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The Place of Crossbreeding in Beef Production

RALPH BOGART

Crossbreeding may be considered
either as the crossing of inbred lines
or strains or the crossing of breeds.
The results obtained by the Colorado,
California, Montana, and Oregon sta-
tions and the United States Range
Livestock Station show clearly that line-
cross calves are superior to inbred
calves in most traits but are particu-
larly superior in gains during the
nursing period. Linecross heifers show
more hybrid vigor over inbreds than
linecross bulls or steers. This has been
interpreted as indicating that several
of the genes affecting performance in
beef cattle (particularly those affect-
ing growth) are located in the sex
chromosomes.

Considerable work is being done at
several of the experiment stations on
crossbreeding in which different breeds
of cattle are crossed. There are two
ways in which crossbreeding could be
advantageous in beef cattle production :
(1) The use or exploitation of the
strong points of two breeds, and (2)
the use or exploitation of hybrid vigor
that results from crossbreeding.

In the first case, one would be using
straightbred bulls and cows to produce
offspring and the cross would be made
in a manner in which the strong points
of each of the two breeds would be
effectively utilized. A good example of
this type of crossbreeding is illus-
trated by crossing a dairy cow, such
as the Brown Swiss, with bulls of
the beef breeds, such as Hereford and
Angus. The data presented in Table 1

DR. BOGART is professor of animal science,
Oregon State University.

are taken from studies made at the
U. S. Range Livestock Station.

If one assumes a feeding period of
250 days, final weights would be 932
pounds for Angus, 936 pounds for
Herefords, 1,043 pounds for Angus x
Brown Swiss and 1,104 pounds for
Hereford x Brown Swiss. Feed effi-
ciency is not markedly different be-
tween any two of the groups. Carcass
grades of the crossbreds strongly re-
flect the carcass grades of the breed
of sire.

It must be emphasized that the
Brown Swiss served as dams rather
than sires. The use of Brown Swiss
bulls on Angus and Hereford cows
would fail to exploit the high milking
ability of the Brown Swiss breed.
However, as the cross was made, the
Brown Swiss cows had large calves
at birth and gave a large quantity of
milk, which resulted in heavy weaning
weights. The hybrid vigor brought
about an increase in post-weaning
gains. The good beef characteristics
of the Angus and Hereford sires
caused the calves to have desirable
carcass grades.

Numerous studies have been made
in which cattle of Brahman breeding
have been used in crossbreeding. Those
crosses have proven highly desirable
in the deep South because of the heat
and tick tolerance of cattle possessing
some Brahman breeding. However, re-
sults of studies at the Squaw Butte
Station indicate that heat and tick
tolerance are not necessary and that
the use of Brahman breeding tends to
lower carcass merit. It is not known
how the crossbred (Brahman x Here-
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Table 1. Performance of Hereford and Angus calves compared with
crossbred calves having Brown Swiss mothers

180-day	 Feedlot
	

Gain/100	 Carcass
Calves	 wt.	 gain

	
lbs. TDN	 grade

No.	 Lbs.	 Lbs./clay
	

Lbs.

Angus 	 14 412 2.08 16.5 Med. choice
Hereford 	 11 401 2.14 18.1 High good
Angus x Brown Swiss 	 11 500 2.17 17.1 Low choice
Hereford x Brown Swiss__ 10 534 2.28 19.0 High good

ford) cows would do as calf producers
because this was not studied. Observa-
tions indicated that Brahman cross-
breds tended to eat any and all types
of forage rather than to be selective.
Under quite adverse conditions, this
might give such crossbreds an advan-
tage.

In crossbreeding in which the Eng-
lish breeds of beef cattle are used, one
would not expect to exploit the strong
points of a breed. Here one must
examine crossbreeding to determine if
it creates hybrid vigor and, if it does,
how one can employ a breeding pro-
gram in order to take maximum ad-
vantage of the hybrid vigor. Several
studies have been made and some of
the most clearcut results from the
Virginia Station will be reported. In
vestigations at this station have been
concerned with a comparison of pure-
breds, two-breed crosses, three-breed
crosses, and backcrosses. One would
expect the greatest uniformity in the
two-breed crosses. However, one would
need to utilize the crossbred cows in
order to have a more practical breed-
ing program and to capitalize upon
hybrid vigor in the cow as expressed by
calf-producing ability.

Data shown in Table 2 reveal that
the weaning weights of crossbred
calves from straightbred and cross-
bred dams are higher than weaning
weights of purebred calves.

The three-breed cross would typify
what could be done in a three-breed
rotational crossbreeding program using
Hereford, Angus, and Shorthorn cattle.
The backcross typifies what one could
expect in a two-breed crossing pro-
gram in which the crossbred cows
were bred to bulls of two breeds in a
rotational pattern in which the breed
of bull to which a cow is bred would
be the opposite breed from the sire of
the cow.

Table 2. Comparison of weaning
weights of straightbred and dif-

ferent types of crossbred cattle

Weaning
Cattle	 weight

No.	 Lbs.

Purebreds 	 106 406
Two-breed cross.... 123 422

Three-breed cross 	 118 420
Backcross	 	 124 412

Results from several stations reveal
that post-weaning gains are slightly
higher for the crossbreds than for the
purebred calves. For example, in
studies at the U. S. Range Livestock
Station, Angus calves gained 2.08
pounds per day, Hereford calves
gained 2.14 pounds per day, while
Hereford x Angus calves gained 2.28
pounds per day. There was only a
slight advantage in feed efficiency in
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favor of the crossbred calves. Carcass
grades were highest for the Angus
calves and lowest for the Hereford
calves, with the crossbreds approach-
ing the Angus in carcass grades.

The greatest advantage of the cross-
bred cows was in their calf-producing
ability. The Nebraska and Virginia
stations obtained results which show
that crossbred cows have a higher per-
centage of live calves at birth and wean
a higher percentage of calves than
straightbred cows. Results in Table 3
are from Nebraska, while those in
Table 4 are from Virginia.

It can be seen from Table 3 that
the primary advantage of the cross-
breds in the Nebraska study was the
larger percentage of calves born alive.

