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Prolog

The data summarized in this study are complete for the first five
generations of production-proved sive breeding, and data on three
additional generations are included although all females in these
genm‘ations?uu-'c not completed production rvecords. Results are now
sufliciently indicative to warrant the preparation of a report on this
longtime breeding experiment so that it will be available to dairy
cuttle breeders, dairymen, and students of breeding.

The feeling persists that for a long time the matter of breeding
dairy cattle to improve their producing capabilities will continue to
be the responsibility of the men who operate dairy herds and farms
as a business. Properly conducted Erceding research can make
substantial contributions both as to procedures and also in the form
of potential genetic material, but the nature of the dairy cattle breed-
ing business is such that mnch will depend on the skill and judgment
of individual breeders and members of bull selection committees who
are responsible for the sires selected for artificial breeding, The re-
sults of experience in following a definite program of dairy cattle
breeding over a long period, reported here, should be helpful to those
on whom this responsibility rests.

Il




BREEDING EXPERIMENTS
WITH
HOLSTEIN-FRIESIAN CATTLE

Results of 35 Years' Research at Beltsville, Md.

By M. H. Fohrman, Animal Hushandry Research Division,
Agvicultural Research Service

Introduction

Breeding investigations with dairy cattle were begun by the U.S.
Department, of Agriculture in 1917 af the dairy cxperiment station
at Beltsville, Md.¥ The Jate B. H. Rawl, then Chief of the Dairy
Division, conceived the idea of developing scientific information in
dnivy cattle genetics by studying the subject directly, through the
use of experimental herds of cattle. The object of this experimental
work was to afford breeders and dairy farmers a more complete un-
derstanding of the laws of heredity as they apply to the breeding of
dairy cattle for cconomicnl and profitable production of milk and
butterfat. It was felt that with o knowledge of genetics as a basis
for conducting a breeding program and a successtully demonstrated
plan of procegnre for applying such knowledge, dairymen would be
able to carry on the breeding of high-producing dairy cows with
greater assurance of success.

At that timo, as at present, the dairy cattle breeding business was
hazardous because a high percentage of the female offspring failed
to be profitable producers. In later years, as evidence from cow-
testing association herds was accumulated and analyzed, it was found
that the cows in these herds were distributed about evenly in three
milk-producing classes. One-third earned a profit, one-third broke
even, and the other third failed to produce su[f)icient. milk to pay for
their keep. This last third conld, of course, be identified and dis-
posed of after they were milking, but by that time they represented
a considerable capital investmeni by their owners, only a part of
which would be refunded by the butcher.

* Thege Investigations were originally n part of the research program of the
Dairy Division of the Bureau of Animal Industry. The responsibility for this
research was transferred to the Burean of Dairy Industry when it was estab-
lished in 1924, aud then to the Dairy Husbandry Research Branch of the Agri-
cultural Research Service when the Depariment was reorganized in November
1058. The Dalry Hushandry Research Branch became a part of the Animn}
Hushandry Research Divislon in February 1957,
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A business with so large a proportion of failures in its operations
could hardly be considered eflicient ; yet such was the condition of the
dniry cattle breeding industry. Later on, when more interest was
aroused and bull proving became more popular, the records disclosed
a similar threo-class performance for dairy siros—one-third raising
production, one-third about maintaining it, and one-third actually
lowering production—as measured by the records of the daughters
of a sive when compared with the records of their dams,

» That was the situation at the time these breeding experiments were
conceived, although at that time the volume of records was not great
enough to maks 1t as impressive as later. The need for a hetter
brecding procedure was evident. Studies of breeding operations at
that time would not supply satisfactory information, ns few breeding

- establishments were following a definife and nonselestive testing pro-
gram. Record making was largely for advertising purposes and
hence was highly sclective. Few breeders remained in the business
long enough to establish special merit in their cattle. There was
much manenvering among breeders to keep abreast of popular trends
occasioned by the publicity attending a high-production record or a
snceessful show-ring performance. Testing for high records under
forced conditions was approaching itg zenith, and the services of
test-cow feeders and handlers were at a premium. Pedigrees were
built up by record combinations and padding, and the whole proce-
dure rolled itself into a huge “snowball” of baltyhoo, showmanship,
and sensaticnal advertising, which swept the fraternity into the hys-
toria of fabulous prices for youn g, untried bulls of fashionable blood-
Jincs, and astounding pedigrees.” But that snowhall smashed on the
rock of commonsense, and after a sobering Tetdown dairymen were
ready for something built on a more solid foundation, For thess
reasons, the Dairy Division inaugurated breeding investigations with
herds whero environment could be stabilized, testing made all-inclu-
sive, and selection eliminated.

During 1917 considerable time was spent in making a preliminary
snrvey of the dairy cattle breeding field. Breeders wers contacted
and their problems discussed. Some opinion was developed as to
what information was needed to assist the breeders in their work,
At that time there was wide discussion of the relative merits of out.
breeding, lincbreeding, and inbreeding for improving dairy cattle.
Plans were Inid to develop information in the course of the breeding
investigations which would give a fair estimate of the importance
of the system of mating followed during a program of herd improve-
ment by breeding.

One fundamental question to which an answer was to be sought
was how to reduce the number of unwanted low-producing females
ancl poor-transmitting males among the progeny of our lerds. A
reduction from 1 failure in 8 to 1 in 5 would be worthwhile, and to
1 in 10 would be very good. It was decided that the most hopeful
approach to a solution of this problem was the use of production-
proved sires—those which had already demonstrated their transmit-
fing ability through the production performance of their daughters,
Producing ability was considered as paramount, since it is the sale
of the milk and butterfat produced by the herd that makes its main-
tenance and the owner's income secure. Even the owners of well-
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advertised breeding herds seldom get more than 10 percent of their
gross incoms from the sale of surplus stock, and this is usually de-
pendent on o satisfactory production performance for the herd.

Breeding Projects With Dairy Cattle

The breeding projects reported here were set up in 1918, The
breeds selected were Jiolstein-Friesian and Guernsey. These projecta
contemplated the continuous use of production-proved sires to con-
centrate inheritance for high levels of milk and butterfat production.
This procedure was predicated on the theory that the valuable sire
wag one that had a large number of hereditary factors controlling
high levels of production. Furthermors, if these proved sires all
had » similar factorial makeup, the factors for low production that
were left in the herd by previous sires would be gradually replaced
through the continued use of proved sires for a number of genera-
tions. This theory was developed from studies of advanced-registry
and register-of-merit production records made by the Dairy Division.

With the proved sive as the basis for improvement, the projects
were mapped so that comparative information would develop on
outbreeding, linebreeding, and inbreeding.

The project outlines and plans were discussed at some length in an
article in Hoard's Daivyman® In that article it was stated that the
need of carcfully planned experiments had long been felt, but the
length of time and the number of animals required had made it un-
possible for a single breeder to attempt it. The article was written
soon after the foundation Holstein herd had been assenibled at Belts-
ville. The plan outlined then has been largely adhered to, but Jer-
seys were substituted for Guernseys on part of the project and the
crossbrecding features were omitted. Additional inbreeding was
added later as a genetic check on the proved sires, The studies dis-
cussed in the following pages pertain only to the Holstein phases
of the work. The Jersey data are in the process of analysis. Also,
specific discussions of tho results of the linebreeding research are not
included in this publication,

Procedure for Conducting the Holstein
Breeding Experiments

The principal project with Holstein-Friesian cattle called for the
continuous use of unrelated production-proved sires to develop 2
strain that would steadily improve in its inheritance for a high level
of milk and butterfat production. This was the outbreeding phase,
and linebred groups were to be bred from the same stock so that both
the outbred and the linebred groups would start from the same basis
of heritage. The linebred groups were to be produced by mating
sons of the various proved sires to the half sisters of their dams
(relationship of nephew to aunt), In this manner outbred groups

* ANOUYINOUS., DAIRY CATTLE BREEDING EXPERIMENTS TO BE FINANCED AND CAR-
RIED ON FOR A LONG PERIOD RY THE U.8, DAIRY DIVISION. Hoard's Dairyman
B7: 044-545, illus. 191D,
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and linebred groups would coms from the same dams. To illustrate,
the daughters of sire 1 would be bred to unrelated sire 2, and the
progeny would be the outbred group. At later matings these same
daughters of sire 1 would be bred to a son of sire 2 that was out of a
daughter of sire 1, the resulting progeny thus being a linebred group
obtained by the mating of nephew to aunts. This procedure was to
be repeated for each generation,

Another procedurs, followed in a Hmited way, was to breed the
first daughters of proved bulls to their own sires. This afforded an
opportunity to delzy the introduction of a new proved sire until
mors of the daughters of his predecessor were of breeding age. By
holding off in this manner there was greater assurance that ﬁfe new
bull would be able to veach his project quota of daughters by serv-
Ing more cows during his first 2 years in the herd. The results of
these short interludes of inbreeding might also be justified as pro-
viding a closer check on the genetic makeup of the sires and possibly
unmusking hidden recessives, Inbred daughters were developed un-
der standard conditions and were included in this generation study
as some of them contributed daughters by other project bulls.

