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than 100°10 the NRC energy recommendations as mean cow weight

increased by 190 lbs over the two year (NRC recommendations are

designed to maintain bodyweight only). In the second year five calves

from each confined group, and four calves from the pasture group

were weaned at 3 1/2 months and fed the same roughage as their

dams. The confined dry cows were placed together on 801,0 the NRC

dry, pregnant recommendation and the confined lactating cows were

placed together on 100'70 the lactation requirement (it had been deter-

mined from the previous year that 80070 the dry pregnant ration was

adequate for pregnancy, but 100% the lactation recommendation is

required for lactation). Weaning weights in both years were signifi-

cantly greater for the pasture group; milk production between the

three groups was nearly identical. The confined groups developed a



strong social ranking behavior (pecking order). Larger cows would

push smaller, more timid cows away from the feedbunk. As a result

variance for cow weight increased. Newly born calves were seen

nursing pregnant cows (secreting colostrum in preparation for par-

turition). Antibody assays showed colostrum from a cow stripped

prior to calving to have a much lower titer (for IBR and BVD) than a

cow not stripped until calving.
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COW-CALF CONFINEMENT ENERGY LEVELS

I. INTRODUCTION

The subject of beef cow confinement has received attention as

eight universities have conducted demonstration projects; projects

which usually involved comparison between total confinement systems

versus partial confinement and/or, normal pasture rearing methods.

The reasons for interest in confinement are varied, but usually

center around the large amounts of "waste" roughages that could con-

ceivably support a beef cow population. The midwest probably held

the greatest potential with vast acreages of cornstalks. Illinois alone

has 7.5 million acres of cornstalks which currently are not used as

livestock feed (Albert, 1969). Other areas, such as the Willamette

Valley in Oregon, have large acreages of grass and cereal straw

which at the present time actually pose a disposal problem. Lesser

in quantity, but greater in quality, are the vegetable waste products

found in areas such as the Rio Grande Valley of Texas.

Simultaneous with the interest and research in confinement

feeding has been research with chemical treatment of poor quality

roughages for enhanced feeding value. Midwestern universities have

done agricultural engineering work in the area of harvesting waste

roughages for maximum retention of nutritive value. Specialized

machinery has been developed for this purpose 'Hunt, 1968) .
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Confinement therefore has a potential for increasing beef

production, and basic research into this area seems justified. The

objectives of this thesis work were:

1. To evaluate the exact amount of roughage (energy) required

to maintain a beef cow in confinement.

2. To identify any managerial problems which became apparent.

The thesis itself was designed as a contribution to the confine-

ment literature. It was hoped that this document would be of

practical use to any party considering a confinement operation. Thus

academic work was not limited to any one area, but rather was

broadened to encompass all the disciplines involved in management.
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II. REVIEW OF THE CONFINEMENT LITERATURE

The eight University confinement trials, and the reported

results will be reviewed; first from an Animal Science point of view,

and then later from an economic point of view. Kercher (1971),

Marion (1972), and Riggs (1972) have reviewed the literature in

detail. Marion (1972) has listed the advantages and disadvantages

which accurately reflect the findings or statements of other workers.

Advantages

1. Less investment in land.

2. Cow numbers can be increased without increasing land area.

3. Hazards of drought and other adverse weather conditions

can be reduced by storing adequate feed reserves for future

use.

4. Plane of nutrition can be accurately known and controlled in

accordance with age and production needs of the animals.

5. Observation for illness and injuries is quicker and easier,

thus permitting prompt treatment and reduction of losses.

6. Cattle can be observed more closely for selection and culling.

7. Individual performance records can be kept more easily.

S. Precise breeding programs can be designed and controlled

more easily.
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9. Control of estrus and use of artificial insemination becomes

more practical.

10. Calves produced in confinement wean more easily and

require less time to start on finishing rations.

11. Beef production per unit of land may be increased through

utilization of harvested forages instead of grazing.

12. By products and many low quality feedstuffs may be utilized

in formulating rations.

Disadvantages

1. More investment in facilities and equipment will generally

be necessary.

2. More labor is required.

3. Closer supervision is necessary.

4. Disease problems, especially among calves, may be more

acute in some areas.

5. Risks due to severe weather conditions such as blizzards,

hurricanes, tornadoes, and heavy rainfall may be increased

as all the animals are concentrated in one spot.

b. A higher level of management is required.

7. More precise knowledge of beef cow nutrition and ration

formulization is needed.



8. An assured, adequate, economic feed supply must be

available. Investment in reserve feed may be quite large.

The main advantage of confinement is probably the increase

carrying capacity of land units and the ability to use low quality

roughages for purposes other than mulch or bedding. The main dis-

advantaae in past trials was calf disease problems.

Albert (1969) reported that Illinois pasturland carrying capacity

was increased by 4770 by applying confinement practices. Dairymen

have long practiced "soiling" or "greenchc-)pping" as a method for

increasing carrying capacity of their pastures. In the overview it

would seem inefficient to feed good quality soilage to beef cows lowly

productive animals); rather, good quality materials should be fed to

more productive animals such as feeder steers or dairy cows.

The real application of confinement for increasing the carrying

capacity of aerable land will not be in the utilization of lush, Midwest-

ern pastures, but rather in the Southeast where acid soils will not

support row crops although they will support forage crops of acid

tolerant grasses; e.g. , Coastal Bermudagrass (Vough, 1976). These

are grasses which yield large quantities of mediocre quality forage,

and thus are suited for the maintenance of animals of low productivity

(beef cows). Good land should be used to support more productive

animals. This is the reason the Midwest has been the center of the

dairy industry, and prior to the development of irrigation in the
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plains, the center of the cattle feeding industry.

Similarly, nearly all of the mid,.v- -0-ern universities utilized

corn silage in their confinement demonstrations. Perry (1974)

reported that the Purdue experiment required 16,500 lbs of 35ro dry

matter (DM) corn silage and 475 lbs of protein supplement to maintain

each cow for one year. Thus a total of 6, 202. 5 lbs of DM (including

supplement) were required to produce a 449 lb calf. Taking calf crop

percentage into consideration (9170), a net of 408.5 (449 x .91) of

calf (salable product) was produced for a conversion of 15.2 lbs

DM/lb of calf (6, 202. 5/408. 5). But if the same silage and supple-

ment were fed to a group of feeder steers, a conversion of at least

12 lbs DM/lb gain could be expected. Thus a loss of efficiency of

about 22?; is experienced.

Corn silage was used as it was the cheapest feed available that

was sure to produce good results. The trials were run to demonstrate

that beef cows can successfully be kept in confinement . . . not to

show that confinement is an economical or efficient form of manage-

ment.

1.A 600 lb steer will eat about 1.757G his bodyweight in corn
silage DM, for an intake of 10. 5 lbs DM. At a TDN of 7V1,-, (NRC,
1972) this is an intake of 7.35 lbs TDN. By Winchester's formula
(Ralston, 1970) this will yield a gain of 1. 0 lgs /day, for a conversion
of 10. 5 lbs DM/lb gain.
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While the economies of these trials will be discussed later, no

trial was able to show confinement to be as economical as less inten-

sive forms of management. Therefore, it would seem that if the

ability of confinement to increase carrying capacity is to be imple-

mented in the Midwest, it will not be a system of utilizing entire

acreages for the maintenance of beef cows, but rather the utilization

of the aftermath from those acreages; utilization of crop residues

that cannot be utilized by more productive animals. Thus it would

seem that the two main advantages of confinement (1. increased

carrying capacity; 2. opportunity to utilize low quality roughages),

are actually inter related.

In Marion's (1972) list of advantages it is mentioned that precise

knowledge of beef cow nutrition and ration formulation was required.

Marion's own project served as an example since from 1967 to 1969

lighter birthweights and reduced calf survival resulted from an inad-

vertant protein deprivation (Riggs, 1972). Deutscher (1975) reported

that in 1972 and 1973 his confined cows averaged a 975 calf crop. In

1974 only 255 of the confined cows calved, while 1005 of his pature

cows calved. The problem was said to be nutritional since the drylot

cows lost 140 lbs during the summer of 1973. Deutscher reported

that, the cause of the loss of weight is unclear, although it is thouo-ht

that the hay must have been of poorer quality than it appeared.
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The only disadvantage listed by Marion that could not be

surmounted through more careful management was calf disease prob-

lems. At the Arizona station, McGinty (1972), and later Taylor (1975)

encountered calf scouring problems right after birth. In 1971

McGinty experienced a 73'70. calf death loss within the first week of

life. E. coli was identified as the causative agent. Prophylactic

treatment with vacines and antibiotics was not effective. Several

treatment procedures were conducted, but were ineffective.

Albert (1969) reported that the four year Illinois experiment

was twice beset with outbreaks of virus pneumonia right after calving

(April). Slyter (1970) also encountered calf disease problems with an

11°,-10 death loss due to scours and pneumonia within the first flew weeks

of life. The cause was said to be the wet, muddy conditions of South

Dakota; the animals were provided no shelter, only a windbreak.