In the Virginia study (Table 4), it
is evident that crossbred cows had
more calves and raised a larger per-
centage calf crop than straightbred
cows (three-breed and backcross com-
pared with purebreds). Even when
straightbred cows were producing
crossbred calves (two-breed compared
with purebred), there was a higher
calving percentage and more calves

were raised than when the straight-
breds were bred to bulls of their own
breed. The Virginia work is quite con-
vincing because the experiment was
designed so that the same purebred
cows raised crossbred and purebred
calves.

Perhaps the use of breeds that differ
more genetically than the three English
breeds of beef cattle might show more
hybrid vigor if used in a crossbreed-
ing program. Two studies appear in-
teresting in this regard	 one was con-
ducted at the U. S. Range Livestock
Station and one at the Squaw Butte
Experiment Station. The data from
the U. S. Range Livestock Station are
presented in Table 5.

If one assumes a 250-day feeding
period, the final weights of the six
groups as listed in Table 5 would be
932, 936, 1,054, 1,006, 1,046, and 1,055
pounds, respectively.

These data are clear-cut in showing
an advantage of the crossbreds over
the straightbreds but they show that
the Charolais crosses were only moder-
ately superior to the Hereford x Angus
crosses.

Table 3. The ability of crossbred cows to produce calves

Group	 Matings
	

Born	 Born alive	 Weaned

No.
Straightbreds 	 447 89 84 81

Crossbreds	 	 470 89 87 84

Table 4. Cow fertility and calves weaned according to mating group

Cows
	

Cows
	

Calves

Group	 exposed
	

calving	 weaned

No.
Purebred 	 144 85 76

Two-breed cross 	 142 92 88

Three-breed cross 	 141 89 84

Backcross 	 145 93 87
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Table 5. Growth and carcass grades of straightbred and crossbred calves

Group Calves
Wean
weight

Daily
gain

Gain/100
lb. TDN

Carcass
grade

No. Lbs. Lbs. Lbs.
Angus 	 14 412 2.08 16.5 Low choice
Hereford 	 11 401 2.14 18.1 High good
Charolais 	 9 471 2.33 18.7 Med. good
Angus x Hereford 	 15 436 2.28 18.2 Low choice
Angus x Charolais 	 14 471 2.30 18.6 High good
Hereford x Charolais 	 16 480 2.30 19.5 High good

Data from the Squaw Butte Station
were obtained on a comparison of
straightbred Hereford and Charolais x
Hereford crossbred females for the
production of calves. These data are
presented in Table 6.

Table 6. Comparison of Hereford
and Charolais x Hereford cows bred

to Hereford bulls

Type of cows Hereford Crossbred

Calves weaned of
cows bred 100 90

Weight of cows (lbs.) 1,104 1,154
Birth weight (lbs.) 73 82
Suckling gain

(lbs./day)	 	 1.46 2.07
Weaning weight

(lbs.)	 	 372 507
Weaning score 	 11.5 15.7
Wean wt./100 lbs.

cow 	 33.7 39.5

1 Fancy 19-21, Choice 16-18, Good 13-15, Medium
10-12.

Table 6 presents three main items.
(1) The crossbred dams weaned much
heavier calves than the straight Here-
ford dams. (2) The percent of fer-
tility was lower for the Charolais x
Hereford crossbred females. This is
probably real and perhaps is indica-
tive of the lower fertility of the Char-
olais breed. (3) The weaning score
was much higher for the calves raised
by the crossbred dams. This is likely

a reflection of their more rapid gains
during the nursing period which were
made possible by the higher milk pro-
duction of the crossbred cows.

If one assumes a cow herd of 100
in size, some interesting figures can
be derived from the data in Table 6.
The crossbred dams, even though they
raised only a 90% calf crop produced
45,630 pounds of weaner calf per 100
cows or 456 pounds of calf per cow,
whereas the straightbred Herefords
produced 37,200 pounds of weaner calf
per 100 cows or 372 pounds per cow.
In order to fully capitalize upon the
use of Charolais x Hereford crossbred
cows, about 10 to 15% more cows
should be bred than are wanted to
calve in the spring. The cows could
be palpated for pregnancy diagnosis in
the fall and all open animals could be
marketed. This program would result
in about 100 calves produced per 100
cows and in the marketing of about
50,000 pounds of weaner calf per 100
COWS.

Summary and conclusions

From the studies that have been con-
ducted on crossbreeding in beef cattle
it appears that the following con-
clusions are warranted :

1. Crossing of inbred lines or strains
within a breed results in performance
that is superior to that of the inbred
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animals. More hybrid vigor is ex-
pressed in female than in male cross-
bred offspring.

2. Crossing of beef bulls onto dairy
cows makes possible the utilization of
the high milk-producing ability of the
dairy cows and the desirable carcass
merit of the beef bulls. This type of
mating has given remarkable produc-
tion.

3. Crossing of the English breeds
provides females that have a greater
capacity for raising calves than is ex-
pressed in the straightbreds. Also,
calves from crossbred dams grow more
rapidly during the nursing period.
Crossbred calves make more rapid
post-weaning gains than straightbred
calves, but there is not a marked dif-
ference in the two kinds of calves in
feed efficiency.

4. The use of the Charolais breed
crossed with English breeds offers
great promise, even though cows with
Charolais breeding show some reduc-
tion in fertility. Calves produced by
Charolais crossbred cows are much
heavier at weaning than the straight-
bred calves; consequently, a greater
total poundage of marketable weaner
calf can be produced by these cross-
bred cows.

5. Considerable promise for greater
commercial production of cattle is of-
fered by rotational crossing of inbred
lines or strains or by rotational cross-
ing of breeds. The use of such breeds
as the Charolais in combination with
the English breeds offers particular
promise. Also, dairy cows bred to beef
bulls for the production of fat calves
offers promise even under range condi-
tions.
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Implants (DES) and Beef Production

A. T. RALSTON, D. C. CHURCH and W. H. KENNICK

Hormones are chemical activators
produced in localized areas of the body.
They may differ quite widely as to
their chemical make-up. For example,
insulin and the pituitary hormones are
proteins, thyroxin is an amino acid,
epinephrin is an amine, and the adrenal
cortical and gonadal hormones, includ-
ing the estrogens, are steroids. The
balance of these and other hormones
produces normal body functioning,
but the addition of one or more may
create an imbalance and cause the ani-
mal being treated to deviate from the
normal. This deviation may or may not
be to our advantage from a production
standpoint.

