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ABSTRACT
THE EFFECTS OF VARIED FEED BUNK SPACE ON
ANIMAL PRODUCTION AND BEHAVIOR,

MANAGEMENT STRATEGY,
AND BUILDING DESIGN

By
Mark William Stephenson

The effects of varied feed bunk space on lactating
dairy cows was studied on a large Michigan dairy farm.
Animal behavior and production response were evaluated.

The highest producing one hundred cows were paired
according to their stage of lactation and current level of
production. These fifty pairs were separated and placed
into one of two groups. The cows remained in these groups
until their production level dropped below the top one
hundred animals at which time replacement pairs were in-
troduced and the lower production pairs removed. Feed was
monitored so that on a per animal basis, an equivalent
amount of complete ration was made available at all times
to both groups. The only intended difference between the
two lots was that one had two feet of bunk space per ani-
mal and the other had one and one half feet per animal.

Analysis of the mean difference of the production

between animals of a pair for four two-month periods



Mark William Stephenson

showed no significant difference between the two groups.
Lower strata animals (as determined by quantity of aggres-
sive encounters) had difficulty gaining access to feed at
prime feeding times, but ate their fill later when less
disturbed.

Within these two groups, no detectable differences
in the management of feeding time, heat observation, clean
up time, and herd health could be noted.

Barns designed around the length of feed bunk can
save construction costs. However, only a very small loss
in milk production over the depreciated life of a building

could be tolerated in recompense for initial savings.
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CHAFTER 1

INTRODUCTICN

Between 1960 and 1971, the numbers of dairymen sell-
ing milk in Michigan declined from 41,500 to 13,500. By
1985 only 3,500 to 4,500 dairy herds will probably be sell-
ing milk. This 90% decrease in herd numbers is predicted
to be accompanied by a 500% increase in the number of cows
per farm (38).

The management of the expansion on these enlarged
farms will be critical. 1In one study (44), two-thirds of
all expanded farms experienced a cash flow problem lasting
for approximately two years. Ten percent of the cash flow
problems were considered very serious. Any reduction in
the building costs of an expansion may help ease these cash
flow problems. Barns that have been designed to accomodate
current recommendations for two lineal feet of feed bunk
per animal, with resulting alley area, may have inflated
construction costs.

Animal behavior studies have been conducted that in-
dicate the feasibility of feeding a lactating dairy cow
with as little as eight inches of lineal bunk space per

animal (19). In addition, data from Duby (18) suggest



that a total allotment of forty square feet of floor
space per cow is sufficient. Professor Robert G. Light
writes that "If it is possible . . . (to reduce) feed
space per cow from two feet to perhaps 1.25 to 1.5 feet
« « o smaller buildings can be constructed keeping the
cost of construction within reason during this period of
inflation (33)."

This study will look at the production response
under two levels of competitioh for feed resources. Fur-
ther, the study examines potential savings in building
costs for several facilities designed around reduced feed
bunk space. |

The objectives of the study are as follows:

l. To determine the difference in production re-
sponse under two levels of competition for feed
resources.

2. To observe behavioral effects of lactating dairy
cows within the two levels of competition for
feed resources.

3. To note managerial differences (feeding time, heat
observation, clean up time, herd health problems)
between the two groups of cows.

4., To design and project differences in cost and
feasibility of facilities built around the feed
bunk area.

5. To make recommendations for future facilities

based on conclusions drawn from this study.



CHAPTER II

REVIEWN OF LITERATURE

"Let us never forget that the cultiva-

tion of the earth is the most important labor

of man. When tillage begins, other arts fol-

low. The farmers, therefore, are the founders

of human civilization." --Daniel Webster

Following this tillage of the earth, came the domes-
tication of animals. Cattle, domesticated 6,000 - 6,500
years ago from the Auroch, were selected for meat, milk,
and draft and later were bred for specialization in these
areas (10).

We have continued to breed, specialize, and place
constraints on dairy cattle in an ongoing effort to achieve
an optimum balance between our inputs and animal output.

It therefore becomes necessary to look at our constraints
and assess their impacts individually before we can assess
the effects as a whole.

Friend (20) studied the behavior of dairy cattle in
confinement and catagorized behavioral affects from the
four areas of free stall, feed trough, exercise lot, and
inter-group movement of cows. The first three of his cata-

gories, free stall, feed trough, and exercise lot are to

be considered the primary areas of constraint in dairy
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cattle housing. Of the many scientific probes in these
areas that have been indagated, Duby (18) feels that the
question of "How much bunk space is required?" has not yet
been answered.

Dairy cattle are grazing animals. In their natural
environment, they do not typically get much feed at any
one time nor for any one small cycle of behavior when com-
pared to a carnivore (8). This natural ingestive pattern
has been changed in management systems where a cow's total
daily nutritional requirements are placed before her in a
feed bunk.