Cortain difficulties and hazards continuously threaten the success
of even the most carefully planned breeding projects with large ani-
mais such as dairy cattle, and it might be well to enumerate them
for the benefit of those who are impatient at the slow rate at which
results are forthcoming.

There is always a threat of interference and Interruption by out-
breaks of disease that may occur in spite of constant vigilance. Dur-
ing this work, infectious abortion, tuberculosis, and mastitis have all
been encountered and have taken some toll in passing. A severe
outbrealk of TB in 1935 and 1936 was a serious threat to the further
brogress of this experiment, but by means of quarantine procedure
and recruitment of some females fvom the linebred groups it was
possible to retain sufficient pumbers to carry on the major objectives.

Ono bull used to produce linebred daughters developeé a very satis-
factory proof and had limited service ss & proved sire later on. This
came about when the wartime restrictions on travel caused some
delay in replacing a proved bull that died after a short period of
service,

Oceasionally young bulls were used to settle problem cows and
heifers and a _few of the resulting females were included in this
analysis in order to male it as nearly complete as possible,

With proved sires brought in at advanced ages there were delays
due to sterility, and accidental losses of important sires have reduced
numbers of oifspring in some groups.

The fact that the reproduction rate in eattle is slow made it neces-
sary to undertaie the projects with the certainty that results could
be attained only after many years.

The maintenance of environmental conditions without change over
a long period has been a difficult problem, not only becanse of cha.nnﬁ-
ing personnel but also because of a natural desire to utilize the stead-
iy (?eveloping knowledge of the factors that influence production.

The necessity for upholding the standard of excellence of sires
brought in, the sustaining of enthusiasm while awaiting slow-moving
results, and the suppression of zeal to push the better and neglect
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the poorer groups, were all minor factors that needed caveful watch-
ing to mnintain parity of opportunity for all generations, since the
human slement cannot be entirely overlooked where the milking and
eenoral care of cattle are congerned.

The formulation of procedure for conducting these projects re-
qnired carefu! consideration. Once they were launched according to
a certain plan, there was no possibility of altering the procedure
materially without sacrificing the completed part of the work, It
is the changing of methods and of environment that most often dis-
counts the value of breeding studies based on results in commercial
herds, These changes in herd managemcent are often due to changes
in economic conditions, In order to stand the test of time it was
deemed best to make all requirements of procedure moderate. No
extreme conditions were established, as these arve always difficult to
maintain over a period of years, and success depends too often on
the skill and enthusiasm of the individual. Moderate requirements
can usually be met, even where management personnel is subject to
change. '

'To meet the demands of good experimental procedure it was neces-
sary that no culling or selection of females would be practiced after
tho foundation hord was established. All female progeny of the
various sives were raised and developed without regard to the ap-
pearance or producing ability of themselves or their dams. The re-
sults arc based on unselected and unculled groups. The objective
was to study inheritance and transmitting ability for production of
all animals in the herd under uniform conditions.

Following the above principle, all the fomale calves were retained
and raised under conditions that should insure satisfactory growth
up to producing age. Cnlves were separated from their dams shortly
after bivth, placed in small pens in the calf barn, and fed by hand.
Whole-mille feeding continued up to 4 weeks, at which time skim
milk was substituted. Grain and hey were offered as soon as the
calves would eat these feeds. At 6 months of age skim-milk feeding
was discontinued. This procedure was general, but the feeding of
whole milk was continued longer than 4 weeks if the calf lacked
vigor or was retarded by sickness. Corn silage was fed to calves past
6 months of age in the first few years, but for convenience this prac-
tice was changed and grain and alfalfa hay later made up the whole
ration after skim-milic feeding had been discontinued. The quantity
of grain was veried from time to time and ranged from 2 to 5 pounds
daily for animals 8 to 12 months of age, but sufficient nutrients to
aflord good growth were fed at all times. The most satisfacto’’y pro-
cedure after skim-milk feeding was discontinued was to allow a
maximnm of 3 pounds of grain daily and free access to_alfalfa or
mixed hay. Tt was known that a fairly wide range of rations would
insure sntisfactory growth.

At a year old, heifers were moved into thie herd barns. Silage in
winter and pasture in season were then added to the ration. First
breeding of heifers was in the 15th menth, for calving at approxi-
mately 2 years of nge.

It was decided that the measuve of producing ability would be the
amount of milk and butterfat produced in 365 days under standard-
ized conditions. When the projects began, the 7-day production
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record was still in use by many breeders, and the yearly records that
were being made in some of the leading herds were on a selective
basis. Milking four times daily for 365 days was in favor where
much of the testing was being done. Few breeders were interested
in 305-day production because the record was at a disadvantage when
compared to the full-year record. The later trend toward the 305-
day record was not yet apparent, and herd testing was not even dis-
cussed. If the program were being established today, the 305-day
test would be adopted, largely because it would hasten results by
shortening the calving interval, With this background the 385-day
record was set up as the standard, and the records were mads on
three milkings daily until late in 1951. Since then the procedure
has been two milldings daily for 305 days. All records used in this
study that were not actually made on two milkings daily for 303
days have been adjusted to that basis.

'The cows were kept in box stalls. Feeding was based on size of
the cow (maintenance}, rate of milk producfion, and butterfat test
of the mille, A modified Savage feeding standard was used to deter-
mine the nutritive requirements, based on weight and production at
the beginning of each month, and feeds were adjusted accordingly.
Originally, the feeds used were corn silage, alfalfa hay, wet beet
pulp, and a grain mixture with o digestible protein content of 18.2
percent. In July 1938 it was decided to mix the dry heet pulp with
the grain in the proportion of 1 to 4, which reduced the digestible
protein content to 155 percent. This assured greater accuracy in
feeding the beet pulp and made the proportion the same for all cows.

Pasture is variable in the Beltsville locality, and as there is no
assurance of adequate pasturage from year to year, and also becanse
there is no accurate means of determining the amount of nutrients
obtained from pasture when other rations are being fed during the
pasture season, the cows on test had no pasture during their test
years. Exercise was permitted in a dry lot. All cows were encour-
aged to eat hay and silage by offering them slightly more than they
would consume, and the grain ration was apportioned to make up
the rest of the nutrients required for maintenance and production.
No excessive feeding methods were followed, and no effort was made
to pamper individual animals with special feeds. During the test
year the cows were bred in the fifth month of lactation when on 565-
day test andin the third month when the change was made to 305-day
records,

All cows were put on test at the first calving, if the calving was
normal, and in as many lactation periods thereafter as the barn facil-
ities would allow, but there was not sufficient space to have all cows
on test each year.

All cows were milked by hand until November 1928, when part of
the herd was changed to machine milking. For a period after June
1931 the entire herd was milked by machines, but provision was made
to have every cow milked by hand during at least one lactation pe-
riod. Thoe TB outbreak in 1936 made it necessary to milk eows in
quarantine by hand. From April 1938 until June 1950 only frst-calf
heifers were machine milked.

