeding increased (P<.05) August weaning weights by 17 and 39 kg

for trials 1 and 2, respectively.

Early weaned calves grazing alfalfa-orchardgrass irrigated pasture

had increased (P<.05) summer gains compared to calves grazing alfalfa-

fescue irrigated pastures during both trials. However, early weaning

onto irrigated pasture reduced (P<.05) summer ADG compared to weaning

off range in late summer.

(Key Words: Winter Cow Nutrition, Creep Feeding, Weaning Time, Irri-

gated Pasture.)

INTRODUCTION

The wintering period is a critical time for fall-calving cows.

Demands of lactation and maintaining adequate condition for conception

increase the energy requirements over that of dry spring-calving cows.

However, it is equally important not to overfeed the cows as excess

energy can be utilized more efficiently by direct supplementation of the

calf. Turner et al. (1970) supplemented ad libitum meadow hay during

the winter period to supply 85 and 100% of the recommended NRC (1963)

energy requirement for lactating cows and found no difference in winter

or summer calf gains due to cow energy levels. Foster and Raleigh
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(1973a) have shown that direct supplementation of the calf during the

wintering period results in significantly greater calf gains and wean-

ing weights. However, the economics of creep feeding depend on the

relationship between market value of calves and feed cost.

The frequency of dry years on western ranges often results in heavy

culling practices and premature selling of calves to reduce the stocking

pressure on spring and summer range. Fall-born calves, which are 5 to 6

months of age at spring turnout, can be early weaned and moved to supple-

mentary forage sources if available. This allows the option of main-

taining ownership of calves and deferring range since dry cows can go

onto range without the demand for milk production. Irrigated pastures

offer such a supplementary forage source and Gomm (1979) reported summer

daily gains by early weaned fall born calves of .6 to .8 kg.

The objectives of the current studies were to further evaluate the

effects of creep feeding and winter energy requirements of the cow on

calf performance through weaning. Early weaning in spring onto either

alfalfa-fescue or alfalfa-orchardgrass irrigated pasture was compared to

weaning the calves off range in late summer.

EXPERIMENTAL PROCEDURE

Seventy-eight fall calving cow-calf pairs in trial 1 and 91 cow-calf

pairs in trial 2 of Hereford and Hereford-Angus breeding were assigned in

December by cow age and production index and calf weight and sex to a

2 x 2 factorial experiment. Treatments consisted of two levels of supple-

mental energy for wintering lactating cows and two levels of creep feed

for the calves.
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During the 120-day winter period of trial 1, the cows received

either meadow hay (IRN 1 03 181) alone as a low energy treatment or

meadow hay supplemented with .7 kg rolled barley (IRN 4 07 939) as a high

energy treatment. Low and high energy treatments represent 100 and 105%,

respectively, of the recommended requirements for lactating cows (NRC,

1976). Frost damaged wheat hay (IRN 1 05 171) was substituted for

drought restricted supplies of meadow hay during the 126-day winter

period of trial 2. Wheat hay is similar to meadow hay for nutritive

quality (NRC, 1971), however, the effects of the frost damage on energy

values was not known. Prior to starting the winter treatments in

trial 2, a reduced daily intake of wheat hay was observed compared to

average daily intakes of meadow hay. Energy supplementation was

increased in trial 2 to 1 kg rolled barley for the low energy treatment

and 1.8 kg rolled barley for the high energy treatment to account for

the lower intake of wheat hay. Using NRC (1971) values for the wheat

hay, these levels of supplementation represent 110 and 115% of the NRC

(1976) recommended requirements for the low and high energy treatments,

respectively. However, this assumes that the cows were meeting their

dry matter intake requirements.

Half of the calves from each cow treatment group in both trials had

access to creep feed during the winter study periods. The pelleted

creep ration consisted of 80% alfalfa hay (IRN 1 00 063), 13% rolled

barley, 5% molasses (IRN 4 04 696) and 2% salt.

Half of the calves from each previous winter treatment group in

both trials were weaned in April and moved to irrigated pasture. The

remaining calves were moved to range with the cows and weaned August 1.
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The early weaned calves were allotted by weight, sex and previous treat-

ment to either alfalfa-fescue (Medicago sativa L.-Festuca arundinacea

Schreb.) or alfalfa-orchardgrass (Medicago sativa L.-Dactylis glomerata

L.) irrigated pastures. The calves remained on pasture for 117 days in

trial 1 and 119 days in trial 2 and were weighed off study at the same

time the calves on range were weaned. The effects of early weaning

pasture treatments, weaning time and previous winter treatments on calf

performance through August were compared.

Least squares analysis of variance for factorial designs and one-

way classifications were conducted on the data. Differences in treat-

ment means were tested for significance (P<.05) by the Student's t test

or by using Least Significant Difference as described by Steel and Torrie

(1960).

RESULTS AND DISCUSSION

The effects of cow winter treatments on calf spring turnout weights

and average daily gains (ADG) are shown in table 1. The high energy

treatment increased (P<.05) ADG during both trials, resulting in heavier

calves by spring turnout in trial 1, but not trial 2. Supplementing

the cow to increase calf gains was not an efficient method as it

required 10 and 22 kg of cow supplement to produce 1.0 kg of calf gain

for trials 1 and 2, respectively.

The difference in calf gains between trials is probably a result

of differences in roughage sources and intake between trials. Frost

damaged wheat hay in trial 2 compared to meadow hay in trial 1 resulted

in a reduced hay intake by the cow-calf pair of 2.45 kg per day based
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TABLE 1. THE EFFECTS OF COW WINTER NUTRITION ON CALF PERFORMANCE

THROUGH SPRING TURNOUT.