Ritchie (1973) reported serious scouring problems in newborn

calves at the Mighigan station; of 75 calves born, 37 showed clinical

symptoms. Like South Dakota, Michigan had cows calving on wet,

muddy ground, but also had an equal number of cows calving on

ground that was subjectively described as "clean". Ritchie reported

that there were no significant differences for incidences of disease on

the "clean" or "dirty" ground. This would tend to indicate an

unidentified factor affectinc calf scours.



Except for Purdue, every northern university trial had disease

problems right after calving. Ignoring Ritchie's work, this is under

standable, as early spring (calving time) is normally a period of mud

and dampness from melting snow. At the Texas station, Marion

(1972) specifically reported an absence of disease problems. It might

seem then, that the milder climate would be the answer. McGinty

(1970) and Taylor (1974), however, reported serious disease prob-

lems at the Arizona station. Alabama, with its hot, humid climate

would seem to be an area that would have disease problems, but

Harris (1970) reported no incidences of disease. Again it appeared

that there was an unidentified factor involved.

Earlier it was stated that the purpose of these trials were

demonstration only . simply to show that it was possible to pro-

duce calves in confinement. In conclusion it can be said that the only

physical problem encountered, that could not be overcome, was calf

disease.
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III. ECONOMIC REVIEW OF THE CONFINEMENT LITERATURE

In trials conducted from 1958 (Iowa.) up until 1974 (Michigan),

confinement has always been reported to be more costly than conven-

tional or less intensive (partial confinement) forms of management.

However, as mentioned in Chapter H, it should be pointed out that all

these trials used raised forages as the primary feed source; none

utilized waste roughages as a major feed source. Again the intent

was to show that confinement was physically possible, not economi-

cally feasible.

As noted in Table 1, confinement costs were always greater

than less intensive forms of management. The reason for these

increased costs was always the higher feed cost. 2

Thus, if confinement is to become competitive with conventional

forms of management, feed costs will have to be reduced. There are

two ways to do this:

1. Reduce the amount of feed below NRC recommendations,

which may be possible as reported by Marion (1972) and

Ritchie (1967).

2Michigan would appear to be an exception, with a total cost of

more than twice the feed cost. Actually the high total cost is due at

least partially to irregular accounting. Feed cost sappears to be
computed as an opportunity cost, while interest cost on land is

included ($70). Labor cost is quite high (.:A0), and a rather high
depreciation and interest cost on facilities has been charged (822. 50

each). (Investment included the construction of upright concrete silos).



2. Utilize waste roughages (cornstalks, straw etc. )

Table 1. Reported costs of beef cow management (cost/cow).

Year University

Confined Conventional
Feed Total Pasture Total
Cost Cost Cost Cost

1958
.L

Iowa $ 71.92 $ 89.90 $57.45 $ 71.81

1959-69 Texas2 81.30 136.70 62.50 120.03

1963 Ill ino is3 63.85 NA NA

1963-67 Auburn4 92.10 169.52 59.81 117.80

1967-70 Purdue 100.78 40.42

1971-72 Arizona 6 118.69 * NA NA

1972-73 Michigan7 157.00 383.72 NA NA

1 2 3 4
Ewing (1958); Marion (1971); Albert (1969); Bell (1972);

5
6 7Perry (1974); McGinty- (1972); Ritchie (1974).

Did not report total cost.
NA - Did not have pasture group.

The first proposal (feeding less than the NRC recommendations)

became a main objective of this thesis, and will be discussed at

length in Chapter IV. Briefly, however, it appeared that 1587E to 20°,70

less energy than that recommended by the National Research Council

could be fed safely to beef cows. Marion (1972) and Ritchie (1967)

have reported that confined cows held on 1005 the NRC energy recom-

mendations became overweight. It has been shown that pasture cows

stocked at a rate of 8 to 10 acres /cow will walk 2 to 5 miles /day

(Dwyer, 1960), which has been calculated to require 2.1 M cal of
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Digestible Energy (1.72 Meal Metabolizable Energy) (Marion, 1972).

This was 8°7: of the lactation recommendation and 115 of the dry,

pregnant recommendation. It therefore appeared that confinement

might hold a potential for a feed cost saving of about 105.

Bell (1972) pointed out that the development of higher yielding

forages could make confinement a profitable venture. Specifically,

Bell meant the development of higher yielding forage sorghums. The

Auburn experiment was able to obtain a maximum silage yield of 20

tons per acre. Bell calculated that if a yield of 30 tons per acre

could be achieved, confinement could become competitive with con-

ventional management systems.

Currently, forage sorghums grow to a height of 12 to 15 feet.

Further vegetative growth would require more structural carbo-

hydrates in the stems. Digestibility would therefore be lowered, and

yields of forage and increased carrying capacity would not be a linear

relationship.

Feed costs and opportunities for reduction have been discussed

in detail as they comprise 61% of the total costs, and about 70°,7e, of the

operating costs (Marion, 1971). The introduction to nearly every con-

finement report and literature review published (Taylor, 1976;

Deutscher, 1975; Ritchie, 1975; Perry, 1974; Marion, 1972; Riggs,

1972; Kercher, 1971; Meiske, 1970) has stated that a basic economic

advantage of confinement is reduced investment in land. Upon
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cursory examination of the cost figures published (Ritchie, 1975;

Perry, 1974; Marion, 1971; and Ewing, 1958) it would appear that

the high operating (feed) costs of confinement outweigh its fixed cost

(land) advantage. This is not true when one takes opportunity costs

into consideration.

The typical Western cattle ranch has a market value of $2,000-

$3, 000 per animal unit (Eisgruber, 1976). An ordinary 6 1 /4T'D

certificate of deposit would yield a return of $125 -187. 50, or the

same as the gross return on the sale of a calf. Thus, the purchase of

a Western cattle ranch cannot be justified economically (for the pro-

duction of calves).

The economic data reported by the studies comparing pasture

and confined systems did not report investment opportunity or inter-

est costs when quantifying grazing costs. Perry (1974), Bell 1972),

and Ewing (1958) based pasture costs solely on seeding, fertilization,

and fencing costs.

Marion (1971) reported pasture costs as lease fees. Ina real

life investment situation lease fees would be a valid representation of

pasture costs. Year-round pasture can be leased for $48 per animal

unit (Bishop, 1976). As seen in Table 1, confined feed costs are

much greater. Thus, conventional management can be considered

less costly only when the real estate investment is ignored or cir-

cumvented '(via lease agreements). Ranch real estate investments
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are made for purposes other than income derived from livestock

(Martin, 1968). Thus, the conclusion that confinement will come into

play as land prices go higher (Taylor, 1976; Deutscher, 1975; Ritchie,

1975; Perry, 1974; Marion, 1972; Riggs, 1972; Kercher, 1971;

Meiske, 1970) is not necessarily true, as land prices are not a direct

function of the returns from livestock grazing.

Due to fluctuation in the cattle market it is impossible to arrive

at an average return per animal unit (calf), but a maximum (opti-

mistic) net return would be $50. Using the capitalization ratio theory

at an interest rate of 8 1/2%, the equation becomes:

$50 return
. 035 interest

for a maximum capitalization of $588 per cow-calf unit.

There are no ranches which can be bought for $588 per animal

unit, but Ritchie (1975) created a confinement lot for 100 cows at a

per cow cost of ;265. At 8 1/2.10 interest return per calf need be

.085 x $265 = $22. 52.

In summary, if feed costs (operating costs) can be lowered (or

if cattle prices increase) to allow a return in excess of .;;22.50 per

calf, one may see investment in confinement lots, regardless of what

conventional costs may be. It is therefore feed costs, not pasture land

prices that will control investment into cow-calf confinement lots.
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IV. EVALUATION OF THE RATIONS FED

Marion (1972) and Ritchie (1967) have reported specifically that

less than the NRC energy recommendations are adequate for main-

taining cows in confinement. Feed costs have been shown to be the

primary factor controlling investment into beef cow confinement

(Chater III), and thus the possibility of reduced feeding became one of

the primary objectives of this study (thesis work).

Ritchie began a wintering trial (Michigan) in 1967 by feeding

corn silage to meet NRC recommendations, but reported that he soon

found the cows becoming overweight. He then reduced the feed by 20'n;

and reported good results (1967). The following year he fed two

groups of cows 8070 and 100°,10 of the NRC energy recommendationa.

The 80T,IG group came through in "good condition and the 100',0 group

"'became too fa*".

In a more comprehensive study (Marion, 1972), three groups of

cows were fed three energy levels year round at Spur, Texas. It

soon became apparent that the "high" level fed cows were becoming

obese. Poor breeding performance was reported to be due to the

overweight condition (Riggs, 1973).

The "low" fed group, which actually received about 86'1c. the NRC

energy recommendation, were reported to wean calves as heavy- as

blackp
Typewritten Text



6

the other two groups, while maintaining their own body-weight

(Marion, 1971).