Every effort was made to provide conditions of environment and
management that could be kept continuously uniform. The feeding
and handling were such as to enable cows with good inheritance fully
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to express their ability to produce. A restrictive or variable environ-
ment would have defeated thoe purposes for which the projects were
set up. Unfavorable enviromment could have limited the level of
production,

Production records during test years were made under the super-
vision of the University of Maryiand and in accordance with the
rules of tho ITelstein-Triesian Association of America.

Recerds made by cows under ¢ years of age when used for com-
pariative purposes were corrected to a mmature-age-equivalent basis
by use of corveclion factors developed at Beltsville. Records made
by cows with blind quarters were noted, but no correction was at-
tempted, beenuse the shrink due (o n nonfunctioning quarter cannot
be determnined definitely, Records for short lnctations were used as
madle, becanuse the.conditions were favorable for n complete record
and the fault was considered as being in the cow. Siclness in cows
was noted and they were given proper treatment, but no allowance
was made for any nondeterminable foss in production. If the inter-
ference was severe the trial was repeated in the next Inctation peried,

‘Femperature control was not possible with the equipment at Belts-
ville. No artificinl mears were used to make the test cows more com-
fortable during the summer months, though no doubt high tempera-
tures and humidity resulted in lower production levels for some cows
and particularly for those freshening in the spring or early summer.
TWhile all cows were housed under the same conditions, extremes of
temperature and humidity affected cows at different periods of their
lactations, but no attempt was made to correct for such effects. All
abnormalities were recorded.

Thus, every cllort was made to give each cow, no matter how poor
2 producer she may have been, the chunce to produce under good
management practices. The cow with a capacity for production of
350 pounds of butterfat had the same eare and management, and the
same opportunity to produace, as the cow with a capacity for produc-
tion of 800 pounds. Thao only controlled variation was the amount
of nutrients fed. An atfempt was made to feed each cow approxi-
mately 10 percent more nutrients than her calculated requirements, |
in or(f’(ir that Hmited production might not be attributed to limitation
of feed.

Deciding Which Records To Use

In studying inheritance of mill production the investigator is usu-
ally confronted with the problem of determining, in cases where ani-
mals have more than one production record, which record most nceu-
rately measures producing ability. Opinion is divided as to whether
tha highest single lactation period record, an average of all lactation
recovds, or the Hifetime production record should be used to define
producing ability.

In commercial herds where the sale of mill products is the source
of income, the animal that has a good lifetime production will be
more profitable than the animal that is a good producer for only one
or two lactation periods; but where the selection of breeding stock
ts important or where an analysis of the inheritance of producing
ability is sought, it seems essentinl to use the standard that is most
nearly free from interference by onvirenmental factors.

512042—60—-2
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Lifotime production may be interfered with by breeding trcubles,
improper feeding, damage to the udder, or other injuries, none of
which have anything to do with inheritance for level of production.
Lifetime performance may be as much a measure of good herd man-
agement as of inheritance. Very often the cow that has a good life-
time record is one that was fortunate in escaping injury and attacks
of disease. Whether thess animals possess an inherent resistance to
disense or an inheritance for supericr constitution or hardiness that
enables them to be good producers year after year is questionable.

Lifetime averages tend to reduce the variability of groups of
daughters, and as this is an important point in studying the trans-
mitting ability of sires, it would appear necessary that variance be
considered without the modification that averaging would introduce.

The plenned procedure in thess breeding investigations was to
start all cows on test under standard environmental conditions when
frosh with first calf, and as often therestter as facilities would per-
mit. The mature vecord would be the best standard for measuring
producing ability, if it could be safely assumed that all would go
well; but unfortunately some animris died or becams sterile before
reaching maturity, others suffered injuries or udder damage that
may have interfered with the full expression of their inherited
ability, and still others woro started on test during years when diffi-
cult ealving or other uncontrolinble factors interfered with the nor-
mal functioning of their milk-producing equipiment. ‘These Iatter
items furnished the principal reasons for starting cows on test with
lirst catf. The probabilities were thought to be greater that the
average animal would be sound and normal in her first lactation
than at any subsequent lactation period; but even the first lactation
period s subject to interference by some of those physiological de-
rangements.

The use of heifer records only might be suggested as a satisfactory
sotution, but under the best of conditions all animals do not calve
nt the same age, nor do they all calve normally the first time. Fur-
thermore, if slow maturity shonld be a characteristic of any particu-
lar group, the use of heifer records alone would act to the disadvan-
tage of members of this group.

Age-correction factors help to overcome the effect of age differ-
ences, and their use is warranted in ironing out unaveidable dif-
ferences in age of first calving and also in making heifer records
comparable with mature-age records.

Adter waighing all the above facts and theories it was deemed best
to use the highest records in all cases, either actual mature records
0}!- tém immature records caleulated to maturity, in the analysis of
the data.

Operation of the Holstein Project

The Beltsville proved sire breeding project was origally designed
fo he operated on a single-sive-per-generation basis, In the early
vears the herd was relatively small, which meant that the period of
service of a bull would need to cover a span of 4 or 5 years in order
to insure an adequate number of female progeny to opérate the proj-
cct according fo the original plan. The first and second sires met
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this requirement fairly well, contributing 33 and 31 daughters, re-
spectively, but this was not tvue of the next 2 bulls. When consid-
eration is given to the advanced age of bulls when proved, it is note-
worthy that five of the seven bulls selected had pericds of service of
sufficient length to insure a dependable contribution to the advance-
meant of the project.

When the third and fourth sires were lost before they had met
the expected requirements in number of progeny, the sequence of
singlo-sire generations was broken. In order to maintain the herd,
sire No. 5 was mated to daughters of the three preceding bulls,
thereby producing daughters with thres, four, and five generations
of inheritance from proved sires.

About the time the seventh purchased proved sire had daughters
of breeding age, the rapid growth of artificial breeding had devel-
oped a highly competitive situation in the proved bull market. How-
ever, service to bulls with satisfactory transmitting ability was avail-
able from sires that were being used by artificial breeding studs.
Since the original plan of single-sire generations had already been
modified, it seemed logical to continue the study by utilizing the
gervice of selocted sires in bull studs. This was done through the
generous holp of the First Pennsylvania Axtificial Breeding Coop-
erative, Lowisburg, Pa.: NEPA Artificinl Breeding Cooperative,
Tunkhannock, Pa.; SE Pennsylvania_ Artificial Breeding (goopem-
tive, Landisville, Pa.: and the New York Artificial Breeders® Co-
operative, Ithaca, N.Y.

Reported here is o summary of the results of about 85 years of
carefully controlled breeding research designed to measure the effects
of using production-proved sires to raise the level of production.
The only selection practiced was in the choice of bulls. All females
were raised and afforded equal opportunity to produce and reproduce
under standardized environmental conditions that were maintained
as nearly constant as was possible during the entirve pertod covered
by the experiment.

Production-proved sires that were purchased to carry on this
breoding project are referred to by numbers. These numbers follow
the ordor in which they wera brought into the herd. Beltsville-bred
bulls that were used in emergencies, and whose progeny became part
of the project by having danghters sired by other proved sires, are
identified by Beltsville herd numbers. Preduction-proved sires in
service in artificial breeding studs, whose semen was used during the
later years of the experiment, ave identified by stud code numbers.

The analysis is on a generation basis and includes all females re-
gardless of level of production,

The Foundation Herd

The foundation herd of Holstein cattle was made complete by sup-
plementing the small group of animals already at Beltsville with
three lots of females purchased in the spring of 1918, in Minnesota,
Ohio, and New York. These females were selected hecause of their
close descent from well-known sires of that day whose daughters
were attracting attention with their large milk and butterfat pro-
duction records. There were 22 cows in this purchased group, and
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7 are represented by female descendants. The purchased cows were
carrying six femsale calves, and three of these became foundation
cows with female progeny. The Beltsville group consisted of three
daughters of Johan Wooderest Lad 11th, two granddaughters of the
same sive, and eight daughters of hulls used before the breeding proj-
ect started. Seven of these 13 ave represented in the project by
female descendants.