Item

Trial 1 Trial 2

Low High Low High

No. of calves 38 40 45 46

Days on treatment 120 120 126 126

Initial wt, kg 51.2+11.6 51.5+14.1 52.3+9.0 51.4+9.0

Turnout wt, kg 136.9+22.3a 145.3+26.7b 123.2+25.3 128.6+25.9

Gain, kg 85.7+15.7a 93.8+16.8b 70.9+20.3a 77.2+24.1b

ADG, kg .71+13a .78+.14b .56+.16a .61+.9
b

Daily cow suppl., kg
c

0 .7 .7 1.8

Suppl/calf gain ratio 10.0 22.0

a
'

b
Mean within trials, in the same row with different superscripts differ

significantly (P<.05).

c
Cow supplements consisted of rolled barley.
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on bale counts and randomly weighed bales. This indicates a lower

digestibility and/or palatability for the wheat hay. The reduced intake

is probably a combination of reductions by both the cow and the calf.

Reductions in calf intake would be expected as the young calf requires a

high quality forage to initiate early rumination and an appreciable

roughage intake.

The effects of creep feeding on spring turnout weights and ADG of

calves are shown in table 2. Creep consumption was similar during both

trials with calves consuming 1.3 kg per day during the winter study

period. Creep feeding increased (P<.05) ADG, resulting in heavier spring

turnout weights for both trials. The direct supplementation of the calf

was more efficient than supplementing the cow to increase calf gains.

Calves required 8.7 and 5.2 kg creep per 1.0 kg calf gain for trials 1

and 2, respectively. No significant (P>.10) creep by cow winter treat-

ment interactions were found in either trial.

The effects of weaning time and the early weaning irrigated pasture

treatments on calf performance are shown in table 3. Early weaned cal-

ves grazing alfalfa-orchardgrass pastures gained faster (P<.05) during

the summer than calves grazing alfalfa-fescue pastures during both

trials, resulting in heavier. August calf weights in trial 1, but not

trial 2. However, calves weaned off range had greater (P<.05) summer

gains than calves grazing alfalfa-fescue pastures for both trials and

alfalfa-orchardgrass pastures in trial 2. The magnitude of differences

in summer gains resulted in similar differences between treatments for

the combined winter and summer ADG.

The effects of previous winter cow treatments on summer calf per-

formance are shown in table 4. The effect of previous cow treatments on
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TABLE 2. THE EFFECTS OF CREEP FEEDING ON CALF PERFORMANCE

THROUGH SPRING TURNOUT

Item

Trial 1 Trial 2
Y

No Creep Creep No Creep Creep

No. of calves 39 39 47 44

Days on treatment 120 120 126 126

Initial wt, kg 50.4+12.5 52.4+13.3 52.2+8.9 51.5+9.2

Turnout wt, kg 131.1+20.4a 151.3+25.0b 111.4+15.5a 141.6+25.2b

Gain, kg 80.7+13.3a 98.9+15.7b 59.2+12.6a 90.1+18.8b

ADG, kg .67+.11a .82+.13b .47+10
a

.72+.151)

Daily creep intake, kg 1.3 1.3

Creep/gain ratio 8.67 5.20

a
'

bMeans within trials, in the same row with different superscripts differ

significantly (P<.05)



TABLE 3. THE EFFECTS OF WEANING TIME AND EARLY WEANING

TREATMENTS ON CALF PERFORMANCE

Item

Trial 1 Trial 2

Early Wean Late

Wean

Early Wean Late

WeanFescue Orchard Fescue Orchard

No. of calves 19 20 37 20 20 40

Days on treatment 117 117 118 119 119 118

Turnout wt, kg 132.0+23.4 139.9+21.4 145.9+26.5 131.3+22.3 131.0+24.6 130.3+22.1

Final wt, kg 208.3+33.7a 238.8+28.9b 251.7+32.9
b

200.0+24.9a 208.7+30.7a 258.7+29.3
b

Summer gain, kg 76.3+14.3a 98.9+18.6
b

105.8+15.3
b

68.7+8.2a 77.7+9.4
b

128.4+12.7c

ADG, kg (summer)d .64+.12a .85+.16
b

.90+.13
b

.59+.07a .66+.08
b

1.11+.11c

ADG, kg (overall)e .67+.10a .79+.09
b

.84+.10
b

.61+.08a .63+.12a .84+.11
b

a,b,c
Means within trials, in the same row with different superscripts differ significantly (P<.05).

d
Represents spring and summer ADG.

e
Represents winter - summer ADG.
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summer calf gains was similar for both early and late weaned calves.

Calves from the previous low energy cow treatment had nonsignificant

increases in summer ADG over calves from the previous high energy cow

treatments for both trials. The increased summer gains resulted in no

difference in December to August ADG or August calf weights due to winter

energy treatments of the cow. Calves from the previous creep feeding

treatments gained similarly during the summer for both trials, resulting

in increased (P<.05) December to August ADG and August calf weights for

the creep fed calves (table 5).

Discussion

The data presented in these trials indicate that direct supplementa-

tion of the calf during the wintering period is more efficient than

supplementation of the cow to increase weaning weights of calves.

Although the high level of cow energy supplementation increased winter

calf gains, no gain advantage was found by the end of the summer. Turner

et al. (1970) found no calf gain advantage for higher cow energy levels

in similar trials. The increased weaning weights from creep feeding are

confirmed by the results of Foster and Raleigh (1973a) and Ward (1970),

however, they caution that the economics of creep feeding depend on the

relationship between market value of calves and feed cost. Reduced

postweaning gains by creep fed calves should also be considered if calves

are to be sold as yearlings. Creep feeding of calves may also have a

negative effect on winter cow weight losses and cow conception rates

(Foster and Raleigh, 1973b).
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TABLE 4. THE EFFECT OF COW WINTER NUTRITION ON CALF PERFORMANCE

THROUGH THE SUMMER

Item

Trial 1 Trial 2

Low High Low High

Turnout wt, kg 136.9412.3a 145.3+26.7
b

123.2±25.3 128.6±25.9

Final wt, kg 237.2+32.2 237.6+40.5 230.4±38.5 233.0±40.5

Summer gain, kg 100.3+18.9 92.3±20.2 107.2±30.6 104.4±33.9

ADG, kg (summer) .85+.16 .79+.17 .89+.25 . 84+. 27

ADG, kg (overall) .78+.11 .78+.13 ,72+.15 .74+.16

a
'

b
Means within trials, in the same row with different superscripts differ

significantly (P<.05).
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TABLE 5. THE EFFECT OF WINTER CREEP FEEDING ON CALF PERFORMANCE