While other workers did not report their rations in terms of the

NRC recommendations, when their rations were analyzed for energy

content, variation was seen (those that reported amounts of feed fed-

see Table 2).

Table 2. Experimental rations expressed as a percentage
of National Research Countil Total Digestible
Nutrient (TDN) recommendation for 1100 lb cows.

Alabama Hay Trial 2 106°7,

Alabama Silage 3 1025

Arizona Trial 81a/c,

R

Illinois Trial 97°1,

Purdue Trial 6 101°7,.

Texas Trial 7 86°c.

Listed in Appendix, p. 73, 74.

Since most of the trials used silage as the main feed source,

the values in Table 2 are approximations. Slight variations in DM,

and the inherent variability in silage quality make value estimates

very difficult to quantify since proximate analysis was not given.

However, even with this inherent inaccuracy a very interesting

pattern emerges. All the trials appear to be attempting to meet the

NRC recommendations, except for the two long term trials, Texas

(14 years ) and Arizona (11 years). It would seem that if NRC



17

recommendations are excessive, long term. trials would encounter

the problem and make adiustment for it. Short term trials would not

have time to fully involve the reproductive problems (see Chapter V)

normally encountered with obesity.

Drawing conclusions from these data are difficult as both the

Texas and Arizona trials creep fed the calves a concentrate (as did

Alabama and Illinois). It would seem that creep-fed calves would

consume less of the dam's forage and also not consume all of the

dam's milk yield, thereby biasing the dam's feed requirement both

directly and indirectly.

As feed costs have been shown to be the most vital link in the

feasibility of confinement, it was decided that one of the main objec

tive s of this thesis project would be to look at confined cow require-

ments under production conditions. To accomplish this, two confine-

ment groups would be set up; one group fed 100% the NRC TDN

recommendations, and another group fed 80'70 of the NRC recommenda-

tions; without creeping the calves.
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V. EFFECTS OF NUTRITIONAL DEPRIVATION UPON BEEF COWS

Since one of the objectives of this proiect was to feed a ration

deficient by NRC energy standards, it 'teas necessary to review the

literature concerning nutritional deprivation. In a production situa-

tion most deprivations are a matter of total malnutrition (rather than

specific nutrients), and therefore, make determination of cause and

effect difficult (NRC, 1968). An example would be Slyter (1970)

reporting a 257: conception rate with hay quality said to be a 'pos-

sible cause".

To analyze the potential nutritional effects upon the beef cow, a

number of variables must be considered. A long or short term basis

must also be specified. This review will discuss the short and long

term effects of:

1. Protein intake before and after calving.

2. Energy intake before and after calving.

Short Term Effects

Protein Deficiency

NRC recommendations are set at 1 lb crude protein (CP) for

dry, pregnant beef cows. Smaller, weaker calves with reduced

survivability" were the results when these standards were not met

(Wallace, 1964; Ewing, 1959; Church, 1956).
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NRC recommendations for lactating beef cows (1100 lb) increase

increased by over 1007c to 2.12 lb crude protein. It has been shown

that a reduction in protein after rebreeding (first 5-6 mo.. gestation),

will also result in smaller, weaker calves, even if requirements are

met after weaning (Marion, 1972).

The effect of protein deficiency upon the estrus cycle is not

nearly as clear as the effect upon gestation. Cows on protein defi-

cient diets have been shown to cycle later or less often than control

cows, but most of the animals were also low on energy (Zimmerman,

1961). Wiltbank (1965) has reported that prote in itself, did not seem-

ingly affect the estrus cycle, but energy was the controlling factor.

It is well known that range cows, during a drought or otherwise

held on low quality forage will respond to protein supplementation in

terms of increased calf crop percentage (Foster, 1945; Wagnon,

1959; Knox, 1958). This is not necessarily contradictory as a poor

calf crop does not always indicate reduced estrus. It has been shown

that a protein deficiency reduces calf survivability which would result

in a reduced calf crop.

But even if reduced estrus was a factor, an increase due to the

addition of protein may not be due to the protein per se. It is com-

monly known that the addition of protein to a low quality forage diet

will increase the digestibility of the dr matter, thereby increasing

available energy to the animal. Supplemental protein enables the
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rumen micro-organisms to be more efficient at breaking down low

quality forages (Church, l'-)73

Wiltbank (1966) maintains that estrus is initiated by gonado-

tropic hormones which appear to be related to body condition.

Increased energy intake or hormonal injections given to underfed ani-

males have been shown to stimulate the estrus cycle but protein had

no effect.

Energy

Deprivations of energy did not have the deleterious effect upon

gestation that protein deficiencies had, but did seriously affect the

estrus cycle.

Mild energy deficiencies of up to 20(P7o of the NRC dry pregnant

recommendations seemed to have no effect upon birthweight, surviv-

ability, or calving difficulty as born out by the before mentioned con-

finement trials feeding less than the NRC recommendations (Ritchie,

1969; Marion, 1972). Ewing et al. (1966) reported that range cows

should be fed to permit a 17'70 weight loss at calving with 13(7,: of the

loss attributable to the weight of the calf. A slight weight loss through

gestation did not prove disadvantageous. Note that Ewing at al. fed a

1.56 lb cottonseed meal supplement so that even though total nitri-

tional consumption was not quite enough to maintain weight, protein

was not lacking.
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Serious deprivations of energy (50 NRC) through gestation

have been shown to result in lighter birthweights and reduced sur

vivability (Wiltban , 1966; Corah, 1974). Corah reasoned that since

most fetal growth occurs during the last 30 days of pregnancy, sup-

plementation with high levels of energy during the last 30 days of

pregnancy should reverse some of the ill effects of earlier energy

deprivation. He took 43 Hereford cows and fed 4.2 lbs TDN (50'7c.

NRC) starting approximately 100 days before parturition. At 30 days

prior to calving, one -half the cows were switched to a level of 10.6

lbs TDN (120ff NRC), while the other half continued on 50% NRC until

parturition, at which time both groups were switched to 15.6 lb TDN

(11870 NRC) as a lactation ration. Results are shown in Table 3.

Table 3. Short term energy deprivations of beef cows during
pregnancy.

Energy Levels
Low-High Low

Birthweight 66.8 l'os 58.7 lbs
°/ calving difficulty 9. 5% 9.57o
'0 calves alive at birth 100% 90. 5,(7,-

T., calves alive at weaning 100'% 71.4°10

?70 calves havinc, scourshaving 33% 525
0 calves died due to scours 0 19.1°-/c

Weaning weight 320 lbs 294 lbs
Milk production of cows 12.1 lbs /day 9.0 lbs/day
Interval to first estrus 41.6 days 49.5 days

From Corah (1974).



Corah (1974) stated that one should not conclude that 30 days of

proper feeding can make up entirely for previous underfeeding", but

that it is apparent that energy deprivations were reversible. Con-

trast this with the early gestation protein deficiencies reported by

Marion (1972), which were not reversed when adequate protein was

fed later during pregnancy (see protein section).

The short term effect of energy upon the estrous cycle has been

adequately researched and is quite clear. Deprivations prior to calv-

ing appeared to affect return to estrus only to the extent of 'body

condition'', whereas deprivations of energy after parturition directly

affected return to estrus.

Gonadotropic hormone production is directly related to body

condition, and therefore cows in "good' condition will return to estrus

faster than cows in 'Poor" condition, when fed identical rations

(Wiltbank, 1965). Likewise, cows in good' versus "poor" condition,

when turned out under identical range conditions have been shown to

have significantly greater calf crops (Hiltz, 1925). "Good!' condition

is not to be confused with 'obese", as excessively heavy cows have

been shown to have lower conception rates (Arnett, 1971; Totusek,

1963; I/Viltbank, 1965).

Plane of nutrition before calving affects return to estrus only to

the extent of body condition. Studies in which cows have been fed low

and high amounts of energy both before and after calving have shown
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pre-calving energy levels to influence return to estrus, but not

nearly so much as energy levels fed after calving. Wiltbank (1966)

fed cows either 50'79 NRC (low) or 100'71..G NRC (high) before and after

calving. Results are reported in Table 4.

Table 4. Energy levels before and after calving and their
effect upon the estrus of beef cows.

Treatment Overall Conception

High-high
High -low
Low -high
Low -low

70

From Wiltbank (1966).

These data show the effect of adequate energy after calving.

Feeding an 'excess" of energy during the breeding season has been

shown to increase the conception rate (Preston and Willis, 1970).

Long Term Effects

While the short term effects of deprivation have been demon-

strated, and are therefore quite clear, the long term effects of

deprivations are not as well known. The reasons are obvious, since

the time span required is much longer, and the subsequent expense

involved in determining them is much greater. As a result there is a

lack of conclusive research.
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The majority of the literature available deals with rats and mice

due to decreased life spans and cost. In a review of literature Ross

(1959) found that short run energy deprivations, while reducing growth

or reproduction as an immediate effect, actually increased life spans

over control animals fed at "optimum" nutritional levels. Overfeed-

ing (obesity) significantly reduced life span.