Of the 41 original foundation cows, 84 completed production rec-
ords that avernged 542 pounds of butterfat. Only half (17) of these
females produced daughters for this project. This half of the foun-
dation herd, which formed tho basis ef fhe whole analysis, averaged
542 pounds of fat. They ranged from 765 to 877 pounds.

A complete story of the foundation herd has been published.®

Sires Used

The production-proved sire has now reached a position of promi-
nence in all general discussions of cattla breeding and also in the
liternture, and it is necessary to recall the date of the inauguration
of these breeding projects {1919) in order to get a true picture of
the problem of selecting an adequately proved sire when this work
was starfed,

Few, if any, breeders in the country were attempting to prove the
transmitting ability of their bulls by nonselective testing, Very few
bulls with daughters in milk were available for purchase. Selective
testing and lack of comparable records on the dams too often made
impossible a satisfactory assay of 2 sire’s ability. Cow-testing asso-
ciations were not, s6 numerous nor so continuous as today, the herd
test had not yet been coneeived, and yearly production testing was
limited. Flolstein-Friesian bulls that “were prominent in the litera-
ture and advertising of the day wore upheld by fashionable pedigrees
or by high records of some of their daughters, and often these records
were for only 7 or 30 days,

This situation meant a long and eareful search to discover a bull
for which there were sufficient data to afford & true indication of his
transmitting ability. The information availabls on the bulls at the
time of their purchase ir shown below.

Denton Colantha Sir Rag Apple 87426 (Sire No. 1)

In the fall of 1919 Denton Colantha Sir Rag Apple 87496 was pur-
chased from Benjamin Pringle, of Mayville, N.Y, He was put in
service on this project in October 1919.” At the time of purchase he
was 814 years old, and he continued in service at Beltsville until he
was past 16 years of age. Evidence available in the cow-testing asso-
ciation records of his daughters indicated that he was an acceptable
sire for use on this project.

According to the records of the breed secretary’s office, 52 daugh-
ters were registered as sired by Denton Colantha Sir Rag Apple and

" Fohrman, M. H, and Graves, R. R. EXPERIMENTS IN BREEDING HOLSTEIN-
FRIESIAN CATTLE FOR MILK AND BUTTERFAT PRODUCENG ABILITY . .. U.8. Dept. Agr.
Tech, Bull. 677, 81 pp., 1llus. 1939,
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born before October 1, 1920, Six of these were registered by the
original owner of this hull; 38 by Mr. Pringle, from whom the bull
was purchased; and 8 by neighbors of Mr., Pringle, Some of these
animals were sold and subsequently production information on them
appearad in the advanced-registry lists of the Holstein-Friesian
Association. The six in the original owner’s herd were never tested
for milkk preduction. The records of the remaining 46 show that 3
died before calving, 1 was a nonbreeder, 2 died on test, and 32 made
advanced-registry production records, Seven of the remaining eight
were sold into herds where no testing was done. Considering the
then-prevailing custom of selective testing, the ratio of these 32 to
the entive get was unusually high.

The 32 danghters completed a total of 70 advanced-registry records
with a mature-cquivalent average of 602 pounds of buttertat. Many
of these records were made under dulry-furm conditions in ordinary
cow ties, with twice-a-day milking, and moderate feeding. Others
were made by daughters sold into herds where they were milked
more than twice duily and given a better opportunity to express their
inherited production ability. Tor convenience, these 70 records have
been arranged in tabular form (table 1), divided into 305- and 365-
day divisions, and listed, by age groups, according to whether the
cows were milked twice daily or more than twice daily. These aver-
ages are based on actual production with no corrections.

Tanus 1.—Summary of 70 records made by 82 daughters of Denton
Colantha Sir Ray Apple that were sired in herds where he was used
prior to 1919

WFDAY RECORDS

2 daily milkings More than 2 daily milkings
Age class (yenrs) Average production Average production
Ree- Ree-
ords ords
Milk Butterfat Milk Butteriat
Number| Founds Percent | Pounds | Number |  Pounds | Percent | Pounds
- SOROT S| 1,303 | 3. 39 344 3111,932 | 357 425
: J I, 7111,212 ] 3. 26 306 2| 14,062 | 3. 65 511
L T, 71 11,595 | 8, 47 402 7| 14,262 | 3. 51 498
Mature. .o - a1 11,590 | 3 57 413 2] 181356 | 3.63 660
Totnl or aver-
age oo __ 27 | 11,114 | 3. 41 379 14 | 14,288 | 3. 56 507
365-DAY RECORDS
. S, 21 11,419 | 3. 25 372 &1 15,132 1 3. 40 512
2 S 3113,811 1|3 34 455 5| 17,697 | 3. 38 598
S 21 14,820 3, 42 805 120,038 | 379 767
Maoture. oo oo 3 {13,606 | 3.39 461 5 | 20,636 | 3 716
Total or aver-
17 S, 10 | 13,474 | 3. 35 450 19 + 17,514 | 3. 43 602
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Some of <he dge groups are small in number, but it is interesting
to note the consistent differences in production between the groug
that were milked twice daily and the others. This difference may
a fair measure of the effect of changed environment as some of the
cows made records in both groups, whereas others wers tested solel
in one or the other. On a mature-equivalent 365-day basis, the 3
records under twice daily milking average 228 pounds of butterfat,
whereas the other 33 average 685 pounds.

Further study revealed that 19 of these daughters were from dams
without ofticial records, but the other 13 were from tested dams. On
& mature-equivalent 865-day basis, the records of these groups are
as follows:

Average production
Group )
Miik Butterfat
Pounds Percent Pounde
19 daughlers from untosted dams..____ . __ . _______ 17, 803 3. 51 6
13 daughters from tested dams_ . _______________ 149, 553 3.38 652
14 dams of the tested daughters. . ___ . ____.____._ 19, 533 3. 40 662
Bifferonce. L oo ___ +20 —. 02 =10
Duughters better than dams_ o ____..__ pumber__ 7 9 6

The average for dams and daughters is approximately the same.
The dams of the seven daughters that faileg to ountproduce their
dams all had records above 650 pounds of butterfat. Five of the six
dams whose daughters exceeded their production had records below
600 pounds of butterfat.

Most of the above information had developed before this sire’s
dnughters that were bred at Beltsville came into milk, but of course
only part of it was available at the time of his purchase,

Varsity Derby Matador 234809 (Sire No. 2)

Sire No. 2 was purchased from the North Platte substation of the
University of Nebraska. He reached Beltsville July 1, 1925, His
daughters in the North Platte herd were tested for advanced-registry
records and were milked four times daily. Testing in that herd had
previously been official 7-day records, and some of the dams of his
daughters left the herd before yearly testing was begun. Indications
were that all danghters were being tested and, at the time of pur-
chase, production information was available on eight daughters,
seven with first-calf records, and the eighth with & second-calf record
becanse she had been bred too scon and her first record was cut short.

On four milkings daily for 365 days, these eight daughters aver-
aged 17,020 pounds of milk and 633 pounds of hutterfat, at an
average caiving age of 2 years 10 months. Only four dams had
records to compare with the daughters. On a mature-equivalent,
3615-day, four-times-daily milking basis, the following proof re-
sulted :
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G Average production
iroup R
Milk Butlerint
s d bt )!‘uuiuhl_ f‘c;t:?r{ J‘uuml‘ss
duughlers - 21, 115 3.7 ]
P O 22,744 | 347 831
Y el ARl
L (A (T SR pa 2, 1€ -+
Danghters better than dams_ Lo onoos nuinber. 4 4 1

This proof would nppear rather meager under present-duy condi-
tions, but ropeat rvecords of these daughters and incomplete records
on additionn] daughters indicated that the information was depend-
able. Production records for the (irst eight daughters ranged from
576 to T27 pounds of fat. Tn 1925 progony-tesied sires were scarce,
as DHIA proving of bulls had not been started at that time.