THROUGH THE SUMMER

Item

Trial 1 Trial 2

No Creep Creep No Creep Creep

Turnout wt, kg 131.1+20.4
a

151.2+25.2
b

113.8+12.7
a

147.2+17.3
b

Final wt, kg 229.0+35.2
a

246.3+35.8
b

211.7+32.0
a

251.7+35.8
b

Summer gain, kg 97.9+19.8 95.1+20.2 97.9+28.5 104.5+32.9

ADG, kg (summer) .84+.17 .80+.17 .84+.24 .89+.28

ADG, kg (overall) .75+12a .82+.11
b

.65+.12a .81+.14
b

a
'
b
Means within trials, in the same row with different superscripts differ

significantly (P<.05) .
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The difference in gain response between the fescue and orchardgrass

irrigated pasture treatments of the early weaned calves agrees with

Daugherty et al. (1980). Yearling gains were reduced on clover-fescue

pastures compared to clover-orchardgrass pastures due to a suspected

reduced intake on clover-fescue pasture. Although summer calf gains were

increased on range compared to the irrigated pasture treatments, irrigated

pastures produced satisfactory gains and offer a complementary forage

source to range. Irrigated pasture increases management's flexibility

and decreases the effect of seasonal fluctuations in range forage avail-

ability and quality.
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SUMMARY

A total of 71 Hereford x Angus steers were assigned directly to the

feedlot after weaning or wintered at one of two energy levels and subse-

quently finished on range on one of two energy levels in trials conducted

over a two year period.

Daily supplementation with 1.4 kg barley increased (P<.05) winter

ADG in trial 1 but not trial 2. Differences in winter treatment response

between trials were attributed to differences in pretrial nutrition and

hay intake between trials. Steers in trial 2 were held at a higher rate

of gain from weaning and entered the range finishing phase 78 kg heavier.

The heavier weights in trial 2 had no effect on finishing gains as the

higher level of supplementation on range increased (P<.05) ADG during

1
Technical Paper No. . Oregon Agricultural Experiment Station

2
Partial support supplied by Cooperative State Research Service, U.S.

Department of Agriculture, Washington, D.C. 20250.

3
Department of Animal Science, Oregon State University, Corvallis.

4
Jointly operated by Oregon Agricultural Experiment Station, Oregon State
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both trials. However, steers in trial 2 maintained their weight advantage

and were slaughtered at 79 kg heavier weights.

Feedlot finishing increased (P<.05) ADG in both trials and produced

slaughter animals of higher quality in 5 to 6 months less than range

finishing. Although range finished steers carried less finish, they

required only 21 to 37% as much grain as feedlot finished steers to reach

the desired slaughter weight.

The lighter range finished steers in trial 1 had lower (P<.05)

dressing percents and smaller (P<.05) ribeyes than feedlot finished beef.

Slaughtering at heavier weights in range trial 2 resulted in dressing per-

cents and ribeye areas equal to feedlot finishing. Quality grades were

not increased by feedlot finishing in either trial. However, feedlot

finished beef had higher taste panel scores compared to range finished

beef in trial 2. No comparison was available for trial 1.

(Key Words: Range Finishing, Limited Grain, Feedlot Finishing, Carcass

Quality, Taste Panel Acceptability.)

INTRODUCTION

Increasing demands on domestic grain supplies to feed the rapidly

growing world population have resulted in criticism of our current system

of using large quantities of grain for the production of slaughter beef.

Several alternative methods of finishing beef cattle have been resear-

ched with the primary objectives being to increase the use of forage and

minimize grain while still producing an acceptable quality of beef.
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Feedlot finishing compared to forage with limited grain or all forage

finishing produces faster gains, higher dressing percents and higher gra-

ding beef, but yields lower percentages of primal cuts (Turner and

Raleigh, 1977 and Bowling at al., 1978). The consumer acceptability of

beef from the various forage finishing systems has been variable.

Bowling et al., (1977) reported feedlot finishing produces more tender

and overall desirable beef. Schupp at al. (1979) found that although

feedlot finishing produced more tender beef compared to forage with

limited grain finishing, the differences were small and all beef was

acceptable to the consumer.

Various methods to improve the desirability of lower grading beef

have shown promise. Postmortem electrical stimulation accelerates car-

cass pH decline, hastens rigor development and reduces shear force test

resulting in improved taste panel tenderness (Savell at al., 1978 and

Schroeder at al., 1978).

The current trials were conducted to compare feedlot finishing vs

wintering and subsequent finishing on range with limited grain. The

effects of postmortem electrical stimulation of range finished beef on

taste panel acceptability was also evaluated.

EXPERIMENTAL PROCEDURE

A total of 71 Hereford x Angus fall-born steers were assigned after

weaning in August to either range or feedlot finishing treatments in

trials conducted over two successive years. Steers were either shipped

directly to the feedlot or placed on a post weaning growing ration,

wintered at one of two energy levels and subsequently finished
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on range on one of two energy levels.

Range finishing trials. Eighteen steers in trial 1 and 20 steers in

trial 2 were allotted by weight to one of two levels of winter energy

supplementation following respective post weaning growth periods of 98

and 99 days. Steers received 2.3 kg bluegrass straw (7.6% crude protein)

per head daily and alfalfa hay (IRN 1 00 063) ad libitum either alone or

supplemented with 1.4 kg rolled barley (IRN 4 07 939) as the low and high

energy winter treatments, respectively. Winter trials terminated after

161 days in trial 1 and 166 days in trial 2, depending on the availability

of range forage in the spring.

Following the winter study, steers were allotted by weight and pre-

vious treatment to one of two levels of energy supplementation on range.

Steers grazed native sagebrush-bunchgrass (Artemisia tridentata-Agropyron

spicatum) range in trial 1 and crested wheatgrass (Agropyron desertorum)

range in trial 2. Daily supplements consisted of either .9 or 2.3 kg

rolled barley for the low and high energy range treatments, respectively.