Factors controlling intake in ruminants can be
broken down into: 1) physical-rate of disappearance of
digesta in the gastrointestinal tract; 2) chemostatic or
physiological mechanisms; 3) sensory stimuli such as taste,
smell, and; 4) possible psychological factors. The first
three are discussed in a review by Jones (27). Possible
psychological factors are based on the theory of social
facilitation or the presence of other con-specifics causing
an increase in feeding activity (24). Group fed dairy cat-
tle will consume more total feed than when fed individually
in stanchions (12), (26), (34). One investigator (26) at-
tributed the feed increase to competition while others
favored increased maintenance requirements due to the gen-
eral increased activity of freedom of movement as the cause.

The amount of time individuals average at the feed

trough fluctuates within a narrow range even with different



types of forage. The average time a cow spent eating in
four studies was 5.2 (32), 4.9 (9), 4 (41) and 3.7 hours
per day (19). A sizeable portion of this variation is
probably due to different criteria used by investigators
as to what constitutes eating.

Schein and Fohrman (39) commented that, "There is
little doubt that lower order animals would suffer markedly
if they were wholly dependent on trough feeding." Appar-
ently animals higher in the social order ate more under
group feeding conditions by chasing lower rank animals away
from the feed. Less dominant cows expend more effort get-
ting feed from a trough (31). McPhee, McBride, and James
(35) found that high social strata steers spent more time
feeding (611 ¥ 19.5 vs. 546 2 1.6 min) during a 60-hour
period. Lower strata animals ate proportionately more at
night when they were less disturbed. Friend and Polan (19)
found dominant cows eating when hay, fresh silage, and sup-
plemental concentrate were fed, r = .40, .55, and .57 re-
spectively. The above studies indicate that social rank
is important in determining how much access a cow will
have to feed. They failed however, to measure individual
intakes to determine how efficiently cattle use their time
at the feed area.

A view of dominance is that there is one basic so-
cial order through which all of a group's resources are

regulated (45). Since production in the lactating dairy



cow is greatly influenced by nutritional status, a high
correlation with milk production would be expected if the
social order influenced feed intake. Social orders, de-
rived from measures of agonistic behavior, have been cor-
related with body weight and/or age but not milk produc-
tion (2), (5), (11), (16), (17), (19), (22), (39). A pos-
sible reason for this lack of association is that access
was not limited enough for social dominance to have an
effect on intake. Data from Lamb (29), however, indicate
a negative correlation of milk production with less domi-
nant heifers raised in isolation.

Recommendations for the amount of feed bunk space
vary greatly, ranging from 15 to 30 inches per cow when
feed is continuously available (4), (36). These recommen-
dations apparently have not been based on experimental
data, but on custom and successful experience with cows
(2). Scientific information on behavior could be of great
economic value to the industry (7), especially in deter-
mining optimum stocking rates and minimizing stresses.

In order to examine the effects of varied bunk
space on lactating animals, the attempt must be made to
limit other external variables such as number of free
stalls per animal, exercise lot space per animal, inter-
group movement of cows, individual feed preference, and
inaccuracy in diet formulation.

The average amount of time cows spend resting in

free stalls appears to be relatively constant, 10.7 hours
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for 15 cows in 20 stalls (41) and 11.1 hours per day for
21 cows in 20 stalls (19). Cows make maximum use of free
stalls between 3:00 A.M. and 7:00 A.M. (41), and 1:00 A.M.
to 5:00 A.M. (32). There is a preference to use certain
stalls (19), (23), (41) and social rank appears to affect
which stall a cow occupies (19). A cow's successor at a
given free stall as well as cows occupying adjacent stalls
tended to be of similar social rank, r = .42 and .53 re-
spectively (19).

Recommendations for number of free stalls vary.
There also appears to be discrepancy between current spa-
tial recommendations and practice in the field. One free
stall per cow plus up to 10% additional is now recommended
(4), (36) while some dairymen are exceeding recommendation
by 30% without apparent adverse effect.

The amount of space in which animals have to inter-
act can be extremely important. Southwick (43) defines
density as the number of individuals per unit space, while
Friend (20), contrastingly, defines crowding as a product
of density, communication, contact and activity. Although
the amount of lot space required per cow is not known, one
researcher (3) noted that restricting cows to a lot size of
25 ft2 per cow may be beneficial. There was less activity,
fewer encounters with herd mates, no discernible effect on
milk yield, and significantly lower leucocytes than the same

2

cows in a 100 ft™ per cow sized lot.