Pride of the Bess Burkes 201574 (Sire No. 3)

Pride of the Bess Burkes was purchased from the State School
and Flome herd at Redfield, S. Dak,, in 1927. Tle was sent to the
U.S. Daivy Field Station at ITuntley, Mont., and moved to Belisville,
January 5, 1929. e died on March 27, 1930.

The Redficld herd was large and most cows were being tested in
Advanced Register nnd wera milled four times datly. At the time
the bull was purchased, records were availabie on 14 daughters. In
their fivst lacintions they had nveraged 16,830 pounds of millc and
573 pounds of fat, calving at 2 yoars 10 months. Three of these were
from dwus that had no records. On a mature-cquivalent, 365-day,
forr-times-daily milking basis, the following proof developed:

Average produclion
Group

Milk Bulterfai
ot nrla Feroent Pmrnila
14 danghlers e e m e oo 21, 100 3. 41 718
1 doughtors. 20, 0 344 606
11 damg o _ceean 19, 210 3 A 620
Difference +1, 04D +. 20 4706
Daughters botter than dame 5 8 8

There was a wide range in the lovels of production of both daugh-
ters and dams, and beeause of the size of the herd it was difficult to
determine the amount of selection practiced in the testing program.
Later evidence provided 2 basis for our belief that this bull had
sired several danghters at Redfield that had the same production
deficiency manifested by two of his daughters in the Beltsville herd,
He was also heterozygous for color, but did not sire any red and
whito calves at Beltsville. However, during his brief pertod of sorv-
ice in the Huntley herd he sired a pair of female twins, one of which
was red and white.
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In the Redlield herd, Pride raised the percentage of butterfat from
3.24 to 3.4t and at Funtley from 3.67 to 3.80.

Count Piebe Hergerveld Ormsby 444321 (Sire No. 1)

Sire No. 4 was purchased from M. M. Slocum of Barneveld, N.Y.,
on October 18, 1930.

Information was available on 10 of his daughters that had com-
pleted fivst-calf records. They were all milked four times daily for
365 days, and their production ranged from 12,700 to 18,000 pounds
of milic and from 488 to 609 pounds of butterfat. Their average
was LLO82 pounds of milk and 550 pounds of fat, with an average
test of 3.08 percent. Mature-cquivalent averages were about 20,000
pounds of milk and 730 pounds of fat.

The four-times-daily milking procedure in the Slocum herd began
when the daughters of Count freshened. It was possible to develop
& comparison of five daughters and dams, and al} records were ad.
Justed to n 365-day, three-times-daily milking basis with the follow-
ing result:

Average production

Ailk Bufterfat

Paundy Percent Pounds
3 daupghters 12, 687 3. 66 462

5 dams 12,610 | 3 a4 428
+65 | +.22 +34
it 4 4

The level of the daughters compared favorably with the level in
the Beltsville herd at that time.

Chief Piebe Ormsby Burlke 444088 (Sire No. 5)

Sive No. 5 was purchased from H, A. Snyder of Montoursville, Pa.,
on May 14, 1932, This herd at the time was in DIITA, but some
cows were being milked three times daily and were advanced registry
tested. Tn addition, some daughters and dams had been milleed three
times daily for 30 to 45 days at the beginning of lactation. One
danghter was sold, and the new owner milked her four times daily.
Her record when she calved at 3 vears © months was 18.492 pounds
of milk and 739 pounds of fat in 365 days. Three danghters in the
Snyder herd made mature-equivalent butterfat records of 882, 792,
and 693 pounds in 365 days when AR tested on three milkings daily,

Averape production

Milk Butterfat

Pounds Pereent Pounds
16, 274 3. 78 615
14, 685 3. 69 546
41, 58¢ +. 09 +69
8 6 9
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From the complete data available, a final a¥praisa1 was made on 13
pairs, based on their mature-equivalent performance on 2 milkings
daily for 365 days (p. 14}.

Douglas Buttercup Hark 660575 (Sire No. 6)

Sire No. § was purchased from Folmer C. Hanson of Cedar ¥alls,
Towa, and arrived at Beltsville; December 12, 1938, The general
practice in the Hanson herd was to milk most cows thres times dail
after freshening, for perieds varying from 40 to 180 days. The her
was well managed, and most of the three-times milking was during
the fall and winter months. The ¥olstein-Friesisn World on May
12, 1942, reported the award of 2,000-pound fat certificates on seven
daughters of Douglas Buttercup Hark, an indication of the quality
of the herd handling.

From the vecords available at the time of purchase, a 14 dam-
daughter proof was developed on Douglas with all records adjusted
to & mature-equivalent, 305-day, two-times-daily wmilking basis:

Average produetion

Group
Milk Butterfat
Poundr Pereent Pourds
14 daughders. oo oo - 14,694 3. 89 571
14 dams . o o oo oo e e 12, 637 3 85 479
Difference +2, 057 +. 04 +92
Daughters better than dams. ... number__ 10 10 11

Douglas was in service in a second herd when he was purchased.
Management practices here differed from those in the Hanson herd,
and the herd was operating under the Herd Test. The point of inter-
est in this matter is that in November 1946 the Holstein-Friesian
Association issued the following proof on Douglas based on Herd
Test records of daughters in the second herd:

Avernge production
Group
Milk Butterfat
Pounds Fercent Pounds
24 daughters . meammmem o g, 540 3. 58 342
2ddams. e 10, 890 3. 46 370
Differente oo e —1, 150 +.12 -28

Rose Hill Emperor Governor 743892 (Sire No. 7)

Rose Hill Emperor Governor was owned jointly by John J. Voel-
kering and Charles Clingan of Burlington, Wis. He wag purchased
from them and arrived at Beltsville, June 20, 1944, The Voelkering
herd had been in DHIA testing for about, 8 years, and all cows were
milked twice daily. The record books indicated stability and careful
management, and all record information was readily available. The

542842—80——3
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cows were woll cared for and fed according to good dairy farm
practice,

‘The proof on which his selection was based was developed from
the frst records of 11 daughters, only 1 of which was millked in an
outside herd. On a mature-equivalent, 305-day, two-times-daily
milking basis, the proof was as follows:

Average production
Group
Milk Butterfnt
Palm_:_h Pereent Pounds

Lidaaghters . 13, 377 3. 73 499
LY dmns o o e 12, 196 3.78 459
LHTerence. v oo oo -+1, 181 —. 08 +40
Duaughters betber than dums. __________ number.._ 8 5 7

This information was then being supplemented by returns on 5
additional daughters and repeat records on some of the original 11,
sn that by the time ho was established in service at Beltsville the
proof had become:

Average production
Crroup
Milk Butterfat
¥ Potcrds Percent Paunda

M daughters el 13, 750 3. 80 523
16 dams. ... 12, 481 3. 8L 475
_ Bilterenee.- ... +1,269 | -.01 448
Daughters helter than dams_ . ________ number._ 12 9 12

The records for this sire were mare easily understood and inter-
gmted than was true of some of the other sires because of the sta-

ity of management and eare in seeing that the record books were
maintained in a complete and orvderly manner.

Experimental Results and Discussion

Distribution of Project Animals by Generation and Butterfat
Production

Table 2 shows the number of animals in each generation sorted ac-
cording to level of butterfat production. The total column at the
right does not include the foundition group, as the system of breed-
ing did not affect them. The average level of production increases
steadily after the first gencration. A 134-pound increase is shown
for the first five gencrations and 24 pounds from the fifth to the
eighth generntion.” There is some increase in variability up to the
third generation and then, nfter » quick drop, a continued decline.
The last three generations shown in the table are not complete be-
ause not ail the daughters had been tested when this analysis was
made. Means, standard deviations, and coeflictents of variability are
shown for each guneration group.