Reid (1960) raised dairy heifers on low, medium, and high

planes of nutrition. While first calf birthweights were lower and

dystocia greater for the low group, Reid noted less long term sterility

in these cows.

lden (1970), in reviewing literature on the raising of dairy

heifers found that heifers reared on low planes of nutrition usually had

lower milk yields then herdmates for the first lactation, but not

necessarily so for subsequent lactations. In some cases the deprived

heifers showed greater milk yields in second and third lactations.

There was very little information in the literature concerning

the long term effects of nutritional deprivation upon beef cattle. Pope

(1972) showed greater longevity for cows held on a "low level of

supplementation. One should not interpret low to imply deprivation

as the cattle were run on excellent range (Church, 1976).

The only really applicable study was that of Pinney (1962), who

wintered 120 beef heifers on 3 levels of supplementation; the low level

equivalent to 60'10 NRC. The low level heifers were smaller in size
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as two year olds, and took longer to reach puberty. But as three

year olds the low level heifers were the same size as their herdmates

and showed a 6'70 greater calf crop (907, vs. 8470), although they

calved later in the year (due to delayed estrus as 2 yr. olds).

With this limited amount of data, one should of course, be

careful in drawing conclusions, but it should be safe to conclude that

short-run deprivations may not necessarily be detrimental in the long

run.

With respect to this work, two conclusions seem appropriate:

I. NRC protein recommendations apparently are quite accurate

. . due to the adverse results when they are not met

(Marion, 1972; Wallace, 1964; Ewing, 1959; Church, 1956).

Decreases in muscular activity associated with confinement

would not make any measurable differences in protein

requirement. NRC protein recommendations should there-

fore be met; only energy should be varied.

2. As energy is most critical during the breeding period, the

cows should receive no deprivations during this period.
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VI. EXPERIMENTAL PROCEDURE -YEAR 1

Purpose

Review of the literature has shown the primary economic

problem of confinement to be feed cost and the primary physical

problem to be calf diseases. In view of the data presented in Chapter

IV, it was decided to conduct an experiment, feeding 80 and 10067..0 of

the NRC energy recommendations to separate groups of confined

cows. The purpose was to see if, in fact, a feed reduction in confine-

ment is possible. Simultaneous objectives were to monitor calf

health, and develop prophylactic or treatment programs which would

overcome the calf scour-pneumonia problems reported in the litera-

ture.

Des ign

Thirty pregnant Hereford and Hereford X Angus mature cows

were stratified into three groups according to age, breed, and pro-

duction record (weaning weights of previous calves). The procedure

was to go through the Soap Creek3 Experimental Records and select

cows of the same age and breed. Weaning weights for past years

3 The Soap Creek Ranch is an experimental beef breeding s-a-
tion of the Department of Animal Science, OSU, and is located
approximately 10 miles north of Corvallis.
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were then examined and the cows previously selected for the same

age and breed were further selected for similar weaning weights

(production records). Similar cows in all respects were then strati-

fied into three groups, which were then selected at random for

assignment to three treatments.

I. Confinement feeding at 100°70 the NRC energy recommenda-

tions.

II. Confinement feeding at 80% the SRC energy recommenda-

tions.

III. Pasture control group.

Calves were not to be creep fed as the cow's maintenance require-

ment might be biased by lowering the calf's demand on its dam.

Facilities

Confinement facilities consisted of two concrete floored pens

providing 300 square feet of space per cow-calf unit. Each pen had a

three sided shelter which provided 60 sq ft of space per cow-calf

pair; i. e. , 60 sq ft of sheltered area and 240 sq ft of unsheltered

area. A hay barn was situated between them and also acted as a

windbreak. In order to reduce bias, the cows were rotated monthly

between the two pens.

Feeding facilities consisted of wooden feed bunks with 2 x 4

inch partitions forming separate stalls. Originally ten spaces (stalls)
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were provided (3 ft/cow). Later the number of partitions was

increased to 17 (per group of 10 cows). A separate forage creep was

placed inside the sheltered area for the calves.

Forage Analysis

Crude protein was determined by the micro -Kjedahl procedure.

Crude fiber was determined by obtaining acid detergent fiber (ADF)

by the micro-Van Soest method, and then multiplying by the conver-

sion factor . 79 (Van Soest, 1975). Energy content was estimated via

TDN prediction equations:

silage TDN = 79.4 . 61 CF (Stallcup, 1965)

hay TDN = 78.9 + . 17 CP . 74 CF (Glover, 1960).

Feeding

Cows were placed in confinement in January of 1975 and fed

grass silage at levels to equal 80 and 1005 the NRC dry, pregnant

energy recommendations. Crude protein (CP) averaged 9.7:0 and

thus was adequate for both feeding regimes to meet dry, pregnant

recommendations.

At calving time (March 15) the rations of silage were increased

to meet 80 and 1005 the NRC lactation recommendations for energy

(66'71:, greater than dry, pregnant recommendations). Protein,
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however, became deficient in the silage rations (NRC protein recom-

mendations for lactating cows are more than double the dry, pregnant

recommendations).

Attempts were made to supplement the protein to the cows, but

the lactating cows refused the supplement. As only the dry cows

would consistently eat the supplement, the practice was terminated

and the lactating cows remained protein deficient for about 25 days.

By April 9th the supply of silage was exhausted so grass hay

consisting of alta fescue, ryegrass, and traces of subclover was

used as the feed source. This hay was seriously deficient in protein

(5.67°70 CP), but it was decided to feed the hay unsupplemented for 10

days to see what effect protein supplementation had on milk produc-

tion; i. e. , milk yield before and after supplementation.

Hay was at first fed to equal 80 and 100°70 of the NRC TDN

recommendations. However, the hay was sufficiently poor in quality

that the cows could consume no more than 80G1c of the NRC TDN

recommendation. The cows were then fed hay to equal 60 and 80°70 of

the NRC TDN recommendations.

Ten days after the hay feeding began the cows were fed a 377)

CP equivalency supplement in pellet form:
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Supplement A: Barley grain 30°0

Alfalfa hay 3070

Biuret

Mustard seed 5.

Molasses

The supplement was fed at a rate to meet the NRC protein

recommendation of the low group of cows (now on only 60'..0 NRC).

Thus, the high group received a slight excess of protein.

Clemens (1974) found that maximum biuretolytic activity was

reached at 21 days, and thus 3 weeks were allowed before milk pro-

duction was measured.

Protein supplementations for the low energy group was then

changed to a ration containing only NPN, with readily available

carbohydrates consisting of only Sc T. molasses (for use as a pellet

binder):

Supplement B: Grass hay

Biuret

Molasses

70 'r/0

25%

This was done to measure the effect of protein supplementation on

milk production without the addition of appreciable amounts of readily

available carbohydrate; i. e. , compared to the high energy group on

supplement "A".
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Previously it has been shown that energy seriously affects the

estrus cycle. Both groups were thus brought up to 100Q- NRC with

good quality grass hay one week prior to the breeding season (June 11.

Protein supplementation was discontinued as this new hay was entirely

adequate (10c7c CP). Upon completion of breeding (July 25), the two

groups were brought back to 80 and 100°70NRC, and were held on

that ration until weaning. During breeding 30 lbs of the cows' ration

was given to the calves via a forage creep. After breeding, 60 lbs of

the cows ration was diverted for the calves; i. e. , 3 and 6 lbs /cow.

upon weaning of the calves, the cows were placed on 80 and

100°70 the NRC dry, pregnant recommendations with the same grass

hay (see Table 5).

In summary of Table 3, the 807c group received 3, 617. 9 lbs of

TDN and the 100'10 group 4, 153. 8 lbs of TDN. Specifically this

worked out to'be 88% and 10270 of the NRC energy recommendation as

an average for the entire year.

Bre eding

Breeding began on June 2 and ended August 6th, with one bull

used on all 3 cow groups in a hand breeding program to reduce genetic

variability in the calf crop of the second year's experiment.



IUI)te 5. Confined cow rations for 1975 feeding trial.