Many dairymen are grouping their cows by production
or stage of lactation if compatable with their physical
facilities. A separate ration is then formulated for
each group based on production. Most grouping schemes
require the shifting of individuals from one group to the
next as production, breeding status, etc. change. Farmers
and researchers (2), (6), (40) have reported a decrease in
milk production after regrouping cows. Shifting cows along
with dietary changes has caused sharp but temporary reduc-
tions in milk production (1), (37). Researchers in two
studies (2), (6) however, have observed a 5% decrease in
milk production the day after shifting using the same ra-
tion indicating the cause of the decrease was behavioral
rather than nutritional. Brakel and Leis (6) observed that
aggressive encounters increased almost three fold during
day 1 after four new individuals were introduced to a
group of 13. Numbers of encounters as well as production
returned to normal levels from day 2 on.

There is a large and consistent variation among
Holstein cows in their preference for excellent forages
whenever they are given a two-choice option (13). This
was true either with a simultaneous choice or even though
the choice was limited to one forage in the A.M. and the
other in the P.M. An example of this variation is shown
in Figure 1 in which thirty cows had a simultaneous choice

of corn silage and hay.



Figure l.--Expression of Forage Preference by Eleven Cows
Offered Corn Silage and Hay Simultaneously.
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The range in choice of corn silage dry matter was
from 23.6 to 77% with the lowest cow nearly twenty per-
centage units below the nearest individual. The freedom
to select a preferred forage is most serious when two for-
ages such as corn silage and alfalfa are offered because
of the great difference in their protein and mineral con-
tent which seriously limits the precision of concentrate

formulation to match some "average" forage base (14).

Coppock suggests that similar feed selection occurs

in early lactation cows between forages and concentrate
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mixtures as well as between energy fortified forage blends
and protein supplements. From intensive studies of taste
in cattle, Kudryavzev (28) concluded "the sense of taste

in cattle is also very well developed. A cow distinguishes
very well between the main gustatory flavours - bitter,
sweet, sour, salty and between different concentrations of
each other."

The use of a feed mixing unit can eliminate the
problems of feed preference in cattle. It can further be
used to formulate a quantitive blend of all dietary ingredi-
ents to specific nutrient concentrations. Several recent
experiments (1), (15), (30), (42) have demonstrated the
advantages of these complete rations not only in reduced
costs but also in higher more stable production when fed

to grouped animals.



CHAPTER III

METHODS AND PROCEDURES

Research was conducted at the Halbert Dairy Farm of
Battle Creek, Michigan, under commercial dairy farm condi-
tions. It was felt that a field trial of this nature was
an appropriate means of gaining information on the rela-
tionship between feed bunk space and animal response. The
herd consists of approximately 600 cows, divided into five
production groups and a dry cow lot. The rolling herd
average at this time was 15,429 pounds of milk, 558 pounds
of butterfat, and a 3.62 percent test per cow.

The highest production group of approximately 100
animals averaging 78.8 pounds of milk with a 3.1 percent
test per day was used. The researchers felt that a stress-
ful situation due to increased competition for resources
would be more readily observed.

The facilities, illustrated on the following page
in Pigure 2, show a 212 free stall barn with a drive through
feed alley. The high preduction group was housed in the
west side which had 107 free stalls and 186 lineal feet
of bunk space. To suitably separate the high producers

into two groups, gates were placed across the alleys as

11
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indicated by the dotted lines. The separation into two
groups attempted to minimize any environmental differences
with the exception of feed trough space. The group housed
on the north end was to incorporate forty-eight cows in
fifty-one stalls with ninety-six lineal feet of bunk space.
The south end was to accommodate fifty-three cows in fifty-
s8ix stalls with eighty lineal feet of bunk space. On a
per animal basis, this allotted 1.06 free stalls for both
groups: 66.08 square feet of exercise space on the south
end. On the north end there were two feet of bunk space
compared to one and a half feet on the south end. This
arrangement would accommodate up to forty-eight pairs of
animals plus five individual cows.

A complete ration was prepared using a truck-mounted
mixer so that on a per animal basis, all cows received an
equivalent amount of feed. The corn silage/grain supplement
mixture was fed morning, noon, and evening in the quantities

shown in Table 1.

Table l.--Quantities of Ration as Fed in Pounds.

Control Treatment
Silage Grain Total Silage Grain Total

Morning 1127 423 1550 1273 477 1750
Afternoon 1186 214 1400 1356 244 1600
Evening 1176 424 1600 1324 476 1800
Group Total 3490 1060 4550 3952 1198 5150

Per Animal Total 72.7 22.1 94.8 73.2 22.2 95.4




14

Twice during the feeding trial a feed sample was
taken and sent to the Ohio Agricultural Research and De-
velopment Center for ration evaluation. Results of the
evaluations can be found in Appendix A. A brief summary

may be found in Table 2.