TasLE 2.—Animals in the foundation herd and in eac

h proved-sire bred generation, grouped according to level of butterfat

production
Foun- Generation
Butterfat production level (pounds) dg.ti%n
: er
1st 2d 3d 4th 5th 6th 7th 8th Total
Number Number Number Numbcﬁ Number Numbcrz Nu-ber2 Number Numbzr1 Number 6
R SR 1 L T I 1 2 6
________________________ 8 8 3 S S 22
1 2 3 8 9 15 7 5 49
1 2 5 13 11 17 13 4 66
1 5 11 12 16 16 4 7 73
3 6 9 9 9 9 5 4 59
1 4 7 10 9 4 D28 39
4 6 4 - 30 PR, 4 2 N 35
1 3 3 2 1 ) S I SN 15
4 5 kB IS, ) (IR [P 13
1 1 5% ISR FCTIN NI PN R 3
________ 1 ) N PRI SO ORI JINOIDEPI] SR 2
________ 1 B G FESCAUNURE FNUUIIN NP (R HYUIUI 2
[ [P IUTUIUEUENIY SUNOUNEUEVRUICH (UUpIEPRUE LIRS SN HONPROUPIPIP (R 1
17 35 36 51 71 67 71 37 23 391
(530 £:Y: SO number. |- __...__ 2 2 7 8 8 12 10 8l
Mean produection_.._.._.... pounds.. 542 535 555 606 673 696 698 710 720 656
Standard deviation.__..._._.._ do__.- 113 98 121 134 99 | 99 85 77 87 Jomomeeee
Coefficient of variation_ . ___..__._.__ 21.01 18. 37 21. 83 22. 18 14. 76 14. 26 12. 14 10. 80 1214 oo

AILLYD NVISHINJI-NITISTOH ONIAHIud
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The total bred herd of 301 females produced an average of 656
pounds of butterfat on a mature-equivalent, 305-day, twice-daily
milking basis.

The material is presented graphically in fioure 1, which affords a
picture of the progress made anl distribution of the animals in
various levels of butterfat production.

Dam-and-Daughtier Comparisons

The dam-daughter relation is shown in table 3. The 387 daughters
averaged 655 pounds of butterfat and their dams 640 pounds; 211
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Fmoxe 1.—Distribution of cows in various generations, by pounds of butterfat




TasLe 3.—Correlation of average butterfat yields of daughters and dams*

Butterfat pro-
duction class

Daughters in butterfat production class of—

of dams )
(pounds) 900 850 800 750 700 650 600 550 500 450 400 350 300 250 200 | Total
Pounds | ‘Pounds'| Pounds | Pounds | Pounds | Pounds| Pounds | Pounds | Pounds | Pounds | Pounds | Pounds{ Pounds { Pounds | Pounds
900 N umble'r Ntmber | Number | Number | Number Numbler Number | Number | Nuinber | Number | Number | Number | Number | Number | Number 5
850, i fem i e 1 [ 2 P 5 N SRR ISP IRPNNPIRN IV UPIOUPI FRPIPRNS NUGUIN S 7
B00. ot el e e 3 7 4 5 R S [EURSU (RUSURUSUOE INRUTIS SIUURVOUTUP FUNUEORUTN (IR S R 22
750 o lio 1 eiean 4 6 10 13 10 [woazoo 1 ) R VS NP I 1 | 47
700 1 2 4 9 11 12 3 4 .20 PO FU IR, ) S U, 1 50
{11510 Y P 2 4 9 13 11 12 4 12 I P S ) I OV PPN NI SO 65
600, - oo 1 1 1 3 16 16 11 10 5 3 1 1 ) A ISR IR 70
550 . e 2 omaoan 2 4 7 2 5 5 24 _____ F: I PRI (SISO JEPIPIUUS T 32
500, e e il 2 2 4 5 10 8 6 4 > T I ) S S 47
450 . il ]ecmaen 1 ) I 2 1 2 3 2 R FAUSUSTN SRR SOOI SR 13
400, . e cnfecca e 1 1 4 2 5 5 4 b2 RN PRSSUSUPIPR PRPSVEPRIU (PR 24
21511 7SS IUIUEPI FURUN JUIEUNU JWCUCEUIUN USRUUIPI, [UIGIPREUN MOIUPIPUT [P b I SNUNUL] JRUUN (EPUOTPIPON SSUUSPUPIONE FRPUIPU LR 1
300, oo emcm e ee ) AP S, 2 e ifemeeee b T PRSI JRNUVOUY (SN FIIPIOI SRR 4
2111 OSSN IANGRREIN SPSTUN (RO JUPUUU (RIS SUSOUPIPIPH PRI NS ) R SR S A PSS RSP IO 2
P 111 SR SUSURSIPN (SULURPUOUYI URRPIURUE ST RS UUNPIU ISP MUIPTIUON JUIPIENIUR MR PPRIPRP SO ) I SO FIPIU PRIPIPIN SR 1
Total..oceoo. 6 5 22 48 66 72 59 38 35 15 13 3 2 2 1 387
1r=0.43

ALLLYD NVISHIHA-NIALSTOH ODNIARITYL
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Q54.5 percent) of the daughters produced more than their dams.
Coeflicient of correlation between daughters and dams was 0.43.
Production records were not completed by the dams of 4 cows in
the bred herd of 391.

Tables 4 and 5 show the relation between the production records
of daughters when sorted according to the levels of production in
each group.

Comparisons of the average butterfat production of the daughters
produced in each gencration with the records of their dams are
shown in table 6. 61113* 15 percent of the daughters appeared in the
same production category as their dams. The large negative differ-
ence between the foundation cows and their daughfers calls for some
explanation. The average of the 17 dams was 542 pounds of fat,
but it happened that the 3 foundation cows with the lg)ighest records
ench {Jl‘OdllC{.‘.d 4 project daughters. Also, the lowest record (202
pounds of fal} was made by « daughter of one of these cows. This
group of 192 daughters from 3 founﬁation cows averaged 575 pounds,
which is 131 pounds less than their dams produced. The Temaining
23 daughters of 14 dams averaged 514 pounds of fat, or 2 pounds
above the level of their dams.

‘Tasun 4.—ctverage bulierfat production of dams and their daughters,
grouped according lo the level of buiterfal production of the dams

Average production
Butter{at production level of dams Compar-
{pounds) isons

Dams | Daugh- | Differ-
ters ence

Number Pounds Pounds Pounds

S00-949 e 2 904 793 —11i1
850809 oo 7 377 769 —108
800-840 ... 22 820 730 ~—90
TH0-TO0 . e 47 773 688 —85
TO0-749 . oo 50 722 693 —29
8300690 ___ e 65 671 674 +3
600-648 _ L e o 70 627 646 +19
S50-899_ ... 32 877 664 +87
SO0-548_ . 47 522 586 +64
450400 . L _ 13 481 588 +107
A00-449 .. 24 419 867 148
330~-399 . o ooo- 1 377 534 + 157
300-349 o __ 4 316 643 +327
250289 L 2 282 445 + 162
200-249 _ L 1 202 445 +243

Total Of AVErAZe « wooooceeee e 387 640 655 415

Dams with butterfat production of—
650 pounds or mMOrC_ - ..o 193 736 893 —43
Less than 650 pounds_ oo .. 194 544 617 +73
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The effect of having so many duughters from the highest produc-
ing cows is to bring the weighted average of the dams to 578 pounds,
or 36 pounds more than the unweighted average.

The daughlers of the fifth-generation dams make up the only other
oroup that averaged less than their dams, but the dams’ level is
E.igher than that of nny other gencration group.