Steers had free access to trace mineralized salt, bone meal and water at

all times. Steers were slaughtered off range following a 62-day finish-

ing period for both trials prior to the rapid decline in forage quality

that occurs after maturation (Raleigh, 1970).

Feedlot trials. Eighteen steer calves in trial 1 and 15 steer calves

in trial 2 were shipped to a feedlot following weaning. Upon arrival in

the feedlot, steers received grass hay for 25 and 68 days before starting

treatment for trials 1 and 2, respectively. Steers were then allotted

to treatments by weight to compare low quality roughage sources in 35%

roughage growing rations and 17.5% roughage finishing rations. Rations

were formulated to 15 and 11% crude protein and 70 and 80% TDN for the
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growing and finishing rations, respectively. Composition and analyses of

the feedlot growing and finishing rations are shown in table 1.

Steers were given an initial implant of 36 mg zeranol and fed the

growing ration to a mean weight of 360 kg. A second implant of 36 mg

zeranol was then given and the steers were fed the finishing ration until

slaughter. Steers were weighed at 14-day intervals and slaughtered upon

reaching a minimum of 7.6 mm backfat as determined by measurement with an

ultrasound instrument.

The feedlot treatments and results are discussed in more detail in a

companion paper (Daugherty et al., 1980). However, for the present com-

parison to the range finishing treatments, the feedlot treatments were

combined into one treatment to increase the number of observations and

strengthen the comparison. The combining of feedlot treatments is justi-

fied as no major differences were found between treatments.

Electrical stimulation and taste panel evaluations. Immediately

following slaughter the right side of each range finished carcass was

subjected to electrical stimulation (600 volts, 7 amps, 60 cycles/sec)

for 60 seconds with electrodes placed in the neck and semitendinosus

muscle. Samples of longissimus muscle from the dleventh to thirteenth

rib of both carcass halves for range finished steers and the right car-

cass half of feedlot finished steers were frozen and stored (-34 C) for

subsequent taste panel evaluations. Frozen steaks were cooked in match-

ing gas ovens for 10 minutes on each side in broiler pans 18 cm from

the flame. After 20 minutes thermocouples were inserted into the center

of the steak which was then cooked to a final internal temperature of

70 C. Ten-member trained sensory panels then evaluated steaks for aroma,
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TABLE 1. COMPOSITION AND ANALYSIS OF FEEDLOT RATIONS, TRIALS 1 AND 2

Item IRN

% as fed

Growing Finishing

Roughagea 35.00 17.50
Alfalfa hay 1 00 063 5.00 2.50
Barley, rolled 4 07 939 11.50 26.65
Wheat, rolled 4 05 210 30.00 40.00
Cottonseed meal, 41% 5 01 632 5.00 1.25
Feather meal 5 03 795 5.00 1.25
Urea .50
Molasses cane 4 04 696 7.50 7.50
Tallow 4 00 375 2.50
Limestone 6 02 632 .40 .70
Tricophos

b .05
Vitamin A premix .05 .05
Rumensin premixc .05 .05

Analysis (% Dry)
Dry matter, % 90.3 89.9
Crude protein, % 14.9 10.5
Estimated TDN 70.0 80.0

a
The feedlot studies were also conducted to evaluate 4 low quality rough-
age sources for growing and finishing rations (Daugherty et al., 1980).

b
Premixed at 4.4 x 10

6
IU/kg.

cPremixed at 66 g/kg.
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tenderness, juiciness, flavor and overall desirability on an 8-point hedonic

scale with 8 being the most and .1 the least desirable.

Least squares analysis of variance for factorial designs and one-way

classifications were conducted on the data. Differences (X.05) between

treatment means were tested by student's t or by using least significant

difference as described by Steel and Torrie (1960).

RESULTS AND DISCUSSION

The results of the winter growth trials are shown in table 2. Daily

supplementation of steers with 1.4 kg barley increased (PK.05) average daily

gains (ADG) in trial 1 but not trial 2. The difference in treatment response

between trials is attributed to differences in pretrial nutrition and

differences in hay intake between trials. Steers consumed 2.3 kg more hay

in trial 2 which more than accounts for differences in intake due to differ-

ences in steer weights between trials. Apparently, efforts to reduce hay

wastage in trial 1 resulted in not allowing sufficient orts to maintain maxi-

mal intake. Restricted hay intake in trial 1, which is also supported by

lower steer gains compared to trial 2, would result in a more beneficial

effect from the higher level of supplementation.

Differences in pretrial nutrition also support the above conclusions..

Steers in trial 1 were on all forage diets during the 99-day postweaning

period compared to a daily supplement of 1.4 kg rolled barley in trial 2.

This resulted in an increase postweaning (pretrial) ADG of .54 kg and 40

kg heavier steers by the start of the winter study in trial 2. This streng-

thens the conclusion that hay intake was restricted during the wintering

period in trial 1 as these steers would have been expected to compensate for



TABLE 2. PERFORMANCE OF YEARLING STEERS WINTERED AT TWO ENERGY LEVELS

Item

Trial 1 Trial 2

Low High Low High

Pretrial ADG, kg .44+.12 .98+.10
Days on treatment 161 161 166 166
Initial wt., kg 291.6 + 40.6 288.8 + 36.5 326.8 + 36.1 333.9 + 41.5
Final wt., kg 352.6 + 46.6 378.0 + 44.6 438.6 + 29.7 448.3 + 42.7
Winter gain, kg 61.0 + 19.0 89.2 + 10.9 Is 111.8 + 13.9 114.4 + 16.0
ADG, kg .38+ .07a .55T .0711 .67+ .08 .69+ .10_
Hay intake, kg/hd/day

Alfalfa 7.49 7.18 10.56 10.00
Bluegrass straw 2.42 2.33 1.67 1.72

Barley intake
Kg/hd/day 0 1.4 0 1.4
Kg/hd/trial 0 219.1 134.7 360.6

a,b
Means within trials, in the same row with different superscripts differ significantly (P<.05).

c
Trial 2 includes barley intake during 99 day pretrial period of 134.7 kg.
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the restricted postweaning gains. Compensatory gains have been shown to

parallel increased intakes (Horton and Holmes, 1978).