Table 2.--Ration Analysis Based on a 100 Percent Dry Matter

Silage Grain Mix Blended Ration

Dry Matter 29.9 92.4 41.1
Crude Protein 13.7 17.9 19.4
Crude Protein (as fed) 4.1 16.6 8.0
TDN 58.7 80.0 71.0
M Cal Energy/Cwt D M 46.8 79.1 63.8

In his book, Design and Analysis of Experiments in

the Animal and Medical Sciences, Gill (21) states that "If

pairs of experimental units considerably more alike than
random subjects . . . can be obtained . . . this feature
can be designed into the experiment to reduce experimental
error." In order to eliminate the experimental bias of
genotypic expression of lactation, this statistical tool
of paired data or simple blocking was used.

The decision as per which animals were to enter the
high production group was left for farm management. How-
ever, the cows entering this group were then subject to

pairing and separation into either the control or treatment
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lot. Individuals were assigned a pair mate on the basis

of current and/or past production, and their stage of lac-
tation. If pair mates could not be identified whose daily
production level was within eight pounds and whose freshen-
ing dates were within eight days of each other, then the
animals were considered as individuals and data relating

to them were not collected. Once cows were paired, the
pair was split and one cow entered the treatment group and
the other entered the control group for the duration of
their stay.

With the facilities available, up to forty-eight
pairs and five individuals could be accommodated. At times
there were less than forty-eight pairs but always a total
of one hundred one cows separated into a group of forty-
eight control and a group of fifty-three treatment animals.

Again, it was left as a farm management decision as
to when an animal left the high production group. At that
point data collection on the pair stopped and a new pair
was introduced.

The trial spanned an eight month period of time.
During this time, milk production was monitored on a monthly
basis from DHIA reports and behavioral observations were
noted. The trial was divided into four two-month periods
and the production data were combined and analyzed as sug-
gested by J. Gill (21). For the four two-month periods,
t-tests were used with the hypothesis that the population
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mean difference was zero. Furthermore, a Bonferroni t-test
was utilized to detect any seasonal or period progression

of the sample means.



CHAPTER IV

RESULTS AND DISCUSSION

The data collection for the production trial span-
ned an eight month portion of the year from January 18 to
September 25, 1979. During this time 210 animals were
involved, and of these 210 animals, 28 had no pair mates.
The remaining 182 cows were paired and their milk weights
were monitored monthly. Of these 91 pairs, 84 pairs
stayed in the high production group for one consecutive
two-month period to be included in the analysis of results.
Table 3 depicts this information as well as the average
duration of stay and average production when entering and

leaving.

Analysis of Production Data

The milk weight data recorded in Appendix B were
combined for two-month intervals as shown. These two-
month averages were then calculated for pair mates so that
the treatment average was subtracted from the control aver-
age leaving mean differences (iD) between pairs. The test

statistic for a Student-t with paired data is as follows:

17
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Table 3.--Quantity of Animals Used in Trial, Average Length
of Stay, and Production Averages when Entering
and Leaving.

il

Total or
Control Treatment Combined

Number of Animals* 101 109 210
Number Without Pair Mates 11 17 28
Average Time in Group* 113 119 (days)

Average Production When
Entering 79.6 8l.6 80.6 1bs

Average Production When
Leaving 65.4 67.1 66.3 1lbs

*Total of 84 pairs with adequate data that averaged
116 days on trial.

t = (§D -j\o) / (sD/I?), where s; is simply the standard
deviation of the sample differences, r is the number of
replications andjﬂo in these cases is equal to zero.
Test statistics for period one:
t = (-1.032 - 0) / (6.848 / [28)
t = (-1.032) / (1.294)
t = -.797
The hypothesis that there is no difference between the
treatment and control is quantified by comparing this ¢t
value with the critical value I t 4 /2,r-1 in the upper
percentage points of Student's-t distribution. The hypo-
theses may not be rejected with even 80% confidence.
Table 4 outlines these values for all four of the

two-month periods.
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Table 4.--Student's-t Statistics for Period Production Data

Standard 80% Critical
Period Mean? Deviations Replications t Values
1 <1.03%2 6.848 28 -.798 1.703
2 =3.531 13.520 35 -1.545 1.691
3 468 9.816 28 .252 1.703
4 3.538 12.783 29 1.490 1.701

8Mean differences between treatment and control pair
mates in pounds of milk.

The hypothesis of no difference between groups must
be accepted in all of the periods and for the overall trial.
However, when the mean differences are plotted on a graph
(Figure 3) for sequential two-month periods, the visual
assessment suggests the possibility of period or seasonal
trends.

To make comparisons among the means of nonorthogonal
contrasts, Bonferroni-t statistics may be used. The only
contrasts that may show seasonal trends and need to be
evaluated are the comparisons of period one versus period
two, and period two versus period four.