TanLe 3. —Average butlerfat production of daunghlers and their dums,
grouped aecording fo the level of butterfat production of the duughters

Averuge production
Bulterlat produclion level of daughters | Compar-
(pounds) isong Daugh- | Dams | Differ-
i fers once
Nhuaher Poundy Pownils Pounda
Q00-04 e onoae G Ms 697 +221
850-800 . 3 875 634 4186
800-840_ .. 22 817 00 + 117
THO-TO% e oo - 48 73 705 +68
66 723 672 +351
72 673 673 0
59 627 631 -4
33 bid a77 —3
35 526 565 —39
15 477 509 —32
13 420 501 —-81
3 375 529 — 154
2 316 680 -~ 364
250-209 . oo 2 271 436 — 365
200-218 . oo 1 202 701 — 499
Total or average oo ___ 387 G55 640 +15
Daughters with butterfat production of—
650 pounds or more_ ... 219 756 633 +-53
Less than 650 pounds. ... ______ 168 550 583 —33

Three-Generation Comparisons

The data included 353 3-gencration compavisons. They originated
from the foundation group to the sixth generation. The number and
average butterfat production in the sequence from each generation
are shown in table 7. The weighting of the high-producing cows in
the foundation herd is again indicated in these figures. An arbitrary
breakdown into two groups, one with original dams’ records of 650
pounds of butterfat or more and the other all below 60 pounds,
shows that in two generations the average decline from high-produe-
ing dams was 54 pounds, and the average inerease from low-pro-
ducing dams was 120 pounds.
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TapLs ﬁ.wTwo—g:enemtion comparison of average butterfat yields,
grouped according to production of dams, by generation of origin

Generation of origin

Dams produced 650
pounds or more

Compar-| Dams | Daugh-
isons ters
Nunber Foutritla Pounds
Foundution. . ... oo 12 875
Yat e 1 630 367
B e e 9 727 574
3 ——————— 34 710 G690
1 42 747 720
1 U 5l 753 705
1 29 733 716
1 U 15 743 729
Total or average_ . ____ . . __..__.__ 193 736 693

Dams produced less

tha

n 650 pounds

23 512 514
35 512 560
432 513 613
37 561 857
24 592 658
19 506 677

8 557 691

6 604 680
104 544 617

All dama

35 678 535
36 517 555
51 551 606
71 633 673
66 691 698
70 711 697
a7 695 710
21 703 715
as7 640 655
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Tavue 7.-—Three-generation comparison of average butlerfat yields,
grouped according to production of eriginal dams, by generation of origin

Original dams produced §50 pounds

ar more
Generation of origin
Geueration
Compar-
isons
1 2 3

Numnber Pounda FPounia Pounds

Foundation._ ... 14 710 548 b
18t e mimmaas | ) POV PO
2d e e 18 727 616 0683
B0 e e 34 709 G692 063
At e 51 7456 733 704
] 1 R 28 785 708 704
1171 R 16 731 688 708
Total or average.__ .. ____.. 161 733 686 679

Original dams produced less than
650 pounds
Foundation_ o ... . ______.. 22 482 497 563
B L 51 835 851 606
L« FE U 53 519 638 669
3d . e 33 561 689 731
o 1] S 19 577 €58 676
5 1 1 9 604 G568 731
3 2 7 571 736 747
Total or average_. . .. _______..___ 104 o638 gl4 668
All dams

Foundation_ . ... 36 571 b17 8555
I8t e ——m————————— 51 535 851 806
2 e 71 571 633 673
3d o e 67 636 691 696
E 31 D 70 700 712 697
1 VI 37 718 695 710
Gth o= 23 682 704 720
Total or average. ..o oo 355 626 646 667

542043 —50—HA
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Four-Generation Comparisons

Four-generation comparisons originated in all generations from
the foundation to the fifth generation, inclusive. ’lghey number 319,
and table 8 presents them in sequence from the generation of origin.
Average butterfat production by the members of the fourth genera-
tion in each sequence was higher as the generation of origin pro-
oressed.

Fourth-generation descendants from high-producing original dams
averaged only 14 pounds more butterfat than those from low-pro-
ducing dams,

The three-generation decline from high-producing cows averaged
31 pounds, whereas the averago three-generation increase from low-
producing cows was 131 pounds.

Tanun S.——Fo'ur-gsnemtim:.' compurison of average butlerfat yields,
grouped according to production of original dams, by generation of vrigin

Original dams produced 650 pounds or more

Generation of origin 2 Generation
Compar-
isons

" Original dams produced less then 650 pounds

24 489 492 529 | 606
71 544 571 633 673
53 534 434 703 | 697
34 576 714 714 675
5 578 [ 661 694 | 713
7 584 [ 657 760 703

200 544 610 661 675

All dams

935
571
636
700
722
682

633
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Five-Generation Comparisons

Table 9 records the 269 five-generation sequences in accordance
with the generation of their origin, The gain from the original
dams to the members of the fifth generation averaged 100 pounds of
butterfat.

The fifth-generation descendants from original dams that produced
more than 650 pounds averaged only 11 pounds mere than the fifth-
generation progeny of original dams that produced less than 650
pounds. The original dam groups averaged T18 and 536 pounds,
respectively.

The four-generation decline from high-producing dams was onl
16 pounds, and the increase from low-producing dams averaged 15%

pounds.

TabLe  9.—Five-generation comparison of average butterfat yields,
grouped according to production of original dams, by generation of origin

Original dams produced 650 pounds or more

Generation of origin Generation
Compar-
isons
1 2 3 4 5
Number Pounds FPaunds Pounds Pounds Popnds
Ll“‘%undation __________ 45 727 590 588 638 687
-] RPNt I | N SORPRpRt EPVEVOURRUY (RSNPRVVEOIUY UPUPNOUVINY U
24 .. 17 712 670 661 895 692
o 15 680 631 727 736 725
dtho . 13 730 733 696 688 734
Total or average____ 86 718 644 643 674 702

Original dams produced less than 650 pounda

Foundation. _ . aua..._ 30 483 482 548 625 6564
sb L 67 533 570 636 691 696
2 . 54 537 623 712 716 700
3d. e eeoes 22 574 719 713 668 701
dth s 10 620 639 G644 724 704

Total or average_._. 183 536 592 655 682 691

All damsz

Foundation. - _.___.__ 71 624 h44 571 633 673
18t e 67 533 570 636 691 696
2d . e 71 579 634 700 711 608
3d . 37 617 703 718 695 710
dth. oo 23 687 692 682 703 720

Total or average..__ 269 594 609 651 682 694
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Six-Generation Comparisons

The six-generation sequences number 198, and they stem from
original dams in the foundation herd and from first-, seeond-, and
third-generation cows. They are arranged sccording to generation
of origin in table 10. The improvement in average production from
ogi inal dams to members of the sixth generation was 128 pounds
of fat.

The sixth-generation descendants of the original group of high-
producing dams {over 650 pounds of fat} averaged 13 pounds more
fat than those of the low-producing dams, but the average of the
original high-yroducing dams was 200 pounds higher than that of
the origin:ﬁ dams that produced less than 650 pounds.

The decline in the group descended from high-producing dams
averaged 12 pounds of fat, and the increase in the group descended
from low-produeing dams was 175 pounds.

TABLE 10.—Siz-generation comparison of average butterfal wields,
grouped according to production of original dams, by generation of erigin

Original dams produced 650 pounds or more

Generation of origin Com- Generation
pari-
BODS

Number| Pounds | Pounds | Pounds | Pounds | Pounds | Pounds
33| 728 581 531 6556 734 Ti0

Loe
o
[
o
[41]
o
4
-]
~J
]
o
(4]
-y
b2
—
-]
Py
=]

48 | 724 614 | 617 | 676 ; 724 712

Original dams produced less than 650 pounds

Foundabtion, oL ___ 34| 472 486 550 | 616 647 682
18t e emeem e 71 533 579 634 700 71t 698
2d e 31| 546 | 609§ 729 V22 601 705
K 7o 14 £50 676 663 652 716 732

Total or average_.___. 150 | 5241 573 | 6371 681 693 699

All dams

Foundation oo _ 67| 598 | 533 | 570 | 636 | 691 696
I8t o dmeiammmmmm——m—maa 71 5331 579 634 ) 700 | 711 698
2 o e 37 580 817 706 718 695 710
2 S 23 611 687 592 6R2 703 720

Total or average.___ .- 198 | 573 ] 583 | 632 | 680 70O 702
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Seven-Generation Comparisons

The data provided 131 seven-generation sequences from original
dams in the foundation and first- and second-generation groups.
Table 11 has these sequences arranged according to generation of
origin. The members of the seventh generation averaged 135 pounds
more fat than the original dams from which they were descended.