Period

Type
of

Ration Feedstuff %C P

Esti-
mated
%TDN

lbs.
80%

G

91 NRC TDN
Recomm en-

dation

Days
oil
R a-
ti on

Total Pounds
TDN for Period

Pounds
fed/cow

100% G

lbs CP/day . lbs TDN/day_

NRC CP
Recommen-

dation
80% G 100% G 80% G 100% G 80% G 100% G 80% G 100% G 80% 100% G

Winter Dry Grass 1.97 12 59 79.5 100 77 539 677.6 74 1. 16 1.45 7 8.8 116 145

Post-
calving_

Lact. Grass
silage

1.97 12 85 77 96 24 244.8 305.3 106 1.67 2.08 10.2 12.72 78 98

Post-calving
w/o protein
supplement

Lact. Poor
quality
grass hay

4.9 46.6 18 63 84 10 84 111 24 . 88 1.2 8.4 11.1 42 55

Post-calving
hay w/protein

Lact. Protein
supplement

34 61.6 4 18 18 4 1.36 1.36 2.4 2.4 64 64

supplement 11All

Poor quality 4.9 46.6 18 63 84 21 226.8 289.8 24 .88 1.2 8.4 11.1 42 55

Total 81 102 2.24 2.56 10.8 13.5 106 119

Post-calving Lact. Protein 71++ 38.5 2 5.8 18 4 1.42 1.42 .77 2.4 66 66

hay w/ prote in
supplement

supplement
II A It L., '1511

1B11 1A11

w/ o Poor quality 4.9 46.6 18 63 84 24 88 1.2 8.4 11.1 42 55
carbohydrate Total 68.8 102 2.3

_
2.62 9.17 13.5 108 121

Breeding Lact. Good gnat. 9 50.2 25.2 96 98 64 812.8 832 25.9 2.3 2.31 12.7 13.0 107 107

_period &Lass hay.

Post
breeding_

Lact. Good qual.
aass hay_

9 50.2 22.2 84 101 74 822.1 987.9 26.6 1.99 2.39 11.1 13.35 94 112

Weaning Dry Good qual. 9 50.2 13.5 77 100 74 503.2 651.2 17.2 1.21 1.6 6.8 8.8 120 160

till Jan. 1 preg. grass hay Total 3,617.9 4,103.4

As fed basis.

25% Biuret.
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Heat detection was accomplished using visual observation and

commercial pressure sensitive tail patches (Ha Mar patches). Each

group of cows were observed for 20 minutes, morning and evening.

Cows were first checked for activated tail patches, then herded

together for the opportunity of mounting (ABS, 1972).

Cows seen standing to be mounted, or with other signs of estrus

(activated tail patch, mucous on the vulva, etc. ), were cut out and

brought to the bull. The first cow bred was given 3 services to clear

any dead or inactive sperm cells from the seminal tract since the bull

had not been used previously that season. Cows bred were recorded,

given a fresh tail patch, placed back in their prospective groups, and

watched for possible return to estrus.

Milk Testing

The weigh-suckle-weigh method as described by Corah (19(4)

was used monthly as the means of measuring milk production. The

calves were cut off their dams in the morning and held in pens without

feed or water for 8 hours. They were then weighed and turned onto

their dams for 30 minutes (normally 20 minutes were required for all

suckling to be completed). Cows and calves were then separated

again and the calves weighed; the difference in weights was then

assumed to be the cow's 8 hour milk production.
4Ka Mar patches obtained from Masco Farm Supply, Eureka,

California.
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VII. RESULTS AND DISCUSSION- -YEAR 1

Cow Weights

The cows were weighed monthly after a 12 hour shrink. Table

6 shows the weights at strategic periods.

Overall it can be said that the full 100% NRC recommendation

of energy was needed as the 100% cows maintained their weight

(1, 192 lbs, Jan. 10, 1975 vs. 1, 192 lbs, Jan. 15, 1976), whereas

the group receiving 88170 NRC lost 6% of their body weight (1, 248 lbs,

Jan. 10, 1975 vs. 1, 169 lbs, Jan. 15, 1976).

The low group "gained" 38 lbs during pregnancy on the 80%

NRC ration, but in reality probably lost bodyweight as more than 38

lbs would be contributed to fetal growth and amnionic liquids in the

last 3 months of pregnancy. The 62 lb "gain" of weight by the 100%

group would probably better represent maintenance of bodyweight.

The 80% energy ration might have been considered "adequate"

for the fetus as there were no significant differences (P < .05) for

birthweights between the groups (77. 8 lbs vs. 75. 2. lbs). As energy

levels before calving have been shown to effect return to estrus only

to the extent of body condition (Chapter V), from a managerial point

of view it might be more efficient to feed a yearly 100% NRC ration

(4, 068 lbs TDN) by feeding 80% during the dry period, and in excess

of 100% during the breeding period (to stimulate estrus, Chapter V)



Table 6. Cow weights for selected periods 1975.

Per iod

Beginning
of Trial

(lbs)

End of
Winter Period
Calving Time -,-

(113s)

After 3
Months

Lactation
(lbs)

After 5
Months

Lactation
(lbs)

Weaning
(lbs)

One Year
from Start
of Trial

(lbs)

Date Jan 10,1975 Mar. 16,1975 July 2,1975 Sept. 14,1975 Oct. 20,1975 Jan. 15,1976

Averaue Weight

80% group 1248 1286 1202 1177.5 1152 1169
100% group 1225 1287 1129 1173 1147 1211
Pasture group 1.250 1395 1359 1340

Standard Deviation for Weight

80",/,, group 125 144 181 165 169 152
100 uju group 99. 6 125 124 97 85 t-)

Pasture group 150 139 129 119

Calved cows were not included in weights.
Unable to weigh Pasture Group at this time due 10 managerial problems.
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The cow weights during lactation appeared comparable,

although unexplainably the low group appeared to lose less weight than

the 100% group from calving to three months after calving. Two

months later (five months after calving) the weights were identical

which would lead one to believe the earlier variation must have been

due to fill. At no time during lactation did the cows gain weight con-

tinually from calving until weaning. The 100% group gained their

weight back during the dry period, whereas the 80 group did not.

The reason the cows lost weight during lactation was their

calves were consuming a share of their forage. If the calves had

been given a separate concentrate creep as in the other trials, prob-

ably they would have eaten less forage, and thus results similar to

those of Ritchie (1967), Marion (1972) and McGinty (1972), might have

been obtained; i. e. , 80-85% NRC being adequate.

Due to extremely favorable weather conditions (evenly spaced

precipitation), the pasture group of cows did not serve as a typical

control group as they continuously had copious amounts of green grass

and clover available, which caused them to gain considerable weight.

Probably the most significant observations of cow weight came

not with the averages but individual variation created by intense social

ranking behavior. As stated earlier, ten feeding_ stalls were origin-

ally provided (one per cow). However, within a few days it was found

that a total of only seven or eight cows would occupy the feeder at one
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time. Aggressive cows would push more timid cows away and eat a

disproportionate amount of feed. Standard deviation for cow weight

increased 14 and 21% respectively for the 80 and 100% groups in just

the two months from the start of the trial until calving.

But more impressive than standard deviation figures is a look

at the weight changes for individual cows. Cow 4042, the dominant

cow in the 100% group gained over 100 lbs in those 2 months, (1, 225

lbs to 1,362 lbs) whereas cow 4846, the most timid, stayed at 1, 215

lbs the entire time; i. e. , a cow within one week of calving that gained

not one pound for the two months prior . . . when fetal growth is at

a maximum. in the 80% group, cow 47X08 gained 61 lbs (1, 434 to

1,495) whereas cow 4031 lost 15 lbs (1, 165 lbs to 1,150 lbs).

Some of the cows received more than 100% of the NRC TDN

requirement and some much less than 80% . . . possibly as little as

65 and 70%. As discussed in Chapter V this reduction of energy has

no serious effect on the fetus unless it becomes quite severe (45-50%.

Very mild protein deficiencies, however, have been shown to reduce

birthweight and survivability of the fetus.

In this instance the CP content of the silage was more than

adequate (9. 16% on a DM basis) and so even on a ration of 65% the

NRC energy requirement a cow would still receive 95% the NRC pro-

tein recommendation. Birthweights of the timid cows were somewhat

lower than the means for their respective groups, but the difference
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was not significant. The timid cows were also skeletally smaller than

the more dominant cows.

However, had the percentage composition of CP in the silage

been the NRC recommended minimum of 5.9%, a serious problem

could have developed; i.e. , the cows only receiving 65% the NRC

energy recommendation would have received only 60% the protein

recommendation. Presumably, significantly lighter birthweights and

calf survivability would have resulted (Chapter V). Possible social

ranking was a factor in the light birthweight and survivability prob-

lems encountered at the Texas station (Chapter II).

By early summer the problem grew more acute, particularly in

the 80% group (standard deviation for cow weight had now increased

by 69(7/0). Bunk space was then increased by 70%, which made it more

difficult for the more aggressive cows to completely dominate the

feeding area. Standard deviation for cow weight decreased about 10%

in the 80% group and by 77% in the 100% group.

The serious problems with social rank were eliminated for the

100% group, but not the 80% group. As a secondary measure, four of

the most timid cows in the two groups were cut out and fed 10Vo NRC

(herdmates were fed a reduction to keep the total even). This was

only partially effective as these four cows quickly- developed another

social order, with the smallest, weakest cow again on the bottom.



Of the observations applicable to practical production made

during this experiment, this social ranking behavior is probably the

most significant, particularly when one considers the fact that any

economically feasible ration will of necessity e minimal in protein
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content.

Milk Production

There were no differences in milk production for either of the

three groups as long as the protein requirement was met. As stated

earlier the confined groups were milk tested with and without protein

supplementation on deficient forage; results were significant.