In addition to the role of estrogens
in the development of female primary
and secondary sex characteristics, they
also exert some control over bone de-
velopment, electrolyte balance, and
protein metabolism. The protein-stor-
ing effect detected in women receiving
estrogens for ovarian deficiency soon
stimulated investigators in the animal
fields to test them as growth promoters.

Although many hormones have
shown limited effects upon growth and
feed efficiency, a product with es-
trogenic activity "diethylstilbestrol"
(DES) has given the greatest response
in beef cattle. Although these responses
are varied, the use of DES is generally
advantageous.

The performance (average daily gain

DR. RALSTON is professor of animal sci-
ence, DR. CHURCH is associate professor of
animal nutrition; and DR. KENNICK is as-
sistant professor of animal science, Oregon
State University.

and feed efficiency) of steers and lambs
during the finishing period has been
enhanced through the use of DES im-
plants (Radabaugh and Embry, 1959).
As in most machines when the timing
deviates too far from the normal,
certain side effects may accompany the
advantages. Steers may exhibit raised
tail heads, broken loins, and teat de-
velopment. Heifers may, in addition to
increased mammary development, show
a hyperemia of the urogenital tract,
occasionally prolapse, and in some
cases they may come into milk produc-
tion. These side effects can usually be
attributed to too much hormone over
an extended period or to very rapid
absorption of the DES into the blood
stream (due either to extra surface
area exposed from crushing or de-
positing the pellet where greater cir-
culation takes place).

Since this product was so success-
ful in feedlots, it was only natural that
its effect upon suckling gains was also
investigated.

Nelson and Kuhlman in a review on
this subject state that at Oklahoma
and at least 10 other experiment sta-
tions DES has increased the gains of
suckling calves. In an average of 13
tests with spring calves, the average
increase in gain from 3 months to
weaning was 29 pounds. Tests at
Okl ahoma implanting steer and heifer
calves at 3 months of age are sum-
marized in Table 1.

It seems apparent from data pre-
sented in this review that calves re-
spond more uniformly to a 12 mg.
implant of DES than to a 6 mg. im-
plant, although the chance for side
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Lbs.

Steers 	 	 226
Heifers 	 	 207

Lbs.	 Lbs.

238 (12) 241 (15)
216 (	 9) 225 (18)

Table 1. Effect of stilbestrol implants on suckling calves

Calves
	

Control
	

Implant	 Advantage

Lbs.	 Lbs.	 Lbs.

Spring steers 	 234 256 22
Spring heifers 	 216 245 29
Spring steers 	 244 262 18
Spring heifers 	 221 250 29

SOURCE: Oklahoma Agri. Expt. Sta. Bull. B-620.

effects may be greater with the higher
level (Table 2).

Pilkington et al. (1959) reported
that stilbestrol-implanted bull calves
made greater gains than implanted
steer calves but somewhat less than
nonimplanted bull cakes (Table 3).

Because of increased dressing per-
cent, less fat, and only a minor reduc-,
tion in quality grade, i the implanted
bull calves were worth More per pound
live weight than either the bulls or the
implanted steers.

In the experiments reviewed, all

suckling calves were implanted after
they had reached a weight of 200
pounds or were 3 months of age.

Past experiments at this station have
shown real advantages in favor of the
intact male as to rate of growth and
feed efficiency during the suckling
period as well as the finishing period.
Due to the masculinity and the fact
they are automatically stamped "bull"
by our USDA Grading Service, the
economics of beef production does not
always favor the untreated male since
animals so graded bring less on the

Table 2. Effect 9f level of stilbestrol implants to suckling calves

Control
	

6 mg.	 12 mg.

SOURCE: Oklahoma Expt. Sta. Progress Rept., 1961-62.

Table 3. Gain, slaughter, and carcass data in a comparison of steer, bull,
and implanted bull calves

Steers

Final wt., lbs 	 	 577
Gains, lbs. 	 1 	 329
Value/cwt.', $ 	 	 24.55
Yield, % 	 	 54.6
Grade	 	 G+
Muscle, % 	 	 60.8
Fat, % 	 	 22.9
Bone, % 	 	 16.9

Bulls Implanted bulls'

598
349

584
339

24.04 24.81
55.2 56.2
G- G-
67.5 65.7
15.8 18.6
17.1 16.5

SOURCE: Oklahoma Expt. Sta. Progress Rept., 1958-59.
Bulls implanted with 12 mig. at :3-k months and 24 mg. at 6i- months.

2 Calculated from current carcass values based on grade and yield and live weights.
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market. To answer the question, "can
DES hold back the development of
secondary sex characteristics without
retarding growth rate," the following
experiments were performed :

Experiment 1 (1964)
One-third of the male calves were

randomly assigned to one of three DES
implant treatments in 1964 (0, 12 mg.
implant at birth, or 12 mg. implant at
about 3 months of age). The calves
were weighed at weaning, graded, and
the diameter of the testicles was meas-
ured. Calves that had not received an
implant of DES were castrated at
weaning. The testicles of the castrated
calves were weighed and measured
volumetrically. The testicular measure-
ment on the intact calf and weight of
the testicle were very significantly
correlated (r .974**). The calves
were then allotted at random to dif-
ferent rations and fed individually. On
January 15, all calves received a 24 mg.
implant of DES.

Calves implanted at birth made sig-
nificantly greater gains to 3 months
of age (Table 4). Gains from that
time until weaning were almost identi-
cal, but the early implantation held an

advantage of .11 pounds per day from
birth to weaning. The use of DES at
any time reduced the size of the
testicles and caused a delay in develop-
ment of secondary sex characteristics,
such as crest, curly hair about the head,
and increased shoulder development.
The improvement of weaning grade
was a reflection of increased fat
deposition and additional bloom carried
by the implanted calves.

The improved feedlot performance
of the implanted calves was not due to
the DES, but it was probably due to
the castration of the calves not receiv-
ing implants during the suckling period.

All intact males were graded as
bulls; therefore, the official grades
were not too meaningful. The marbling
scores, although not significantly dif-
ferent, did favor the castrates.