The results of the range finishing treatments are shown in table 3.

Although steers entered the finishing phase 78 kg heavier in trial 2, the

finishing treatment responses were similar between trials. Increasing the

energy supplementation level on range from .9 to 2.3 kg increased (P<.05)

ADG during both trials. However, it required 10.8 and 10.0 kg of supple-

mental barley per kg gain for trials 1 and 2, respectively. Native range

in trial 1 compared to crested wheatgrass range in trial 2 had no effect on

finishing treatments response.

Previous winter treatments had a significant effect on range finishing

gains in trial 1 but not trial 2. Steers from the previous low energy winter

treatment compensated for their restricted winter gains, resulting in

increase (P<.05) ADG compared to steers from the previous high energy winter

treatment. This resulted in equal slaughter weights for steers from both

previous winter treatments. These results agree with a report by Castle

et al. (1961) which found that rate of winter gain together with length of

wintering period has a significant negative effect on subsequent summer gains.

However, calves restricted to limited winter gains were considerably lighter

at the end of the summer grazing period. Although this work was concerned

with spring-born calves, a similar relation would be expected with fall-born

yearlings. Generally, with fall-born yearlings to be finished on range, the

higher rate of winter gain is more economical as the steers are heavier

entering the finishing phase and require less time to reach slaughter weight.

The importance of a constant rate of growth is shown by the differences in

gains from weaning to slaughter between trials 1 and 2. Steers in trial 2

were slaughtered at 79 kg heavier weights at a similar age.



TABLE 3. PERFORMANCE OF STEERS FINISHED ON RANGE VS FEEDLOTS

Item

Trial 1 Trial 2
Range

Feedlot
Range

FeedlotLow High Low High

Wean wt., kg
Initial wt., kg
Final wt.. kg
Days postweaning
ADC, kg ( postweaning)
Days finishing'
ADC, kg (finishing)
Concentrate intake

Kg/hd/day
c

Kg/hdd

.241.0 +39.2
368.4 ;50.18
413.2 ;42.58
350.0 To-

.49+ .05
a

62.0 ;Da
.72; .268_

.9

154.0

238.5 +30.0
362.1 ;44.68
412.5 ;3/.18
350.0 To

.504 .06a
62.0 ;Da

.81; .24a

2.3
262.0

236.6 +25.5b
256.0 ;25.4b
451.6 ;25.9b
165.1 T10.4

1.31T .12

140.1 ;10.41)
b1.46 .16

6.61

979.0

239.9 +40.8
442.6 ;35.38
485.8 ;33.9a

.72; .08a

341.0 Te

62.0 ;Da
.70+ .20a

.9

304.0

234.8 +35.2
444.4 ;38.9a
496.7 ;399.08
341.0 ;C

.771 .068
62.0 T08

.811.; .158

2.3

338.0

220.0 +38.7k
283.5 ;28.0Z
440.8 T42.4::
186.3 T13.7,

1.23; .12'
120.3 +13.7b
1.38; .14b

7.38
935.0

a,b
Means within trials, in the same row with different superscripts differ significantly (P<.05).

c
Does not include roughage intake from the feedlot rations.

d
Includes all concentrate intake from weaning to slaughter.
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A comparison of the range finishing treatments to feedlot finishing

is also shown in table 3. Feedlot finishing increased (PC.05) ADG by

.63 and .61 kg and produced slaughter animals 6 and 5 months sooner than

combined range finishing treatments for trials 1 and 2, respectively.

Although range finished steers carried less finish, they required only

21 to 37% as much grain as the feedlot finished steers to reach the de-

sired slaughter weight.

Slaughter weights were similar between feedlot finishing trials as

they were slaughtered upon reaching a predetermined backfat thickness.

Range finished steers were to be slaughtered at a pre-determined weight,

however declining forage quality after mid-July results in a need for

higher levels of supplementation if feeding beyond this time. The lower

rate of growth from weaning to slaughter in range trial 1 resulted in

steers being slaughtered at significantly lighter weights than the feed-

lot finished animals. Range finished steers in trial 2 were maintained at

a higher postweaning growth rate and were slaughtered at a more desirable

weight.

The range vs feedlot finishing carcass comparison is shown in table

4. No differences were found between the range finishing treatments for

any of the carcass traits measured. The lighter slaughter weights for

range finished steers in trial 1 resulted in a lower degree of finish,

lower (P<.05) dressing percents and smaller (P <.05) ribeyes compared to

feedlot finished animals. Finishing on range to heavier weights in trial

2 resulted in equal dressing percents and ribeye areas and heavier (P4.05)

chilled carcass weights compared to feedlot finishing.

Carcasses of range finished steers in trial 1 had significantly

yellower fat than feedlot finished steers. This may be the result of the



TABLE 4. CARCASS CHARACTERISTICS OF STEERS FINISHED ON RANGE VS FEEDLOTS

Item

Trial 1 Trial 2

Range Feedlot Range Feedlot

Maturity
Chilled wt., kg
Dressing %
Marbling
Backfat, cm.
Fat colord
Ribeye area, cm

2

Gradee

A-
225 +24.0
54.5 + 1.7a
3.7 + 1.24
.55+ .25

3.0 TOa
62.5 T- 7.2a
9.4 + 2.0

A-
256.9 +13.8u
56.9 -1: 1.8u
4.2-T .55

1.43T .32'
3.9 T .2Ab

67.1 --i: 5.5°
10.4 II= 1.5

A-
289.3 +24.9a
57.7 + 2.1
3.9 + .72

.72+ .22a
4.9 + .31
72.3 + 6.7
9.7 + 1.8_

A-
260.0 +17.4

b

57.9 -4-- 1.8

4.1 + .46,
1.14+ .21u
5.0 To
69.3 + 4.4
10.5 + 1.2

a,b
Means within trials, in the same row with different superscripts differ significantly

(P<.05) .

c
5 = small, 4 = slight, 3 = traces.

d
5 = white, 4 = slight yellow tinge, 3 = slightly yellow.