For 10 days the confined groups were fed hay which averaged

only 5.770 CP and supplied only 63'7, of the CP recommendation to the

low TDN group and only 847,: the CP recommendation for the moderate

TDN group. A weigh-suckle-weigh milk test was conducted at the

end of the 10 days with the following results:

Low Energy Group Moderate Energy Group

11.8 lbs milk/24 hrs 11. 2 lbs milk/24- hrs

Milk production increased by 30%, but care should be exercised

in drawing conclusions as to the actual effect of the increased pro-

tein. Certainly protein supplementation had some stimulatory effect,

but it must also be remembered that the supplement also supplied
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almost 2 lbs of readily available carbohydrate (the only soluble

carbohydrates in the ration); i.e. , the addition of the energy concen-

trate (barley) itself may have contributed significantly.

Average milk production for the two confined groups and the

pasture group were remarkably similar, despite large individual

variation within the groups (see Table 7).

Table 7. Average milk production for 1975.

Low Moderate
Energy Energy Pasture

Group (lbs) Group (lbs) Group (lbs)

Ave. milk production
lbs/24 hrs

Range w/in groups

13.79

8. 6-16.9

13.88 13.59

8. 6-19. 1 11.2-17.4

By this data it would seem that the 1 TRC energy recommenda-

tions are ample to meet beef cow lactation requirements as the pas-

ture group received greater than 100°70 the NRC recommendations.

Milk production was significantly correlated to individual calf wean-

ing weights (. 59) within groups, but not among groups.

Weaning Weights

Weaning weights in the confined groups were slightly, but

insignificantly higher for the 100'37c NRC group (429 lbs vs. 396 lbs).

-Adjusted for sex and corrected for 205 days.
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The pasture group weaning weights were significantly greater (485

lbs) (P < .01).

As milk production was no greater in the pasture group (which

received 130-150'0 NRC in pasture forage), the increased weaning

weight was evidently due to the unlimited grazing available to the

calves. Likewise weaning weights were slightly biased for the 100'10

NRC group over the low energy confined group, as the 100`7 cows

would not eal all their hay at one standing, whereas the low energy

cows would. In that way the 100c7.0 group calves were able to consume

a portion of their clam's forage (in addition to that set aside in a

forage creep), whereas the low energy group calves could not.

As stated earlier, the cows were selected and stratified for

past weaning weight performance. With weaning weight evaluated as

a percent of the herd average, 6 the 1005) TDN group has a record of

102% the herd average, the low energy group 1010, and the pasture

group 103,0. Experimental wean weights were 92n, 89',0, and 108`7:70

respectively. The increase in the pasture group and decline in the

confinement groups again indicated that increased grazing to the

calves, not the cows, was responsible for the increased wean weights

as milk production was comparable.

6 Corrected for cow age and sex of calf.
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Reproductive Performance

The low energy group required 1.0 services per conception,

the 100°10 group 1. 2 services with one cow failing to conceive; and the

pasture group reauired 1.18 services with two cows failing to display

estrus (not included in services/conception calculation).

With only 10 cows per group no valid conclusions can be drawn

between, the two confined groups. However, it should be apparent

that the 20(31 energy restriction prior to breeding did not adversely

affect the reproductive performance of the low energy group.

The pasture group did have significantly inferior reproductive

performance. As stated earlier, the pasture-fed cows were receiv-

ing greater than the i\TRC recommendation through grazing, and thus

were quite heavy (1,395 lbs average). Other studies have likewise

shown poor reproductive performance from cows carrying excessive

condition (Arnett, 1971; Chambers, 1960). While purely speculative,

it is believed that the cause of the poor performance in this trial was

due to decreased expression of estrus.

Of the pasture cows which stood to be bred, the services per

conception were comparable to the confined groups, but two cows

never expressed estrus. This is not to say that they never cycled

during that period, but rather than they did not express their estrus,

and were not detected by the technician. The confined cows readily
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mounted one another, and left no doubt as to their receptiveness.

The pasture cows were herded together to give them opportunity to

sniff and mount each other, but when in heat, mounting behavior was

not as intense as in the confined groups. Often the pasture cows were

detected by noting nervousness, mucous on the vulva, or other signs,

rather than actual mounting behavior.

Calf Disease Problems

No serious disease problems were encountered at any time.

Four calves were treated for pneumonia, and one for infectious

scours.

Likewise no prophylactic programs were initiated. Behavioral

observations, however; changed herding procedures to avoid what

might have created a health problem.

At calving time newly born calves would stumble up to the

nearest cow and begin nursing. Often time these were cows which

had not yet calved themselves, but had begun secreting colostrum.

At feeding time the cows seemed most prone to allow nursing by

calves other than their own.

It would seem that this indiscriminate nursing could lead to

disease problems as the colostrum a newly born calf nurses has a

concentration of antibodies which have been secreted for about two

weeks before parturition k.Espe, l932). if the cow is continually
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compared to other trials with 300 to 400 sq ft. It would seem that at

the rate of five pair per acre (Alabama), the proximity of the animals

would not be such that indiscriminate nursing could occur.

A second potential disease problem occurred with manure

management. All animal confinement facilities, have a problem with

manure dispoasl, but beef cow confinement posed a peculiar problem.

If manure is not removed from the bedding daily the cows would lay

down in the bedding and contaminate their udders. The calves then,

would often refuse to nurse until the manure had dried. No quantifi-

cation of this situation was attempted, but it would seem that manure

on the udders might tend to increase disease incidences, particulary

Colibacillosis (major cause of scours) as conforms are a major

microbial constituent of manure (Loehr, 1974).

Conclusions

Based on the results of this first year trial, several conclu-

sions seem reasonable.

1. When calves are not creep fed the full 100'170NRC energy

recommendation is required.

a. However, 80(7 of the dry, pregnant energy recommenda-

tion is adequate for proper fetal development, provided

protein is adequate.
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b. In the production situation, feeding 80'10 of the dry,

pregnant ration, and more than 100;: of the lactation

recommendation may yield better results than 100% of the

NRC recommendation yearround; i. e. , an excess of

energy during lactation facilitates estrus and assures

rebreeding (Chapter V).

2. Forage quantity and quality for the calf is a significant

determinate for weaning weight.

3. Social ranking behavior necessitates more feed bunk space

per animal be made available than for animals fed ad libitum.

Likewise social ranking behavior can create protein defi-

ciencies on feed which meets NRC specifications, thereby

creating serious calf survivability problems.

4. Suckling of pre-parturient cows could create serious

immunological deficiencies, and hence as a practical matter

pregnant cows should be kept separate from cows that have

already calved.

Economic Analysis

For the purposes of this analys is, only operating costs were

used. Fixed costs, 7 would have been difficult to quantify-, and would

1The structures used were portions of larger facilities, built
many years ago, by the state civil service. The land is owned by the
state and operated by the Department of Animal Science.
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have been misleadingly high, as only 20 cows were used.

Operating costs presented are either; 1) exactly as incurred;

or 2) reflections of what true opportunity costs would have been.

The only exception was labor. There were no labor charges made to

the project, but at least one hour of labor was required daily, and so

labor has been included.

Interest costs on the cows are presented as real opportunity

costs for the Department of Animal Science. It is assumed that a one

year commercial certificate of deposit is the only investment the

Department could have made with proceeds from the sale of the cows.

Cow prices are somewhat arbitrary, but it is assumed that the prices

presented are the minimum that could have been obtained on a

disposition.

The analysis is used only for the 10061c group, as the 80(-7c group

did not maintain their weight and therefore their feed costs would

have been misleading.

From Table 8 it is seen that as with the other confinement

trials, feed was by far the greatest cost item. With 429 lb weaning

weights 8 the calves would have had to have sold for S66/cwt. Exclud-

ing labor and opportunity costs on the cows, breakeven price still

3,
100'110 calf crop.
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would have been S51 /cwt. In reality the steer calves sold for

$30/cwt and the heifers $26/cwt.

Table 8. Operating costs /cow (100G7c group).

Feed cost (4 tons hay x $45/ton) $180. 00

Labor (1 hr /day x $2. 25/hr x 365 4- 20 cows) 41. 00

Interest on cows ($400/cow x 6 1/4%)* 25. 00

Veterinary expense (drugs only) 9. 00

Death loss (1 cow = $400 20) 20. 00

Bull cost 8. 00

Total operating costs $283. 00

For a noninstitutional operator, interest would have been a com-
mercial rate (8 1/2 - 9 I/2°70.
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VIII. EXPERIMENTAL PROCEDUREYEAR 2

Purpose

From the previous year it was determined that 8070 of dry,

pregnant energy recommendation was adequate for normal fetal

development, but the full 10070 lactation recommendation is required

if the calves are not creep fed. Furthermore, it was apparent that

roughage can significantly increase weaning weight.

It would therefore seem that early weaning might be of use in

reducing the amount of feed required on a yearly basis; i.e, , if the

dry cows could be maintained on 80°76 NRC and the calves fed the same

roughage which would otherwise be fed to their dams. The purpose of

the second year experiment was to measure the efficiency of early

weaning calves on roughage.