Experiment 2 (1965)
Four different DES treatments were

used in 1965 (0, 6 mg. at birth, 6 mg.
at birth + 15 mg. at 3 months, and
15 mg. at 3 months). The initial gain
response to DES was not as great as
the year bef ore. This could be due to
either the reduced size of implant or
to the winter kill of subclover result-

Table 4. Effect of DES implants upon suckling gain
and feedlot performance

Implant at birth Implant at 3 mos. Bull to wean

Av. daily gain to 3 mos., lbs  ' 2.48* 2.26 2.25
Av. daily gain to wean, lbs. 	 2.01 1.90 1.90

Testicle dia., mm. 	 32 30 41

Wean grade' 	 2.5 3.0 2.8
Av. daily gain wean to

slaughter,	 lbs.	 	 2.94 2.74 2.63
Feedlot efficiency' 	 5.70 6.04 6.34
Cost of finish gain, $ 	 18.40 19.52 20.44
Marble score' 	 7.8 8.2 9.9

P < .05.
2 1 = fancy, 2 = high choice, 3 = average choice.
2 Pounds of feed to produce a pound of beef.

6	 traces, 9 = slight, 12 = small.
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Table 5. Effect of DES upon suckling gain and grade

Treatment ADG to 3 mos. ADG to weaning Grade'

Lbs. Lbs. Lbs.

6 mg. DES at brth 2.25 1 1.89 2.8
6 mg. DES at birth + 2.28

15 mg. DES at 3 months 2.32 J 2.04 2.5

15 mg. DES at 3 months 2.131 1.90 3.3
2.17

0 DES 2.21 J 1.87 2.8

I Feeder grade: 1	 fancy, 2 = high choice, 3 = ay. choice.

ing in less pasture of poorer quality.
Trends established in 1964 were re-
peated as to suckling gains and wean-
ing grade (Table 5).

Urethra development

The amount of urinary calculi ex-
perienced by feedlot operators in-
creased abruptly when "all concentrate"
or "high energy" diets became popular.
The actual formation of calculi in the
bladder can, no doubt, be attributed to
nutritional causes. However, this stone
formation does not affect feedlot per-
formance unless the stones obstruct the
urethra and either slow down or stop
the elimination of urine. In fact, the
bladders of 45 head of steers were
examined and stones were recovered
from 34 steers exhibiting no symptoms

of urinary calculi. The number of
stones found in the bladders was in no
way related to the feedlot performance
of the animals.

Since castration and/or the use of
DES reduces the development of
secondary sex characteristics, a reduc-
tion in the diameter of the urethra
might also be expected.

The diameter of the urethras of
steers and bulls from three trials were
measured at four locations : (1) Di-
rectly behind the head of the penis;
(2) midway from the head to the first
curvature of the sigmoid flexure; and
(3) and (4) the first and second
curvatures of the sigmoid flexure.

The size of the urethra was sig-
nificantly reduced by castration (Table
6). When castrated animals were im-

Table 6. Effect 6f castration and DES upon urethra size

Time of castration

Birth 3 months 7 months

Dia. in. Dia. in. Dia. in.

Castrate + 0 DES 	 	 .187 .205 .204
Castrate + 12 mg. DES 	 	 .200 .214 .256
Castrate + 24 mg. DES 	 .257

Bulls implanted at

Birth 3 months 7 months
0 DES 	 .340
12 mg. DES 	 .339 .309
24 mg. DES 	  .336
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planted with DES, the size of the
urethra was significantly increased. In
all experiments the urethra was sig-
nificantly larger at locations 3 and 4
than at locations 1 and 2.

Summary

The use of DES implants with male
calves will increase growth rate. Greater
increases resulted from implantations
at birth, but this implant was not suffi-
cient to completely retard the develop-
ment of secondary sex characteristics.
No side effects were noted in the use
of either the 12 mg. or the 6 mg. im-
plant at birth. However, care was
exercised to prevent pellet crushing.
The castration of animals does reduce
the diameter of the urethra, but the
use of DES has little effect upon its
development and may increase it in the
castrate. The urethra was larger in
diameter at the sigmoid flexure than

closer to the terminal end. Optimum
levels of DES for suckling male calves
have not been established, but the
12 mg. implant at birth gave more uni-
form increases in growth than the
6 mg. implant.
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Forest Grazing in Northeastern Oregon

DONALD W. HEDRICK

Work was started 10 years ago in
the Wallowa Mountain foothills to de-
velop more information on the grazing
value of mixed coniferous stands and
to determine how these grazing values
are influenced by logging and livestock
management.

Until 1960, most mixed coniferous
forests stands in eastern Oregon were
considered worthless for grazing. Jim
Young (1965), 1 a graduate assistant
whose studies form the basis for most
of the material in this report found
that forage production on some logged
stands was increased several fold, and
he indicated that these sites represent
a relatively high potential for both
timber and forage.

The Hall Ranch, where the experi-
mental work was undertaken, is a
2,000-acre summer range used by the
Eastern Oregon Experiment Station.
It is located about 12 miles southeast
of Union and is divided by Catherine
Creek into about equal east and west
portions. At the higher elevations, es-
pecially on the steep north and north-
east-facing slopes, basaltic geological
formations underlie ash soils formed by
the eruption of Mt. Mazama and other
volcanic cinder cones in central Ore-
gon.

James A. Young, 1965. Forage production
and utilization in a mixed conifer forest in
the Wallowa Mountain foothills. Ph.D.
thesis, Corvallis, Oregon State University.

DR. HEDRICK is professor of range man-
agement at Oregon State University. As-
sistance of J. A. B. MCARTHUR, superin-
tendent of the Eastern Oregon Experiment
Station at Union, and R. F. KENISTON, pro-
fessor of forest management at OSU, is
acknowledged.

These ash-covered areas have been
classified as Tolo soils and support
mixed stands of grand fir, Douglas-
fir, larch, and ponderosa pine in the
overstory with a preponderance of
grand fir reproduction. Shrubs fall into
two classes—tall species of ninebark
and ocean spray and low ones such as
snowberry, spirea, and huckleberry.
Common herbs in the understory are :
pinegrass, Cusick's vetch, meadow rue,
and twinflower. Two good forages, elk
sedge and blue wildrye, are locally
abundant and the better forage species
occur in three different groups : pine-
grass-Cusick's vetch, pinegrass-green
lupine, and blue wildrye-green lupine.