The test statistic for a Bonferroni-t is:

b = y = T
B [<5152 L (5,02

r r
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Figure 3.--Plot of Period Means?
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When solved for period one versus period two:
. (-1.032) - (3.531)
B '{ (6.648)2 + (13.520)2
28 35
2.499

: "V 1.675 ¢ 5.22%

2.499
ty = 77628

tB = .952
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And when solved for period two versus period four:

t. = (-3.531) - (3.538)
(13.520)2 , (12.783)2

35 29
t = -70069
J 5.223 + 5.635
ty = -2.15

Again if our hypothesis is that there are no dif-
ferences between the means of two periods, the comparison
of tB with the critical value :tB,¢V2,m’ would not let us
be 95% sure that there was a change. Thus, the null hypo-
thesis is accepted.

As noted earlier in Table 3, the average period of
time that animals spent in the high production herd was
greater for the treatment group than for the control group.
Again a Student-t analysis of the mean difference between
animals of a pair for duration of stay was used. The re-
sults in Table 5 indicate that we may have 99% confidence
that this difference was real.

The same analysis was used to determine production
difference between pair mates as they left the trial. If
the treatment animals stayed for a longer period of time,
then one might expect their average production to be higher
than control animals at the time the first pair mate left
the experiment. This was not found to be true (see Table 5)
and the hypothesis that there was no difference in production

between animals of a pair has to be accepted.
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Table 5.--Student's-t Statistics for Duration of Stay and
Production Exit Data.

Mean Standard Replications t Critical
Deviations Values
Duration a
of Stay -17.45 50.68 49 -2.41 2.68 (99%)
Exit Pro- b
duction - 1l.22 15.30 49 - .56 .68 (75%)

8Mean difference in days between pair members.
bMean difference in pounds production between pair

members at the time the first animal was removed.

This analysis of the milk production data indi-
cates that at this level of competition for feed resources,
milk yield was not impaired and that during this trial
management decisions for the regrouping of animals was not

solely dependent on production data.

Observed Behavioral Affects

As noted earlier, Syme's (45) view of dominance is
that there is one basic social order through which all of
a group's resources are regulated. The administration of
a group's feed resource appears to lend credence to this
idea.

At the current recommendation of two lineal feet of
bunk space per animal, all or nearly all cows can eat
simultaneously. However, at one and one half feet per cow

many animals are forced to wait for less congested
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opportunities. Less dominant animals, as determined by
the number of aggressive encounters, were not able to eat
at prime feeding times.

During this trial, the animals were fed a complete
ration three times a day. On a per head basis an equiva-
lent amount was continuously available. Cows were most
active at the feed trough when the ration was being de-
posited and upon return from the milking parlor. During
these times the social order of the treatment group was
more readily observed than was the social order of the
control animals. Because of limited time resources, com-
plete herd ranking for dominance could not be accomplished.
However, visual assessment was used to determine the few
most aggressive and least aggressive animals at any given
time. The lower strata animals would often retire to a
free stall or resting area during these prime feeding
times and later ate proportionately more when less dis-
turbed.

An interesting observation was noted early in the
trial. The more crowded group appeared to consume their
feed more rapidly than the less crowded group. At times
the ration for one feeding would be cleaned up as much as
thirty minutes faster on the treatment side. It was later
found that any speculation as to the possibility of in-
creased consumption may be confounded. When the cows were
milked in separate groups, animals from the treatment group

were shut away from the feed alley and individuals from the
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‘control lot had access to their feed while returning from

the parlor.

It appears that although some animals from the more
crowded group could not consume feed at preferred times,
their production was not impeded as they ate their fill

later.

Managerial Differences

Managerial differences between these two groups may
have been of importance. Thus, one of the objectives of
this trial was to note any variation in the labor involved
with the feeding, heat observation, cleanup, and herd
health problems.

Having made use of existing and slightly modified
facilities for this trial, many observations were diffi-
cult to quantify. For example, the feed mixture for both
treatment and control groups was blended as one batch on
the truck and was dispensed for both groups in a single
pass. The load cells on the mixer indicated when the
proper amount had been given to each group. Because the
animals were fed off the floor along a fenceline and not
in a trough, the only labor difference to look for was
that of pushing the spilled feed back within a cow's
reach. Since the same quantity of feed was delivered in
less feeding space for the treatment group, this disparity

seemed likely. However, no feed had to be returned to
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either group of cows as this feed was always within reach.
A possible explanation for this is that animals were fed
three times a day in small enough quantities.

Conception differences were to be monitored between
the animal pairs inasmuch as nearly all of the cows were
fresh when they entered. Presumably, an animal distressed
by competition for resources would require more impregnations
per conception or take longer to cycle. It was not possible
to tabulate this data as results would be inaccurate. The
cows were often replaced by higher producing pairs before
they could be checked pregnant or even before they were
bred. As a result, the time between parturition and the
first observed estrus was noted. Hafez (25) writes that
"Adverse environment such as poor nutrition or inclement
weather may cause estrual hiatus" and therefore nutritional
competition to the point of deprivation should influence
detectable heat in the lower strata animals.