3
13 = average choice, 10 = average good, 7 = average standard.
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lighter weights and lower degree of finish when turned onto spring range

for the finishing phase. A lower degree of finish would result in a high-

er concentration of carotene in the deposited fat. The grazing of native

range in trial 1 compared to crested wheatgrass in trial 2 may also be

involved.

Although feedlot finished steers had higher marbling scores and

quality grades than the range finished steers, the differences were not

significant for either trial. The range finishing treatments produced

carcass grades of low good, however, feedlot finished steers graded

(average good), lower than usually desirable for typical feedlot condi-

tions. Apparently, the predetermined backfat thickness for slaughter of

feedlot animals was insufficient to produce choice grades from the

experimental animals in these trials. The use of low-quality roughages

in the growing and finishing feedlot rations may have been involved.

However, daily gains were very acceptable on these rations, indicating

that steers graded lower due to premature slaughter.

The results of the taste panel evaluations are shown in table 5.

Postmortem electrical stimulation of range finished beef increased (P .<.05)

tenderness in trial 2 but not trial 1. Although electrical stimulation

did not significantly increase the other taste panel measures, all

measures tended to be increased. The differences in taste panel scores

between range finishing trials were unexpected. Steers in trial 2 were

heavier and had a higher degree of finish, but received lower taste panel

scores for all measures. This may be a result of the fact that taste

panels did not have feedlot finished beef to compare to in trial 1 as

these samples were lost in a burglary of the Oregon State University Meat
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Science Laboratory. Feedlot finishing in trial 2 increased (P<.05) taste

panel scores for aroma, tenderness, juiciness, flavor and overall desira-

bility over range finishing regardless of the electrical stimulation

treatment. Additionally, the range finished beef in trial 2 received

taste panel scores for tenderness, juiciness and overall desirability

below the consumer acceptable level of 5 on the hedonic scale. When the

comparison to feedlot finished beef was not made in trial 1, range

finished beef was found to be highly acceptable for all taste panel

measures.
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TABLE 5. TASTE PANEL COMPARISON OF STEERS FINISHED ON RANGE VS FEEDLOTS

Trial 1 Trial 2
Range Range

Item
d

Control Electric Control Electric Feedlot

Aroma 6.0+.41 6.0+.42 5.2+.28a 5.3+.321,
a

6.2+.43
b

Tenderness 5.6+.81 5.8+.68 4.2+.77a 4.6-17.55u 5.6-1-.70/c,

Juiciness 5.0+.45 5.4+.81 4.7+.74a 4.4-7-.54a 5.711.40Z

Flavor 5.7+.42 5.9+.54 4.9+.50a 5.0+.49a 6.6T.41Z
Overall 5.4+.49 5.6+.60 4.5+.72a 4.7+.55a 5.8T.44u

a,b
'

c
Means in trial 2 in the same row with different superscripts differ

significantly (K.05).

d
Scored on an eight point hedonic scale with 8 being the most desirable

and 1 the least.
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DISCUSSION

Results of these trials indicate that following weaning in late sum-

mer, fall-born calves can be wintered and subsequently finished on range

to a good carcass grade with a minimal intake of grain. Raleigh et al.

(1967) and Bowling et al. (1978) have reported that good grading beef can

be produced by spring-born steers with a minimum of grain by grazing for

maximum growth and frame on spring and summer forage followed by a

short full-feed finishing period. Both systems will produce slaughter

animals in 21 to 22 months and result in considerable savings in grain

over feedlot finishing.

Finishing either fall or spring born steers on range under these

conditions requires a constant rate of growth from weaning to reach

desired slaughter weights before decreasing forage quality for fall-born

steers or onset of winter for spring-born steers reduces daily gains and

efficiency. Fall-born steers have an advantage of reduced grain intake

but must be wintered on a high quality forage. Spring-born steers can be

wintered at lower rates of gain and then grown to maximum frame on high

quality spring and summer forage before finishing.

Although feedlot finishing produces faster gains, increased dressing

percents and higher quality grades (Turner. and Raleigh, 1977 and Bowling

et al., 1978), the objectives of the range finishing programs are to mini-

mize grain intake and produce a lower grading yet still highly desirable

quality of beef for consumers. Bowling et al. (1977) reported decrease

tenderness and desirability of beef produced on various forage finishing

programs compared to feedlot finishing. However, Schupp et al. (1979)

found differences to be small between feedlot and forage with limited
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grain finished beef when fed to equal slaughter weights and all beef was

highly acceptable to consumers.
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SUMMARY

Feedlot trials were conducted over two successive years to compare

perennial ryegrass straw, annual ryegrass straw, wheat straw and grass

hay as low quality roughages included at 35 and 17.5% in growing and fin-

ishing rations, respectively. No differences were found between treat-

ments in trial 1 for days on feed, slaughter weight, average daily gains

or quality grade. However, steers on the perennial ryegrass straw treat-

ment tended to have increased intakes and lower feed efficiency. Steers

on the wheat straw treatment in trial 2 had reduced (P<O5) ADG, but
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reached the pre-determined backfat thickness for slaughter at lighter

weights. All carcass traits measured were similar between treatments in

trial 2 with the exception of lighter (PG05) chilled carcass weights

for steers on the wheat straw treatment. Taste panel evaluations found

no differences between treatments for beef desirability with all treat-

ments producing highly desirable beef.

The data reported indicate that including straw in feedlot growing

and finishing rations at the levels used in these trials will have no

adverse affects on daily gains, carcass traits or desirability of beef.

(Key Words: Low Quality Roughages, Feedlot Finishing, Beef Cattle.)

INTRODUCTION

An abundance of low-quality roughages including cereal and grass

straws, exists throughout the world. In many instances these materials

create disposal and environmental problems. Traditionally, by-product

cereal and grass straws have been ploughed back into the soil or disposed

of by open-field burning. Alternative methods of disposal have been

researched for several years including their potential for use in rumin-

ant rations.

By-product straws are characterized by low digestible protein and

energy due primarily to the relatively high amounts of cellulose and

lignin. The low digestibility results in a slower passage rate and

reduced voluntary intakes when fed as a high percentage of ruminant

diets. Several processing methods have been used to increase the
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digestibility and speed passage, however, economics have generally been a

limiting factor.