Forage and browse production

A series of study plots were used
to characterize the overstory, shrub
layer, and forage and other species in
the understory. Production of browse
and forage species is recorded in
Table 1. Total shrub weight is less
important than the current annual
growth which is the portion generally
available for grazing animals.

From these data, it is obvious that
browse forms an important part of the
forage resource in mixed coniferous
forest stands. In fact, in the summer
of 1965, we were interested in the
amount of browse eaten by a steer and
found that in a one-acre enclosure we
were able to maintain an 800-pound
steer for 30 days. Since the herbaceous
production (mostly pinegrass) was
about 300 pounds per acre, it was
obvious that at least 200 pounds per
acre had to come from the available
shrubs. For this reason, it is important
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Table 1. Browse and herbaceous forage in relation to overstory cover in
the mixed coniferous forest

Overstory cover or shade classes

Open
Moderate

shade
Heavy
shade

Weighted
mean

Lbs./A Lbs./A Lbs./A Lbs./A

Type of forage
Browse :

Total shrub weight 	 16,900 12,500 5,700 8,000
Current annual growth 	 75 140 60 85

Herbaceous :
Pinegrass	 	 190 140 20 90
Blue wildrye 	 30 10 T 10
Elk sedge 	 30 10 T 10
Cusick's vetch 	 20 20 T 10
Meadow rue 	 10 10 T T
Green needlegrass 	 20 T T T
All others 	 10 20 65 50

Total	 	 310 210 85 170

Total of browse and herbaceous
(Lbs./A)	 	 385 350 145 255

Percent of area 	 20 30 50

to study the influence of logging on
both sources of forage.

In Table 2, herbage and browse
yields are given for both logged and
unlogged areas.

Part of the reason that more re-
sponse was not obtained from logging
was the fact that some reduction is
caused by slash accumulations and deep
soil disturbance. Garrison (1960) 2 and
other workers have reported a one-
third reduction the year following log-
ging in the ponderosa pine stands of
eastern Washington and Oregon. An
indication of the influence of logging
disturbance for mixed coniferous sites
is included in Table 3. Since most of
the herbaceous growth is pinegrass that

2 George A. Garrison, 1960. Recovery of
ponderosa pine in eastern Oregon and east-
ern Washington by seventh year after log-
ging. Proc. Soc. of Amer. For., Washing-
ton, D. C.

reproduces vegetatively, surface dis-
turbance is beneficial but subsoil up-
heaval which occurred on one-sixth of
the area is markedly detrimental.

Forage utilization
The Hall Ranch serves as a summer

range for the cattle herd of the Eastern
Oregon Experiment Station. Each
summer about 150 cows and calves and
35 replacement heifers are grazed
there. This area has been used by
cattle, horses, and sheep since the latter
part of the 19th century. In 1956, the
station undertook a basic inventory of
the area and embarked on a compre-
hensive improvement and management
program. Fencing, water developments,
and stock trials made it possible to
institute a management program that
defers grazing use on one-half the
ranch each year until after seed is
produced on the dominant forage
species.
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Table 2. Herbage yields by three shade classes from logged and unlogged
areas and average browse current annual growth in the mixed

coniferous forest

Moderate
	

Dense
Open	 shade	 shade

Lbs./A	 Lbs./A	 Lbs./A
Unlogged

Herbaceous :
Pinegrass 	 	 260	 130

	
60

Other 	 	 270	 140
	

30
Total 	 	 530	 270	 90

Browse:
Mean for all classes 	  70

Logged
Herbaceous :

Pinegrass 	
	

380
	

190 	70
Other 	

	
310
	

120 	50
Total 	

	
690
	

310 	120
Browse:

Mean for all classes 	  190

Table 3. Influence of logging soil disturbance on herbage yields in the
mixed coniferous forest

Soil disturbance
	

Percent of area	 Herbage production

Lbs./A
None 	

	
61 	240

Surface 	
	

24 	320
Subsoil 	

	
15 	80

Utilization maps have been prepared
each year since 1962. Use estimates
were made on the following five-class
system :

1. No use. No use evident and little
or no evidence of cattle having used
the area.

2. Light use. Less than 50% of the
preferred species used.

3. Moderate use. Approximately
50% use on the preferred species.

4. Heavy use. More than 50% use
of preferred species, but uneven use
on others.

5. Very heavy use. Even use on all
species greater than 50%.

Table 4 includes a summary of these
utilization data since 1962.

The effort to improve utilization pat-
terns has been amply repaid. Areas of
nonuse and very heavy use have virtu-
ally been eliminated, and moderate and
heavy use categories have been in-
creased materially. These changes were
brought about as a result of the fol-
lowing factors : (1) Facilitating ac-
tions, (2) class of livestock, (3) man-
agement methods to improve livestock
distribution, and (4) proper season
of use.

Facilitating actions. The upland por-
tion of the Hall Ranch was cross-
fenced in 1962. After analyzing utiliza-

15



Table 4. Percent of total range area of Hall Ranch in various utilization
classes since 1962

1962 1963	 1964 1965

Utilization class Percent of total acreage

Nonuse 	 7 1 1 4
Light 	 22 18 14 3
Moderate	 	 29 36 47 39
Heavy 	 39 19 29 54
Very heavy 	 3 26 9 0

Total AUM's of use 	 1,058 760 811 936

tion patterns from the 1962 grazing
season, a drift fence was added to help
hold cattle in the mixed coniferous
forest areas. An ambitious program of
water development was undertaken on
these forested areas of the Hall Ranch
in 1963. The aim of the program was
to reduce the distance from stock water
of any portion of the ranch to less than
one-quarter of a mile. To improve the
accessibility of water developments, old
logging roads were cleared of down
logs and slash piles. All of these fa-
cilitating actions were necessary to ob-
tain reasonable utilization of the forage
resource of the mixed coniferous
forest.