Results in Table 6 indicate no significant differ-

ences between the control and treatment groups.

Table 6.*--Student's-t Statistics for Heat Detection Data.

—
—

Standard 80% Critical

Mean Deviation Replications t Value
-1.562 7.79 18 -.85 .863

*Data found in Appendix B.

8Mean differences in days between animals of a pair
to first observed estrus.
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Another of the managerial differences that was dif-
ficult to assess within these facilities was the labor in-
volved in the clean-up and waste disposal. Previous work
in the area of high density housing found that the increased
activity required more intensive care of the free stalls
and alleys (18). However, Duby's (18) trial assessed the
combined effects of decreased free stall, exercise and bunk
space so that those results might differ significantly
from this trial.

The facilities shown in Figure 2 were cleaned by an
automatic alley scraper. And although it was cycled dif-
ferently for different periods of the year, it was not
cycled more or less frequently as a result of the activity
of either group. Any differences in clean-up time could
not be identified.

Finally, herd health measurements within both groups
did not reveal any trends. Previous considerations in
high density studies by Duby (18) and Light (33) suggested
that animals in a weakened condition due to diseases and
those with serious weaknesses of the feet and legs were
not able to withstand the stress of high density housing.
Again the dissimilarity of the experimental designs may
have been the reason that those results were not duplicated.
A given cow averaged less than four months on this trial
which probably was not enough time to aggravate foot and
leg problems. Nor was wet bedding a disease factor in

this experiment as it was in Duby's.
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All in all, only two cases of displaced abomasum
and a few cases of mastitus were spread among the 210 ani-
mals in both groups for the eight month experiment.

In the areas of feeding, heat observation, clean-up
time, and herd health, no detectable differences in manage-

ment schemes were noted for these facilities.

Barn Designs Built Around the Feed Bunk

At the present time, recommendations of the Midwest
Plan Service provide for free stall alley width of eight to
ten feet between adjacent stall rows, nine to ten feet be-
tween a feed bunk and a wall, and ten to twelve feet be-
tween a feed bunk and a stall row. Commonly, free stalls
are seven feet in length while a drive through alley is
fifteen to eighteen feet in width, allowing two feet per
cow in length.

Application of these design criteria by engineers
has resulted in standard covered housing systems ranging
in size from ninety to one hundred square feet of shell per
cow (Figure 4). This standard design of a four-row barn
with center feeding will allow the correct bunk space in
direct proportion to the number of animals housed in ac-
cordance with current recommendations of two feet per cow.
Thus, regardless of the length, the unit will be in balance
for both feeding and resting.

However, only by constantly reassessing standards
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Figure 4.--Standard Covered Housing System.
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can the dairy industry balance between inputs and outputs.
Arave (3) has shown that reducing lot size to twenty-five
square feet per cow had no effect on milk yield while
significantly lowering leucocytes. Other researchers (18,
33) have concluded from trials that thirty-five to forty
square feet of exercise space per animal is sufficient.

Having determined from this experiment that the re-
duction of bunk space from two lineal feet to one and one-
half lineal feet did not adversely affect milk yield, re-
turn to estrus, or herd health, it becomes credent to specu-
late on housing facilities of different standards. Follow-
ing the assumption that production levels and other factors
would remain within tolerable ranges, a look at the pros
and cons of these new "high density" housing facilities is
necessary.

Figure 5 shows a barn with the same basic floor plan
as the conventional standard housing in Figure 4. The only
difference is that the free stalls were arranged to utilize
the reduction of feed bunk space to one and one-half feet
per animal and the floor space to forty-nine square feet
per animal. It contains approximately the same number of
free stalls.

An obvious advantage of this high density housing is
the reduction of building costs. The costs of construction
for a barn shown in Figure 5 will be less than those for

Figure 4 since the shell size was reduced by 15.1 square
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feet per cow; the paved area was reduced by 15.1 square
feet per cow; and the feed bunk was reduced by six inches
per cow, Another dialectic advantage is the flexibility
offered for waste handling. First the reduced paved area
allowance in these units makes the use of automatic manure
scrapers more feasible as less chain would be required and
scraper travel would be reduced. If tractor scraping is
used, less time would be required to scrape the smaller
paved areas. The other possibility of slatted floors for
waste removal has less drawbacks in high density housing
than ever before. The smaller exercise area will result in
a smaller manure storage tank and less alley area to be
equipped with slats. The increased cow traffic on the slats
will improve the functioning of these units in forcing
manure through the slats to the storage tank below.