The use of straws in growing and finishing rations has been limited,

as increasing amounts decrease daily gains and feed efficiency resulting

in longer feeding periods (Anderson, 1978). However, Church and Kennick

(1977) found satisfactory animal performance when ryegrass straw was fed

at levels up to 35% in growing rations and 15% in finishing rations.

The objectives of the current trials were to evaluate low-quality

roughages that are available in Oregon as the major roughage source for

growing and finishing feedlot rations. The effect of roughage source on

live animal performance, carcass quality and palatability of beef were

evaluated.

EXPERIMENTAL PROCEDURE

Eighteen steer calves in trial 1 and 15 steer calves in trial 2 of

Hereford-Angus breeding and 230 kg in weight were placed in a feedlot

following weaning. Steers were fed good quality grass hay for 25 and

68 days postweaning before being assigned to feedlot treatments for

trials 1 and 2, respectively. Steers were then allotted by weight to

treatments to compare perennial ryegrass straw (PRS), annual ryegrass

straw (ARS), wheat straw (WS) and grass hay (GH) in trial 1 and ARS, WS

and GH in trial 2 as roughage sources for growing and finishing feedlot

rations. Rations were formulated to 15 and 11% crude protein and 70 and

80% TDN for the 35% roughage growing ration and 17.5% roughage finishing

ration, respectively. Composition and analyses of the feedlot rations

are shown in table 1.
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TABLE 1. COMPOSITION AND ANALYSIS OF FEEDLOT

RATIONS, TRIALS 1 AND 2

Item IRN

% As fed

GROWING FINISHING

Roughage 35.00 17.50

Annual ryegrass 1 04 059

Perennial ryegrass 1 04 076

Wheat straw 1 05 175
Grass hay 1 02 250

Alfalfa hay 1 00 063 5.00 2.50

Barley, rolled 4 07 939 11.50 26.65

Wheat, rolled 4 05 210 30.00 40.00

Cottonseed meal, 41% 5 01 632 5.00 1.25

Feather meal 5 03 795 5.00 1.25

Urea .50

Molasses, cane 4 04 696 7.50 7.50

Tallow 4 00 375 2.50

Limestone 6 02 632 .40 .70

Tricophos .50

Vitamin A pre it
a

.05 .05

Rumensin premix .05 .05

Analysis (% dry)

Dry matter, % 90.3 89.9

Crude protein, % 14.9 10.5

Estimated TDN, % 70.0 80.0

aPremixed at 4.4 x 106 IU/kg.

bPremixed at 66 g/kg.
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Steers in both trials were given an initial implant of 36 mg zeranol

and fed the growing ration to a mean weight of 360 kg. A second implant

of 36 mg zeranol was then given and steers were switched to the 17.5%

roughage finishing ration. Steers were weighed at 14-day intervals and

slaughtered upon reaching a minimum 7.6 mm backfat as determined by

measurement with an ultrasound instrument. Carcass data was collected

on all steers and taste panel evaluations were conducted as described

by Daugherty et al. (1980).

Least squares analysis of variance for one-way classifications was

conducted on the data. Differences between treatment means were tested

(P<.05) by Least Significant Difference as described by Steel and Torrie

(1960).

RESULTS AND DISCUSSION

Performance and carcass results for feedlot trial 1 are shown in

table 2. No significant (P>.10) differences were found between treat-

ments for animal performance or carcass characteristics in trial 1.

However, steers on the PRS treatment consumed 16% more feed than the com-

bined total of the other treatments, resulting in a 22% reduction in feed

efficiency. The remaining straw treatments had very satisfactory feed to

gain ratios and maintained daily gains over 1.4 kg, which were equal to

the GH roughage treatment. The carcass traits were similar for all

treatments, however, the GH treatment tended to produce lower marbling

scores and reduced quality grades.

The results for feedlot trial 2 are shown in table 3. The WS treat-
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TABLE 2. STEER PERFORMANCE AND CARCASS CHARACTERISTICS,

FEEDLOT TRIAL 1

Item

Treatments
a

ARS PRS WS GH

Days on treatment
Initial wt, kg
Final wt, kg
Gain, kg

138 .6 +10.5

267 .9-1-25.8

465 .9 +18.8

198 .0+23.4

142.0+8.6
250.6 +25.0

441.2+12.3
190.6+11.4

140.6+10.4
252.8+27.7
451.4+25.1
198.6+22.4

139.2 +12.7

254.0+28.6
448.7 +37.2
194.7 +29.0

ADG, kg 1 .44±.17 1.34±.08 1.42 +.16 1.41 +.21
Intake, kg/day 9 .40 10.57 8.42 9.59
Feed/gain ratio 6 .57 7.88 5.96 6.86

Carcass Characteristics

Maturity A- A- A- A-
Chilled wt, kg 259.3+10.5 252.7+3.3 254.5+9.6 260.9+23.4
Dressing % 55.7+1.2 57.3+1.3 56.4+1.6 58.2+2.2
Marblingb 4.3+.43 4.5+.50 4.2+.45 4.0+.71
Adj. backfat, cm
Fat colorc

2
Ribeya area, cm
Grade

1.17+.23
4.0+0
69.8+6.7
10.6+1.5

1.62+.14
4.0+0
66.4+5.0
11.5+1.5

1.37+.17
4.0+0
66.7+2.6
10.6+1.3

1.52+.48
4.0+0
65.7+6.4
9.4+.9

a
ARS, PRS, WS and GH represent annual ryegrass straw, perennial ryegrass
straw, wheat straw and grass hay, respectively.

b
5 = small, 4 = slight, 3 = traces

c
5 = white, 4 = slightly yellow tinge, 3 = slight yellow.

d
13 = average choice, 10 = average good, 7 = average standard.
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TABLE 3. STEER PERFORMANCE AND CARCASS CHARACTERISTICS

FEEDLOT TRIAL 2

Treatmentsc

Item ARS WS GH

Days on treatment 112.6+10.1 122.0 +13.1 126.2+16.1
Initial wt, kg 284.9+32.1 286.3+25.4 279.2+32.1
Final wt, kg 448.3+26.8 436.0+16.7 462.7+24.91,