Class of livestock. It was observed
in 1962 that yearling heifers would
voluntarily graze in the mixed coni-
ferous forest, while it was impossible
to keep cows and calves in these areas.
The cow herd was separated on the
basis of age in 1963, and it was ob-
served that first-calf and second-calf
cows would use densely timbered areas
where older cows would not graze.
This was especially true of first-calf
cows who grazed the timbered areas
the previous season as bred yearling
heifers. By separating the grazing ani-
mals on the basis of age, utilization of
the forage resource of the mixed conif-
erous forest areas of the Hall Ranch
was greatly improved.

Livestock distribution. The use of
good management methods in placing
salting stations and riding to prevent
concentrations of animals in more open
areas has been necessary to obtain
better utilization of the forage resource
of the mixed coniferous forest. Unless
facilitating improvements are under-
taken and young cows and calves are
used, salting and riding practices are
relatively ineffective in obtaining im-
proved utilization.

Proper season of use. The present
management plan for the Hall Ranch
which defers one-half of the upland
area each year creates problems in
obtaining utilization of mature pine-
grass and in maintaining calf gains.
Cattle do not prefer pinegrass and
especially reject it after it is mature.
Dry cows have been forced to utilize
pinegrass forage on the Hall Ranch
late in the fall after their calves had
been weaned and the cows were on a
maintenance ration.

There is danger in overutilization of
the highly preferred evergreen elk
sedge with this system.

A logical time to graze the mixed
coniferous forest areas of the Hall
Ranch would be the early summer.
High protein forbs are at peak produc-
tion in mid-June and pinegrass is still
immature. The highly preferred elk
sedge should not be as susceptible to
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overutilization in the early summer
when it constitutes only a small frac-
tion of the total green herbaceous
vegetation. Research on the best season
to use pinegrass-dominated rangelands
is currently being carried out on the
Hall Ranch. The results of this re-
search should provide useful informa-
tion to improve utilization patterns in
the mixed coniferous forest.

Summary

In summary, research during the
past 10 years at the Eastern Oregon

Experiment Station has indicated a
high potential for both forage and tim-
ber production on ash-covered sites sup-
porting stands of mixed coniferous
forest species in northeastern Oregon.

If this potential is to be realized, it
will require close collaboration of both
forest and range managers in planning
improvement programs. Grazing values
can be greatly enhanced by proper log-
ging and good livestock management
practices.
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Evaluation of the Nylon Bag and In Vitro
Digestibility Techniques

R. H. KLETT and A. T. RALSTON

The total collection technique (in
vivo) has been used for years in de-
termining the apparent digestibility
of nutrients constituting the TDN sys-
tem. Although this technique has
proven accurate and dependable when
conducted under carefully controlled
conditions, it has several acute dis-
advantages. It requires a lengthy pre-
liminary period followed by a 6- to 10-
day collection period. An exact ac-
counting of all feed consumed and
feces voided during the collection
period must be made. The excreta must
be weighed periodically and represen-
tative samples taken for chemical analy-
ses. Care must be taken to prevent con-
tamination of the feces with urine or
other materials that might be reflected
in the analysis of one or more of the
constituents. In many instances, di-
gestibility trials have been waived when
only small samples of a particular feed-
stuff is available or when labor and
expenditures are limited.

In recent years, the nylon bag and
artificial rumen (in vitro) techniques
have been developed with the idea of
finding more rapid and economical
methods to substitute for the total-
collection technique. At present, how-
ever, neither has been standardized
satisfactorily to allow routine use in
digestibility studies. In addition, the
use of the techniques has been con-
fined almost exclusively to the determi-
nation of digestibilities of high-rough-
age rations. The present study was

Mr. KLETT is a graduate assistant in ani-
mal science and Dr. RALSTON is professor
of animal science, Oregon State University.

designed to evaluate these techniques
with rations varying in roughage to
concentrate ratios and to compare these
data with those collected using the con-
ventional digestion technique.

Methods

The present study involved using
twin four-year-old steers fitted with
permanent rumen fistulas to measure
the digestibility of five rations con-
sisting of the following ratios of al-
falfa hay to steamed rolled barley :
4:0 (I); 3:1 (II); 2:2 (III); 1:3
(IV); and 0:4 (V). Dry matter di-
gestibility was used as the criterion to
compare and evaluate the three tech-
niques. The dry matter content of the
five rations was 90.5, 90.3, 89.4, 90.2,
and 89.6%, respectively.

Total collection procedure. The in
vivo digestibility of the five rations was
determined in conventional digestion
trials. The steers were fed each ration
for a preliminary period of seven days
and a collection period of six days. The
feces were collected in metal pans
placed at the rear of each stall, weighed
four times per day, and transferred
into metal cans. Composite samples,
representing approximately one per-
cent of the total fecal output, were
taken at the morning and evening feed-
ings and immediately placed in plastic
bags for transporting to the laboratory.
The samples were frozen and dried at
a later date.

Nylon bag digestibility procedure.
The nylon bag procedure consisted of
placing ground ration samples (10
grams) into nylon bags approximately
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31 by 5 inches in size. Each bag was
numbered for identification and at-
tached to a loop in a single nylon cord
31 feet long tied to an eye bolt in the
fistula cap. Nine bags were placed in
the rumen on the morning of the first
and fourth collection day of each di-
gestion study, with three bags being
removed after 24 hours, three after
48 hours, and the remainder at 72
hours. Contents of the bags were
washed onto filter paper, dried for 24
hours, and weighed. The weight of dry
material on the filter paper was con-
sidered to constitute the undigested
dry matter of each ration and was used
to calculate the dry matter digestibility.
Three replications and two trials were
completed during each 6-day collection
period.

In vitro digestibility procedure. One-
gram samples of the rations were incu-
bated in 250 ml. bottles maintained at
a constant temperature of 39° C
(actual temperature of the rumen) in a
water bath. Rumen fluid was collected
from rumen fistulation steers prior to
the morning feeding, squeezed into
preheated thermos bottles, and trans-
ported immediately to the laboratory.
The contents were filtered through
cheesecloth into tall beakers and al-
lowed to stand for approximately 15
minutes. The bottom layer was then
removed by suction and added to dis-
tilled water and to a buffer solution
so prepared as to simulate the animal's
saliva. A fifty ml. volume was delivered
into each bottle containing the sample
of feed and allowed to remain for
digestion periods of varying lengths
(12 and 24 hours). After digestion,
the contents of the bottles were filtered
through pre-weighed crucibles. The
residue remaining in the crucible was
considered the undigestible dry matter
of each sample. Three replications and

two trials were completed during each
of the 6-day collection periods.