Of the possible drawbacks, most would be related to
waste handling. The reduced paved area does result in more
manure per square foot of surface requiring that these
units be given more intensive attention. When scraped by
tractor, the manure will accumulate to a greater depth in
the course of a twenty-four hour period between scrapings,
perhaps indicating that the stalls should be higher above
the alley than with standard designs of ten inches. Fur-
ther, because of the higher animal density scraping by
tractor may be more difficult to accomplish thereby placing

greater emphasis on the inclusion of automatic floor
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scrapers. Duby (18) also reports that management of high
density stalls becomes more critical in the summer months
when bedding stays damp and foot problems arise.

The use of a partial budget to evaluate costs that
differ from one barn design to another in this analysis,
is only effective when comparing similar systems. One
should not compare a two foot per cow bunk space and
automatic alley scraper with a one and one-half foot per
cow bunk space and slatted floor. As a result, the partial
budget in Table 77 only concerns the construction costs of
the shell, poured concrete alley, and precast feed bunk for
one hundred cow housing. Because this trial could not de-
tect any differences in milk yields, there were no reduced
or added returns to include. And, because all designs were
compared with the standard facilities (Figure 4), only
added or reduced costs are shown.

Figure 6 is a barn designed around one and one-half
feet of bunk space as in Figure 5. However, Figure 6 has
further reduced the alley area. Figures 7 and 8 are con-
jectures as to the reduced costs of facilities associated
with one foot and six inches of bunk space respectively.

Although these reduced costs for building in Fig-
ures 5 and 6 would help to ease the cash flow problems
encountered by management after an expansion, it is also

necessary to evaluate these calculations in perspective.
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Table 7.--Partial Budget of Barn Designs.*

Fig. 4 Fig. 5 _Fig. 6 _Fig. 7 _Fig. 8

Bunk Space

(Ft.gz 2 1.5 1.5 1.0 0.5
Exercise Space

(Sq. Ft.): 49.0 36.8 34,0 32.7 28.6

Shell costs®  $393.20 $332.80 §282.80 $308.00 $240.80

Concrete

costsb 46,06 36.17 33,74 31.71 20.70
Feed bunk

costs® 32.00 24.00 24 .00 16.00 8.00
Total cost $471.26 $392.97 $340.58 $355.71 $269.50

Reduction in

costs from
Figure 4 $ 78.29 $13%30.068 $115.55 $201.76

*All barns are approximately two hundred stall size.
All costs and information are given on a per cow basis.

8Shell costs calculated at four dollars per square
foot.

bConcrete costs for five inch thick alleys. Five
sack mix at forty-two dollars per cubic yard.

CFeed bunk costs calculated for precast bunks at
sixteen dollars per lineal foot.

Table 8 depicts these reduced building costs annualized
for a fifteen year straight-line depreciation.

The annual savings noted for buildirgs in Figures 5
and 6 are not substantial. When compared with the quantity
of fluid milk of an equivalent value, the magnitude of this
economic planning becomes apparent. Figures 7 and 8 fur-

ther illustrate the relatively small monetary advantages



34

®oJIE 9STOIOXd MOO/3F bs Q*#¢

402/ TS

xo paaed 33 bs 00#‘0T

100/, 04

0 TT8US 33 bs ggz‘#H1

#02/33 6T

STTE3S 202
INNRNRERNRRRRNRRANARNRRNRERRRERNNRE [T T T T T T T IO

43!

P T PP

x
K

+0¢

Figure 6.--High Density Housing With One and One Half
Lineal Feet of Feed Trough Per Cow



BaJI® 98TOJ9X® M00/3F bs [/ 2¢
moo/33 bs 4°gHy 1o vaxe paaed 33 bs 9606
#00/33 bs [/ J0 TT8US 37 bs 24441

M02/33F T
8TTEe38 29a3 88T

35
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Table 8.--Annualized Savings of Barn Designs.

Figure 5 Figure 6 Figure 7 Figure 8

Bunk Space

(Ft.): 1.5 1.5 1.0 0.5
Exercise Space

(Sq. Ft.): 36.8 34.0 32.7 28.6
Reduced Costs $78.29 $130.68 $115.55 $201.76
Savings per Year? 11.49 19.19 16.97 29.62
Annual Milk
Equivalent b
(in pounds) 92 154 136 237

% Reduction in

Production to c
Break Even Point 0.6% 1.0% 0.9% 1.6%

*All barns are approximately two hundred stall size.
All costs and information are given on a per cow basis.

8Net Present Value using fifteen year period and
twelve percent interest rate per period.

YCalculated from current 3.5% milk price of $12.50/
Cwt.