Design

The two confined groups were held on their respective rations

until 3 1/2 months after calving. At that time five calves from each

confined group, and four calves from the pasture group were strati-

fie.d according to age and randomly assigned to either the weaning or

the nursing group.

The five dry cows from each confined group were put together

(ten cows) and fed 80 J the NRC dry, pregnant recommendation, and
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the five wet cows from each group were put together with their

calves) and fed 100'0 of the NRC lactation recommendation. The

weaned calves were placed together and were fed roughage (same as

that fed their dams).

The lactating cows (and calves) were to receive about 26 lbs of

hay and the dry cows about 15 lbs. The weaned calves, could thus be

fed 11 lbs of the hay to equal the 100, recommendation, to

determine if it is more efficient to feed the "extra' forage (11 lbs)

to the calf as milk from the cow, or as forage.

Milk production was again measured and correlated with

weaning weight. Rebreeding consisted of natural service.



51

IX. RESULTS AND DISCUSSIONYEAR 2

Cow Weights

Social ranking behavior continued to be a problem, particularly

in the low energy group. By September the problem had grown acute

with two cows dropping to 850 lbs; six cows weighing in the 900s;

while five cows weighed over 1200 lbs; with one cow approaching 1400

lbs (see Plates I, II and III). In unpublished confinement work,

Beerwinkle (1976) has found that feeding two days ration every other

day has been helpful in reducing the effects of social ranking. The

cows at the top of the 'pecking order" eat their fill, and then move

away, thereby allowing the cows at the bottom of the pecking order to

move up and eat their fill.

Every other day feeding was therefore begun in an attempt to

reduce this variation in cow weights. The system seemed to work.

In one month's time the cows in the 800 lb range gained 52 lbs apiece,

the cows in the 900 lb range gained 21 lbs apiece, while the cows in

the 1200-1300 lb range lost 6 lbs each. Certainly these figures

represent little more than fill (although a 24 hour shrink was imposed

before weighing), but still they do indicate a more even distribution

of feed.

Cow weights (Table 9) as an average showed the normal reduc-

tion during lactation (on 100,7, :.\ac), while the dry group weights
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remained constant (80% NRC). Standard deviations was not com-

puted as the cow groups were changed which would have given mis -

leading results.

Plate I. Cow #031, bottom cow in the social order of the 100% energy

group.



Plate II. Cow #032, top cow in the social order of the low energy

group.

Plate III. Typical scene after feeding. Dominant cow running a more

timid cow away from the manger.
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Table 9. Cow weights for 1976.

Date

Dry Group Weight
(80% NRC Dry, Preg. ,

Recomm. 7 lbs TDN)

Lactating Group Weight
(100% NRC Lactation

Recomm. 13. 2 lbs TDN)

7/25/76 1065 lbs* 1204
9/ 6/76 1051 lbs 1101 lbs

10/12/76 1085 lbs 1089 lbs

The lighter initial weights for the early weaned group were purely
coincidental as selection for placement into the early or normal
weaned groups was purely by alternating birthdates.

Milk Production

As in the previous year, there were no significant differences

in milk production between the pasture or the confined group, though

there was variation between individuals (see Table 10).

Table 10. Milk production 1976.

(100% NRC) (120-150% NRC)
Confined Cow Group Pasture Cow Group

Ave. 24 hr milk
production

Range w/in groups

12.75 lbs 12.79 lbs

9 . 8 1 9 . 1 lbs 11. 0-13. 5 lbs

Weaning -Weights.

As before, the pasture group had significantly greater weaning

weights; 511 lbs vs. 444 lbs for the confined group, and 331 lbs for

the early weaned group.
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As milk production was no greater in the pasture group, and all

calves were sired by the same bull, the increased weaning weights

were probably due to the greater amount of forage available to the

pasture calves. Evenly spaced summer rains again kept green grass

and clover available throughout the summer. Milk production was,

however, correlated to individual calf weights within groups (-62).

The hay fed was rather fibrous, and thus intake by the early

weaned calves was rather low. With reduced intake came a protein

deficiency (by SRC standards), and so about 3 lbs alfalfa per head

were fed daily as a protein supplement (similar amounts were fed, to

the confined calves).

The early weaned calves had an intake of 8.1 lbs of hay, and

their dams were maintained on 15 lbs hay/day. The confined lactat-

ing group received 26 lbs of hay, plus 3 lbs of alfalfa for the calves

(see Table 11). Thus the early weaned group (calves and cows), con-

sumed 4.9 lbs less forage than the lactating group, but produced

calves that were 79 lbs lighter. 9 The early weaned calf average daily

gains were . 67 lbs /day (see Table 12). If pelleted hay had been used,

a 30-40°70 increase in intake would have been experienced, bringing

consumption up to 10.53-11.34 lbs of forage, or 5.37 to 5.7 lbs TDN,

9Average weaning weights of early weaned confined calves were
365 lbs (381 lbs w/the heavier early weaned pasture calf weights
included).



Table 11. Confined cow rations for 1976 feeding trial before early weaning.

Per iod

Winter dry preg.
Post
calving

Winter dry preg.

Pus t
calving

Type of
Ration Feedstuff "/QCP

Est imated
TDN

lbs fed /cow /day lbs CP /day
80% G 100% G 80% G 100% G

Tact.

lact.

good qual.
grass hay
grass hay

good val.
grass hay

9

9

50. 2.

49. 5

lbs. TDN /day
80% G 100% G

13.5 17. 5

21. 6 26. 6

1. 2 1.6

1.92 2.4

(Vo NRC CP rec ornm. NR C TDN R ec otnm.
80% G 100% G 80% G 100% G

6. 8

grass hay 10. 5

8. 8

13. 2

120 160

96 12.1

77 100

77 100

Table 12. 1976 early weaning trial (3 1/2 months)- -beef calves placed on long hay.

Eeedstuff

lbs Fed Ave. Daily Gain
lbs Fed Weaned Group Nursing Early Weaned

Lact. Group Cows Calves Calves Calves
(lbs) (lbs) (lbs) (lbs) (lbs))

Feed Cost of Gain*
(Including Cows Ration)

Nursing
Calves

(lbs)

Early Weaned
Calves

(lbs)

Grass hay 26

Alfalfa hay 3 (calves
only)

15 5. 1 1. 6 . 69 $.41 $. 74

3

Grass at $40 /ton. Alfalfa at $80/10n.
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which would have given gains of 1.3 to 1. 5 lbs /day (Winchester,

1953). At 1.5 lbs /day the early weaned calves still would have been

15 lbs lighter.

The problem was one of forage quality The pasture cows

produced the same amount of milk, but weaned calves 70 lbs heavier.

This would indicate that the increased forage available to the pasture

calves (over the confined calves) was responsible. The quality of the

forage available to them however, was far superior in value to any

roughage one could afford to feed in a confinement situation (grass

ran 19.67.r) CP and the clover 175 10CP). It would therefore seem

that in a low quality forage situation, it would be more efficient to

leave the calves suckling for six to seven months (see Table 12).

Calf Disease Problems

As in 1975, no significant disease problems were encountered.

Newly born calves were again noticed attempting to nurse cows other

than their own dams, and were thus kep separate.

In order to quantify the immunological problems entailed in

this behavior, milk samples from a cow stripped ever other day

starting ten days before calving, and a cow stripped only once (two

10Normally the clover would be higher in CP, but the grass the
calves were selecting was very immature ryegrass.
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11weeks before calving), were analyzed for antibody titers for

Infectious Bovine Rhinotrache itis and Bovine Virus Diarreah. 12

Results are found in Table 13.

Table 13. Antibody assays for beef cows milked at various intervals
before parturition.

Cow Stripped Every
Other Day Ten Days
Prior to Parturition

Cow Stripped
Once, Ten Days
Prior to Calving

Antibody titer taken ten days prior to calving:
IBR 1:128 1:256
BVD 1:512 1:8

Antibody titer taken at calving:
IBR
BVD

1:32
negative

1:256
1:512

Antibody assays were taken by dilution. The sample is diluted

at multiple rates and checked for antibody activity when antigens

(attenuated bacteria) are introduced into the medium. A titer at a

dilution of 1:512 would represent much greater antibody concentration

than a titer at a dilution of only 1:8.

11 Only two cows (four samples) were used as the Veterinary
Microbiology Lab stated their workload was such that only four sam-
ples could be done. The lab was set up to do antibody titers on serum
samples; milk samples required extra work.

12 Common bovine infectious diseases.
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The cow stripped every other day prior to calving showed a

decrease in antibody titers. The IBR titer decreased by four fold,

and the BVD titer went from very high to zero (antibody activity

could not be detected at any concentration).