Results and discussion

In order to assess the usefulness of
the two techniques, variations of di-
gestibility within each trial and between
trials were determined. The within-
trial variation was highest when using
the nylon bag procedure. The bags
themselves accounted for a large part
of the variation since there was prob-
ably some leaching of undigested ma-
terials through the bag's walls during
actual digestion and during the wash-
ing following removal from the rumen.
Also, occasionally the bags did not mix
uniformly with the rumen contents and
tended to float to the top, thus prevent-
ing a complete and uniform digestion of
the bag's contents. In addition, differ-
ences between steers would also affect
the within-trial variability, especially
since only two animals per class were
used.

In general, there was very little dif-
ference in dry matter digestibility be-
tween the two trials for the three tech-
niques. The data indicated that re-
peatability between trials would not be
a factor when using these techniques
and that accurate results could be ob-
tained with one trial if sufficient repli-
cations were used. These data also sug-
gested that the longer digestion periods
were less variable and that the repeat-
ability between trials was higher
(Table 1).

The rate of nylon bag and in vitro
dry matter digestion was generally
greatest in the first 24-hour period in
the five rations and decreased in rate
with each increase in time; however,
the rate of nylon bag dry matter diges-
tion decreased in the first period as
the proportion of concentrates in the
diet was increased. The slower diges-
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Table 1. A comparison of the two trials and three techniques using dry
matter digestibility as the criterion

In vivo

Nylon bag In vitro

24 hrs. 48 hrs. 72 hrs. 12 hrs. 24 hrs.

Rations
I	 Trial 1 	 54.8 50.9 58.4 59.4 45.5 46.3

Trial 2 	 50.3 78.9 97.3 80.5 88.9

II	 Trial 1 	 62.0 59.6 65.9 73.1 47.4 59.5
Trial 2 	 56.4 67.2 74.1 50.7 55.0

III	 Trial 1 	 67.2 63.5 76.5 80.7 57.2 65.5

Trial 2 	 63.5 73.3 78.0 53.5 64.4

IV	 Trial 1 	 75.5 67.7 84.1 89.4 57.3 67.4

Trial 2 	  	 	 68.7 82.5 89.9 58.9 71.9

V	 Trial 1 	 83.8 57.3 84.6 99.3 81.3 88.7

Trial 2 	 50.3 78.9 97.3 80.5 88.9

tion of dry matter in the nylon bag
technique suggests that the bags were
not mixing uniformly with the rumen
contents, and thus the contents were not
being adequately exposed to the micro-
organisms (Table 1).

When dry matter digestion coeffi-
cients for the three techniques were
compared, it was found that the in vivo
digestion was most favorably compared
to the 48-hour nylon bag and 24-hour
in vitro dry matter digestion. In vivo
digestion of dry matter compared more
closely to the longer digestion periods
in the higher roughage rations using the
nylon bag technique. As the percent
concentrate level increased, in vivo
digestion compared more closely to the
shorter fermentation periods. The in
vitro data followed a similar pattern.
This pattern of digestion appears plau-
sible when we consider the high level
of digestible materials in concentrates.

Selection of either of these tech-
niques for use in digestibility studies
depends largely on the information de-
sired and the equipment available. The
nylon bag technique would appear to
be more useful in field trials when
relatively small amounts of material

are available or when little equipment
is at hand. Also, there have been very
few attempts to standardize this tech-
nique as to size of bags, weave of ma-
terial, position of bag in the rumen,
size of samples, washing and filtering
of the contents from the bags, and
other factors discussed earlier in this
report. The foregoing problems must
be thoroughly investigated before this
technique can be used for routine di-
gestibility determinations.

The in vitro procedure, on the other
hand, has received considerably more
investigation in recent years with more
attempts being made to standardize its
procedure. At present, it is recom-
mended that this technique be used in
studies requiring a stricter control of
environment and in experiments of a
more refined nature where control of
various factors such as pH and tem-
perature of the digestion media are re-
quired. More accurate results have also
been obtained in studies where the
animal serving as the inoculum source
was maintained on a diet similar to
the substrate or ration to be digested.

The in vitro procedure also enables
the digestion of a greater number
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of feedstuffs since relatively small
amounts of rumen fluid are required
per bottle. The equipment is the limit-
ing factor in the number of digestions
carried at once in vitro, whereas in the
nylon bag technique the animals are
the limiting factor. One steer could
provide inoculum for a multitude of
digestion bottles in vitro, but only 12
bags could be suspended into each
fistulated animal in nylon bag studies.

Summary

It was concluded from data obtained
in this study that both the nylon bag
and in vitro digestibility techniques
could be used in determining the dry
matter digestibility of feedstuffs vary-
ing in roughages and concentrates.
However, it would be advisable to test
the procedures with additional feed-
stuffs before making routine use of
them.

Viral Diseases of Beef Cattle

D. E. MATTSON

Animal health plays an important
role in livestock marketing in the state
of Oregon. It is conservatively esti-
mated that the cattle industry loses
over seven million dollars annually due
to cattle death losses. The problem of
disease transmission and livestock
losses will become more serious as the
trend toward production efficiency,
population density, and transportation
of cattle increases. Viral diseases of
cattle represent an important area of
this disease problem. The disease issue
will be one of the most important prob-
lems that cattlemen will be facing in
the future.

As cattlemen face this problem, vet-
erinary scientists will face the problem
of proper identification and control of
these diseases.