CBased on a 15,000 pound rolling herd average.

to be gained with facilities of designed reduction. The
total reduced construction costs on a per annum basis
amount to less than thirty dollars per cow per year for
facilities with six inches of bunk space per animal and
twenty-nine square feet per animal. This would indicate
that at this extreme high density you could only afford
approximately a 1.6% drop in production to break even with

the higher costs of a standard covered housing unit.



CHAFTER V

CONCLUSIONS, RECOMMENDATIONS, AND DISCUSSION

The analysis and observations of this study found
no significant differences in the production response, ani-
mal behavior, and management strategies between cows fed
at two levels of competition for food resources: one
level being the current recommendation of two lineal feet
of bunk space per cow and the other a reduction of six
inches to one and one-half lineal feet per cow.

The implications of reduced construction costs of
housing facilities designed around the shorter feed bunk
lengths cannot be considered without caution. It appears
possible to house and feed lactating dairy cows in less
than current recommendations while maintaining state. How-
ever, only a very small loss in milk production over the
depreciated life of a building could be tolerated in recom-
pense for initial savings.

Seemingly, the risk of reduction to one and one-half
feet of feed trough could be undertaken with the advantages
of lower building costs and more feasible automated waste
handling. Yet, further reduction of exercise and bunk space

has not accumulated enough information to make the

38
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uncertainty worthwhile. The questions of production 1loss,
herd health problems and intensified management have not
been closely studied for these extreme high density situ-
ations.

The most useful application of these findings is
probably the quantified information that high density hous-
ing can be successful with overcrowding existing facilities
as well as by design. Farms that have standard covered
housing systems may be able to increase herd size to a
level of one and one-half lineal feet of feed space per
cow without altering facilities.

Future studies in the area of high density housing
should next be concerned with the allotment of exercise
space. In this researcher's opinion, the most important
question about feed bunk space has been answered. It was
not "what are the effects of two feet versus one and one-
half versus one versus six inches," but rather "is it neces-
sary for all animals to be able to eat simultaneously."™ From
this study and others one can conclude that it is not neces-
sary for every cow to be fed at the same time as long as
feed is continuously available. The only savings that can
be realized in reduced\bunk space are those associated with
the consequential reduction of alley area. Documentation
of the effects of much reduced exercise space has been
done only on a small number of dairy cows and only on a few
trials. Future studies effectuated under commercial dairy

herd conditions and numbers could be of value to the
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industry. However, the potential for economic gains is
probably not great enough to command the support of large
amounts of research dollars.

As the availability of research funding becomes
harder to acquire and the costs associated with conducting
these trials escalates, there will probably be more empha-
sis placed on conducting such trials on privately owned
farms. This trial, as an example, was carried out under
such conditions and had its peculiar strengths and weak-
nesses.

The greatest strength of this type of research (aside
from reduced costs), is the assimilation to current farm
conditions. This lends more credence to the practicability
of findings. Because these farms are in business to make
a profit, their daily management decisions focus not on
the success of the experiment, but on the overall success
of the farm operation.

It is in this same light that the problems associ-
ated with these conditions surface. Farm owners and mana-
gers are reluctant to commit their resources to untried or
new ideas. And, because they are participating of their
own volition, researchers must work within management's
constraints. It is sometimes difficult to gather the neces-
sary data or to make sure that research specifications are
maintained when the facilities are not manned with univer-
sity help. " The temptation and the right of farm management

is to terminate any trial that may be causing a decrease in
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production or an increase in farm labor.

As the need to conduct research on commercial farms
increases, the need to perpetrate goodwill and to provide
directly applicable research information also increases.

The universities must support personal contact with the

farm sector through more than country cooperative ties.
Furthermore, some means of assurance should be provided to
compensate for any potential losses sustained by individuals.
Perhaps if the losses can be documented, their value can be

taken as a tax deductable donation to the university.
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Table l.--Ration Evaluation. Analytical Results on a 100
Percent Dry Matter Basis, Except as Noted.

Grain Blended
Silage Mix Ration
Dry Matter (DM) 29.9 92.4 41.1
Crude Protein (CP) 13.7 17.9 19.4
Crude Protein, as Fed 4.1 16.6 8.0
Available Protein - - 18.1
ADF Fiber -- - 23.0
TDN 58.7 82.0 71.0
FPhosphorus (F) .27 .51 .68
Potassium (K) 1.53 1.43 1.43
Calcium (Ca) .59 1.39 .85
Magnesium (Mg) .25 45 .28
Sulfur (S) .10 .21 .12
Nitrates - - .17
Ph -- - S5.41
MCal Energy/Cwt DM 46.8 79.1 63.8
Parts per Million:
Manganese (Mn) 82 99 121
Iron (Fe) 122 302 219
Copper (Cu) 6 44 14
Zink (2Zn) 41 48 63

Source: Ohio Agricultural Research and Development
Center.
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