The second cow was stripped once ten days prior to parturition,

to be able to determine antibody levels prior to calving. Antibody

titer at calving was somewhat different than expected. Presumably

the titer levels should have increased somewhat, but IBR remained

static while BVD increased dramatically. The IBR titer (1:512) was

high enough to indicate an IBR infection (Coles, 1976). Even though

the antibody titers were different than expected, they do illustrate a

strong contrast when compared to the cow stripped continuously,

indicating immunological problems could occur if pregnant cows are

not kept separate from cows with new-born calves.

Reproductive Performance

As the cows were bred by natural service, services/concep-

tion was not recorded; i. e. , bulls were left with the cows continually.

Of the 30 cows in the trial, only one cow (in the low energy group)

was found to be open three months after termination of the breedin7

period. Thus there was no significant variation in reproductive per-

formance.



60

Economic Analysis

Ad in 1975, feed costs made the confined system unprofitable,

expecially with the addition of alfalfa hay as a protein supplement.

Feed cost alone was more than the sale price of the calves. One

could conlcude then, that feed prices are controlling the feasibility of

confinement.

It is doubtful that feed (hay) prices will even go any lower than

they are currently ($45/ton). Cattle prices then, might be thought to

be the controlling factor; e.g. , if cattle prices were to return to the

"highs" of 1972 ($75-$85/cwt for calves), then confinement could

become economically feasible. However, an increase in cattle prices

would almost certainly create an increase in feed prices (as in 1972).

Hence, feed prices are the true controlling factor.

This thesis work has shown that feed consumption cannot be

reduced (beyond NRC standards). Thus, it appears that the only

feasible (economical) solution is the feeding of "waste" roughages

(straw, etc. ).
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X. SUGGESTIONS FOR FURTHER RESEARCH

There is a definite void of research concerning the use of NPN

without readily available carbohydrates; i. e. , with materials other

than urea, such as biuret, triuret, cyanuric acid, poultry litter, and

ammoniation of roughages. At the present time most of the NPN work

has been done with high energy rations. If low quality forage is to be

fed on a commercial basis, it seems imperative that more NPN work

needs to be done (supplementation of forages).

Likewise there needs to be more work concerning the chemical

treatment of straws and other high-fiber materials. Included in this

should be agricultural engineering research aimed at creating com-

mercial methods of treating forage.

The real lack of information however, centers around the actual

use of chemically treated roughages. At the present time it is known

that fibrous materials may be treated with NaOH (and other agents)

with some success. There have been a number of short term experi-

ments utilizing treated materials as a portion of the ration. But to

date, there have been no long term studies maintaining animals on

treated straws without the supplementation of vegetable proteins.

The greatest contribution would be a long term demonstration,

using treated straw (or cornstalks) to maintain beef cows. This would

be nothing new as NaOH has often been used to treat roughage s; INT



62

has successfully been added to straw silage (Ralston, 1973) etc.; but

no one has tried to combine what is known in the literature and tried

to make it work for a long period of time.

Just as this confinement trial produced observations heretofore

unreported in the literature (1. severe social order behavior creating

protein deficiencies, 2. immunological problems created by the

suckling of preparturient cows), surely a demonstration project with

treated straw would create and identify problems a commercial

operation would have to reckon with . . . and thus should know about

in advance.
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XI. SUMMARY

Previous workers had reported that 1\RC energy recommenda-

tions were excessive for confined beef cows. However, the calves in

those trials were creep fed. A trial was set up (author's thesis work)

to feed two groups of beef cows 80 and 100% of the NRC energy

recommendations without creep feeding the calves. (It was felt that

creep feeding could bias the cow's requirement. )

It was found that 80% of the NRC pregnant dry cow recommenda-

tion was adequate, but during lactation the full 100% lactation energy

recommendation was required (lactation recommendations are 66%

greater than dry, pregnant recommendations). Weaning weights were

insignificantly greater (P < .05) for the 100% group over the 80%

group (429 lbs vs. 396 lbs) in the first year. The second year five

calves from each group were early weaned and fed the same roughage

fed their dams. The lactating cows were fed 100% the NRC lactation

energy recommendations, and the dry cows 80% the NRC dry, preg-

nant energy recommendations. The early weaned calves and their

dams (on 80% the dry, pregnant ration) consumed 4.9 lbs less hay

than the lactating cows and their calves, but weaning weights were

79 lbs greater for the lactating group (444 lbs vs. 365 lbs).

In both years a pasture control group showed weaning weights

significantly greater than either confined group 1485 lbs vs. 429 and
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396 in year 1, and 511 lbs vs. 444 and 365 in year 2). Milk produc-

tion for the pasture group was no greater than either confined group

(13.6 lbs vs. 13.8 and 13.9 lbs in year 1 and 12.79 lbs vs. 12.75 lbs

in year 2). It is therefore believed that the grazing of immature

grasses and clover available to the calves was reasponsible for the

increased weight gains of the pasture calves.

Probably the most significant observations of this experiment

concerned behavioral problems. Shortly after confinement began, a

social or "pecking" order developed in relation to feeding. The

larger, more aggressive cows would intimidate the smaller, more

timid cows and would thus eat a disproportionate amount of feed. On

a ration containing the minimum NRC protein requirements (per-

centage basis) a protein deficiency could occur. Protein deficiencies

during gestation have been conclusively shown to decrease birth-

weight, and survivability of the calf (fetus). As a practical matter,

producers should allow feedbunk space in excess of what is adeuqate,

for ad libitum feeding. Likewise, every other day feeding (two days'

ration seemed to reduce the effects of social order).

Previous confinement studies had encountered serious calf

disease problems. This trial encountered no such problems. It was,

however, noticed that newly born calves would suckle pre- partum

cows. It was reasoned that this behavior could reduce the antibody

content of the colostrum. To quantify this, milk samples were taken
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from a cow stripped every other day starting ten days before calving,

and once at calving. Antibody titers for BVD and IBR were signifi-

cantly lower for the cow stripped continuously. Producers should

therefore keep cows within two weeks of parturition away from suck-

ling calves.

In conclusion it can be said that NRC energy and protein recom-

mendations appear correct for confined beef cows. Social interac-

tions however, may create deficiencies for individual cows within a

confined group. _Feed costs at the present time preclude the use of

confinement as a feasible (economical) production method.
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APPENDIX

Assuming a seven month lactation and a five month dry period.

Dry, pregnant-16.8 lbs DM x .50 TON x 155 days = 1302 lbs TON

Lactating-23.1 lbs DM x .57 TON x 210 days
NRC "yearly" recommendation

2Harris et al. (1970)

3

= 2765 lbs TON

4067 lbs TON

23.6 lb/day x .915 DM x .539 TON x 365 days = 4248 lbs

*170 lb/yr prot. supp. x .9 DM x . 557 TDN = 85 lbs

Total lbs TON 4333 lbs TON

Harris et al. 1970)

68.9 lb/day x . 27 DM x .58 TON x 365 days

*437 lb prot. supp/yr x .9 x . 557

4McGinty et al. (1972)

= 3938 lbs TON

= 219 lbs TON

4156 lbs TDN

Dry 16 lbs hay** x .9 OM x .51 TON
x 150 days = 1101 lbs TDN

Lact. mo. 1-3 25 lbs hay': x .9 DM
x . 51 TDN x 90 days = 1032 lbs TON

Lact. mo. 4-7 20 lbs hay x 9 DM
x .51 TON x 125 days = 1147 lbs TON

Total TON 3280 lbs TON

Protein Supplement =
Cottonseed meal 59":0 x 755 TON
Gr. ear corn 135 x 905 TON
Urea 155 (contains no energy)
Dical P 13'7,c (contains no energy)

Net TON

Hay = 505 alfalfa x 585 TON
50'n wheat straw x TON
TON of mix

= .44
= . 117
= 0

0

. 557 TON

= 275
= 22"0

51'5 TON
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Albert (1969)

Cornstalk silage':' 40 lbs x .40 DM x . 50 TDN
x 107 days = 856 lbs TDN

Corn silage 45 lbs x .35 DM x . 65 TDN
x 135 days

Haylage 35 lbs x . 55 DM x .35 TDN x 12.4 days

Total TDN

6Perry et al: (1974)
8. 25 tons corn silage x 2000 lbs x . 35 DM

x . 66 TDN

= 1382 lbs TDN

= 1312 lbs TDN

3550 lbs TDN

= 3811 lbs TDN

475 lbs Purdue "A" Supplement x .9 DM
x .75 TDN = 320 lbs TDN

Total TDN 4131 lbs TDN

7Marion (1971)

Sorgo silage 17,353 lbs/yr x . 26 DM x .58 TDN = 2616 lbs TDN

Sorghum grain 600 lbs /yr x . 89 D1\71 x . 83 TDN = 443 lbs TDN

Alfalfa hay 204 lbs /yr x .90 DM x .57 TDN = 104 ibs TDN

Cottonseed meal 477 lbs/yr x .94 DM x .75 TDN = 336 lbs TON

Total TON 3499 lbs TON

With 15 l'os dried molasses and 75 lbs cornmeal added.
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