"Red nose" disease

One of the viral diseases that is a
problem is red nose or infectious
bovine rhinotracheitis (IBR). 113R

DR. MATTSON is assistant professor of
veterinary medicine, Oregon State Univer-
sity.

was first described as a virus disease
of cattle with a distinct clinical picture
of severe inflammation of the nose,
pharynx, trachea, and conjuntiva. This
process frequently led to pneumonia
and often accounted for a substantial
death loss, especially in feedlot cattle.
Later, IBR was found to be associated
with a wide variety of diseases in cattle
from encephalitis to vaginitis. Of par-
ticular interest is the fact that IBR
not only caused respiratory tract infec-
tion and conjunctivitis but also abor-
tion in pregnant cattle. Its exact role
in diseases of newborn calves is still
in question. IBR appears to be wide-
spread in Oregon cattle. If it is known
that this virus is present on a ranch,
cattle should be vaccinated before they
are bred. A good indication of IBR
is conjunctivitis and excessive lacrima-
tion of the animals involved. Local vet-
erinarians may want to submit a sample
to the diagnostic laboratory for virus
isolation.

Virus diarrhea

Virus diarrhea in cattle also appears
to be one of the future virus problems
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with which we will be dealing. This
virus will cause a wide variety of
disease syndromes from severe acute
diarrhea to a chronic type of diarrhea
that leads to an unthrifty, thin animal.
Virus diarrhea may also, under some
conditions, cause abortion in pregnant
animals. The virus appears to be pres-
ent all over the United States. We have
no definite information as to its dis-
tribution in Oregon, but we believe it
will become a serious disease problem.

Bovine abortion

Epizootic bovine abortion (EBA)
is another virus disease which is of
great concern. This disease was first
reported in California and appeared to
be associated with foothill or moun-
tainous areas. This seems to indicate
that either wild animals or ticks play
a role in the spread of this virus. EBA
is now one of the major disease prob-
lems in California. A virologist in
California has been working intensively
on this problem for about seven years.
There has-been little progress in under-
standing the disease or in producing
a vaccine so that it may be controlled.
EBA is present in Oregon and it is

believed that it is playing a major role
in high abortion rates in beef cattle.

There are other virus disease prob-
lems from respiratory to diarrhea dis-
eases. The ones mentioned specifically
above indicate some of the problems
that we are facing. These problems
can be related to animal health pro-
grams on individual ranches.

The rancher should be alert for any
new disease syndrome and contact a
veterinarian early. For example, if
conjunctivitis and tearing in cattle is
noticed, IBR may be indicated. The
conjunctivitis may not be a serious
problem, but the virus may cause abor-
tion in pregnant, unvaccinated cattle.

The veterinarian should be requested
to autopsy dead animals and submit
samples to the diagnostic laboratory if
he feels it is necessary. The rancher
should work closely with the veteri-
narian, county agent, and others in-
terested in animal health.

Virus isolation procedures frequently
take several weeks or even months to
complete. The OSU veterinary diag-
nostic laboratory is making an effort
to do a faster job on virus diagnosis
and to submit the results as soon as
possible.
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Your Extension Veterinarian

GUY REYNOLDS

The addition of a veterinarian to the
specialist staff of the Oregon State
University Extension Service was
recently made and came about because
of producer's demands for better live-
stock disease control. Better control
and prevention of diseases is necessary
in order for livestock producers to
establish a prosperous business and
adequately feed the increasing world
population. The activities of the Ex-
tension veterinarian are many, but they
are essentially aimed at assisting three
groups of people involved in livestock
health : (1) county Extension agents;
(2) practicing veterinarians; and (3)
livestock producers.

County Extension agents

It is necessary to publish bulletins
and fact sheets on various livestock
diseases so that county agents have
access to up-to-date information on
problems in their areas. A fact sheet
on bovine vibriosis was recently
printed. In view of recent research,
diagnostic methods, and control meas-
ures, there have been many requests
for current information on this dis-
ease. This new publication is just a
start, as the need for fact sheets on
many livestock diseases is very evident.

The Extension veterinarian will as-
sist county agents in setting up schools
for producers on how to prevent dis-
ease in their livestock. It is desirable
that a veterinarian participate in these
training schools; in many instances it
might well be the local practitioner.

County agents will often bring rather

DR. REYNOLDS is Extension veterinarian,
Oregon State University.

minor disease problems to the attention
of the Extension veterinarian. Yet,
multiply this by several counties and
you have a condition causing consid-
erable economic loss to the livestock
industry as a whole. A specific ex-
ample of this is the white-eye syndrome
of baby calves. Why do calves born
dead or very weak have a color change
in the lens ? Is this a manifestation of
a specific viral or bacterial agent? The
answers to these questions are un-
known, but investigation is under way
to arrive at logical answers.

Practicing veterinarians

The location of the Extension veteri-
narian's office makes him the logical
person to act as a liason between the
practitioner and the veterinary diag-
nostic laboratory. To make the best use
of the diagnostic laboratory, it is es-
sential that practitioners select proper
specimens, and they must be properly
handled in shipment to the laboratory.
It is planned that practicing veteri-
narians be invited to spend a day in
the diagnostic laboratory. This should
be a good way to iron out existing
problems. As the need arises, training
schools will be presented for practicing
veterinarians. These training sessions
will be directed toward upgrading prac-
tice techniques.

A monthly publication directed to
practitioners is needed to make them
aware of new ideas, books, disease out-
breaks, and so forth. The rapid con-
tributions of research and specializa-
tion in the field of veterinary medicine
make it increasingly difficult for the
general practitioner to keep abreast of
all phases of his profession.
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Livestock producers
The producer will ultimately benefit

from all activities of the Extension vet-
erinarian. Many farm visits will be
made to assist the local veterinarian in
diagnosis and to start appropriate dis-
ease control measures.

Veterinary science 4-H clubs are
active in several states at the present
time. It is proposed that this oppor-
tunity be made available to the farm
youth of Oregon next year.

The Extension veterinarian is an
advisory member of the Oregon Ani-
mal Health Council. This is a very
active and influential organization and

represents all facets of Oregon live-
stock and poultry production.

In addition to professional meetings,
the Extension veterinarian attends
other committee meetings such as : the
State Livestock Disease Advisory Com-
mittee, the State Auction Yard Com-
mittee, and the Mastitis Control Com-
mittee. These groups have a definite
bearing on animal health in Oregon,
and it is an honor to be called upon
for consultation and advice.

The position of Extension veteri-
narian offers a definite challenge, and
it will take diligent effort to perform
the duties of this office in a satisfac-
tory and constructive manner.
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