Gain, kg 163.4+12.4au 149.7+6.1al, 183.5+10.1"
a

ADG, kg 1.43+.11a 1.2J+.05u 1.Z+.08
Intake, kg/day 11.57 9.44 10.60
Feed/gain ratio 7.97 7.69 7.29

Carcass Characteristics

Maturity
Chilled wt, kg
Dressing

a

%

Marbling
Adj. backgat, cm
Fat color

2
Ribeyf area, cm
Grade

A-
258.6+16.1

ab

57.7+2.4
4.0+.70
1.09+.25
5.0+0
69.0+5.3
10.4+1.5

A-
247.8+12.3

a

56.8+.9
4.0+0
1.17+.21
5.0+0
70.2+2.8
10.6+1.1

A-
273.5+15.2

b

59.1+1.4
4.2+.45
1.17+.23
5.0+0

68.6+5.6
10.6+1.1

a,b
Means in the same line with different superscripts differ signifi-

cantly (P<.05).

CARS, WS and GH represent annual ryegrass straw, wheat straw and grass
hay, respectively.

d
5 = small, 4 = slight, 3 = traces

e
5 = white, 4 = slightly yellow tinge, 3 = slight yellow.

f
13 = average choice, 10 = average good, 7 = average standard.
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ment in trial 2 reduced (PG05) ADG compared to the ARS and GH treatments.

The ARS treatment group maintained daily gains equal to the GH treatment

group and reached the predetermined backfat thickness for slaughter in

fewer (P>.10) days. The reduced gains on the WS treatment had no effect

on carcass traits with all treatments having similar marbling scores and

quality grades. However, the WS treatment group reached the predeter-

mined backfat thickness at lighter weights resulting in lighter (P<.05)

chilled carcass weights than the GH treatment group.

Taste panel evaluations were conducted on the beef from feedlot

trial 2 and the results are shown in table 4. The samples for taste

panel evaluation in feedlot trial 1 were lost in a burglary of the Oregon

State University Meat Science Laboratory, consequently no data are avail-

able on this trial. No differences (P>.10) were found between treatments

for aroma, tenderness, juiciness, flavor or overall desirability of beef

in trial 2. Including straw at these levels had no effect on consumer

acceptability of beef as all taste panel scores were above a consumer

acceptable level of 5 on the hedonic scale.

Because of the limited number of animals in these trials and large

variations within treatments, it is difficult to draw conclusions regard-

ing individual straw sources. However, the data indicate that at the

levels fed, all straws resulted in satisfactory finishing performance

without adversely affecting carcass quality or beef desirability. These

results agree with those of Church and Kennick (1977) for ryegrass straw

fed at similar levels. Higher levels reduced steer performance. How-

ever, they also reported that treatment of the straw with 4% NaOH

increased intake, gain and feed efficiency. Four percent NaOH treatment

also increased digestibility of wheat straw (Coombe et al. 1979) as did
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TABLE 4. TASTE PANEL EVALUATION,

FEEDLOT TRIAL 2

Item

Treatments
a

ARS WS GH

Aroma 6.2+.39 5.9+.55 6.3+.45

Tenderness 6.0+.52 5.9+1.22 5.5+.42

Juiciness 5.6+.26 5.9+.67 5.7+.36

Flavor 6.1+.37 5.8+.49 6.0+.53

Overall 5.8+.36 5.8+.76 5.7+.32

a
ARS, WS, and GH represent annual ryegrass straw, wheat

straw, and grass hay, respectively.

b
Scored on an eight point hedonic scale with 8 being the

most desirable and 1 the least.
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anhydrous ammonia (Horton and Holmes, 1979). Although these processing

methods improve digestibility, they increase the cost of the roughage

sources. If by-product straws are to be included in growing and finish-

ing rations within the levels used in these trials, there appears to be

no advantage to chemical treatment as animal performance was very satis-

factory on the untreated straws.
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OVERALL SUMMARY

The'results reported in the proceeding journal articles indicated

that spring or fall-born beef cattle can be fed to a USDA good grade

utilizing maximum quantities of forage and minimum quantities of grain.

However, it is important to maintain a constant rate of growth from birth

to produce acceptable slaughter animals at a desirable age.

Spring-born calves must be adequately fed through the winter and

winter rate of gain has been shown to be inversely related to subsequent

summer gains on forage. However, calves fed for higher rates of gain in

the winter will generally be heavier at the end of the summer grazing

period. Improved range (crested wheatgrass) or irrigated pasture were

satisfactory spring and summer forage sources and daily gains can be main-

tained at .9 kg with limited protein and energy supplementation. The

resulting heavy feeders carry a degree of finish and can be finished to

a desired good grade by an additional 90 to 120 days of grain feeding

either on pasture or in drylot. The resulting beef is acceptable to con-

sumers.

Fall- calving cows face the demands of early lactation during the

winter feeding period. However, it appears to be more practical to

directly supplement the calf by creep feeding than to supplement the cow

to increase calf weaning weights. Creep feeding increases weaning

weights but the economics depend on the market value of calves to feed

cost relationship. Early weaning fall-born calves in April onto irri-

gated pasture reduced gains compared to weaning calves off range in late
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summer. However, irrigated pastures offer the producer a valuable

alternative forage source that will produce satisfactory summer calf

gains. Fall-born calves are traditionally sold after weaning to be

finished in feedlots. However, they can be wintered as yearlings on

high quality forage to obtain maximum growth and frame with little or no

grain supplementation. The resulting heavy feeder the following spring

carries a degree of finish and can be fattened on high quality spring

forage with limited .grain supplementation. This production system will

produce 450 to 475 kg slaughter animals of the USDA good grade with a

70 to 80% reduction in grain consumption compared to feedlot finishing.

The current studies reported in this thesis are not complete in the

fact that a comprehensive economic analysis needs to be conducted to

determine the most feasible production and marketing alternatives. The

effects of varying value to cost relationships need to be determined to

evaluate the alternative production systems under varying economic con-

ditions.
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