Descendants in the seventh generation from tﬁe original group of
low-producing dams averaged 7 pounds more fat than those from the
high-producing dams, but the original high-producing dams aver-
aged 217 pounds more than the other group.

TapLe 11.—Seven-generation comparison of average bullerfal iields,
grouped according to production of original dams, by generation of origin

Original dams produced 650 pounds or more

Generalion of origin | Com- Generation
pari-
50nNS
1 2 3 4 5 6 7
Number | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds
Foundation_ . _____ 35 726 578 | 576 | 633 745 | 735 70k
Ist - VI (SRR (SRS FIPSURP PR (PSR RpRyt) A PP
2d . 3| 01| 656 | 641} 763 | 727 | 665 659
Total or average___| 38| 724 | 584 | 5381 | 644 | 743 | 729 700

Original dams produced less than 650 pounds

36 | 469 | 488 ( 58t 6351 6565 | 686 692
37| 550 | 580 1] 617 703{ 718 | 695 710
20| 495, 604 694 | 681 676 | 710 739

93 | 507 | 5407 620 | 67V2 ] 685, 695 707

All dams
Foundation_..._.____ 71| 595 | 533 | 579 | 634 | 700 |- 711 698
| 1) S 37 550 580 | 617 703 718 895 710
b« T 231 522 Bl1| 687 | 692 | 682§ 703 720
Total ot average___| 131 | 570 | 560 | 609 | 664 702§ 705 705

Eight- and Nine-Generation Comparisons

All 60 of these sequences originated in the foundation and first-
generation groups. Table 12 shows all of the eight-generation se-
quences.

Table 13 lists the nine-generation sequences from dams whose pro-
duction was above and below 650 pounds of fat.




8¢

TasLE 12.—Eight-generation comparison of average butterfat yields, grouped according to production of original dams,
by generation of origin

Original dams produced 650 pounds or more

Generation of origin Generation

Pounds " Pounds
581 589

Original dams produced less-than 650 pounds

510 577 614 620
518 601 683 688

516 693 661 668

All dams

617
687

FUALTAOIYOV 0 “IdEQ 'S'a ‘0331 NILATIAE TVOINHOAL

Total or average..._ ( ) 644




TaBLE 13.—Nine-generation comparison of average butterfat yields, grouped according to production of original dams,
by generation of origin

Original dams produced 650 pounds or more

Generation of origin Generation

Pounds Pounds Pounds Pounds
Foundation 728 572 570 20 740 726

Original dams produced less than 650 pou

Foundation 509 602 639 661

All dams

Foundation 611 687

ATLIVD  NVISTISI-NIAISTOH DNIATIH"
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As n final swnmary, table 14 was compiled to show the average
records of the original dams from which each sequence of two to
nine generations is descended, and the average production of the
descendants in the final generation. The data ave shown in total
and when sorted on a basis of original dams that produced more or
less than 650 pounds of fat.

Tabie 14 —SomMary: Average bulterfat yields of the original dams
and their descendants in each generation

Generations in sequence

Original dams produced G50 pounds ar more

{number)
Comparisons Damns Descendants | Difference
o Ni umberl 93 Pounds Pounﬁ% o Paunds 46
. R 161 733 670 — 54
o 119 720 689 -3l
s S 86 718 702 —16
G o 48 724 712 —-12
T e 38 724 700 —24
- ST 22 730 608 —41
L I il 723 742 +14
Original dsms produced less than 630 pounds
. 194 H44 817 +73
. S 194 H38 658 -+ 120
4o _ 199 5tk 875 <131
T 183 536 691 +1556
B e 150 524 609 +175
T e e 93 507 707 +200
- S 38 520 723 +203
1 12 476 0899 +223
All dams

387 640 655 +15

355 626 667 +4]

319 609 680 +71

269 504 694 +100

198 573 02 +129

131 570 705 +135

60 600 714 4114

23 597 720 +123
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Levels of Butterfat Production

This report presents the effect of u system of breeding dairy
cattls on the level of butterfut production. Results already noted
indicnte a fairly steady increase in butterfat production by genera-
tions, and it is interesting to look at the project animals when
grouped according to the level of their own performance. This is
offered in the hope that it will afford some explanation of relation
of individual merit to transmitting ability,

Tho project animals were originally studied in gronps with a pro-
duction range of 50 pounds of buiterfat, but in order to conserve
space these groups were further consolidated.

The material is presented in a series of tables and figures designed
to show the dam-and-daughter relationships of cows on different
levels of butterfat production and also the effects on these relation-
ships wronght by successive gencrations of proved-sire breeding.

Breedurs are always interested in the origin and transmitting po-
tential of the better producing cows. However, these tables offer
such information not only on the better cows but on an entire herd.
For instance, daughters that produced 900, 800, and 700 pounds of
butterfat were all from dams that averaged close to 700 pounds; but
daughters that produced 600, 500, and 400 pounds were from dams
that averaged 654, 571, and 505 pounds, respectively. On the other
hand, dums that produced 800, BO0, 700, 610, 500, and 400 pounds
had daughters that averaged 793, 739, 690, 660, 618, and 574 pounds,
respectively.

Table 18, which deals with the 600-pound butterfat level, shows
that sixty-two 600-pound cows born in the first, second, third, and
fourth generation were from dams that averaged 598 pounds, while
the 69 born in the fifth, sixth, seventh, and eighth generations had
dams that averaged 705 pounds—n 49-pound increase in the early
eenerations and a 48-pound decrease in the last four generations.
There is also the interesting observation that the 600-pound cows
in the foundation group and first, second, and third generations had
67 daughters that averaged 642 pounds, which was the same as the
average of their dams; whereas 600-pound cows in the fourth, fifth,
sixth, and seventh generations had 68 danghters that averaged 677

ounds of butterfat, or 22 pounds more than their dams. Similar

ata are given for other levels of production. )

The tabular material indicates the number of tested cows of differ-
ent production levels that appeared in each generation, the number
that had tested dnaughters, and the number of tested daughters. In
addition, the average butterfat production of each group of dams
and daughters and the difference between daughters and dams is
shown. After the figures for the entire group there is a breakdown
into subgroups, one made up of the first four generations and the
other the last four generations.

While the average production of dams and daughters of cows of
different levels of production is important, these averages acquire
additional interest when the range of production is added. This is
shown graphicaily in figures 2 and 3.

542042—00-——5




TasLe 15.—Cows that produced over 900 pounds of butterfat

Generation in which
they appeared

Average production

Compari-
sons

900-pound
COwSs

Daims of

900-pound | Difference

cows

900-pound
cows
that had
daughters

Average production

Tested
daughters

Daughters

900-pound
dams

Difference

Total or average....

Pounds

Pounds

Pounds

Nunber

Number

Pounds

FPounds

44

631 NILETIA" TVOINHOHL
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d
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TaBLE 16.—Cows that produced 800 to 899 pounds of butterfat

Average production Average production
800-pound
Generation in which Compari- cCOWS Tested
they appeared 80ns 800-pound| Dams of | that had | daughters 800-pound
cows 800-pound | Difference [ daughters Daughters dams Difference
cows
Number o Pounds Pounds Pounds Number Nunber Pounds Paunds Pounds
(13 (RO, FUSDRPA RO SRURICHUIPI NUNSPURNOUUPRY UPNUNS-SNPUE NORPU IS WP PRSI NPT
(135 (N MU FPURSUUUUIN (OUROAUIIpI NS NUNSUSOEIN AP Ut KU
1 882 626 +256 1 3 793 882 —89
9 827 651 +176 7 11 753 835 —82
9 828 740 +4-88 8 12 710 827 —-117
3 809 731 +78 1 1 774 820 —46
4 809 672 +137 4 2 738 805 —67
1 875 720 +155 b2 P U SN FOLPURSRPION USRI
Total or average_.__ 27 828 698 +130 23 29 739 834 —95
Average production
Group Compari-
sons
Daughters! Dams. | Difference
800-pound daughters born in— Number Pounds Pounds Pounds
3d and 4th generations . ... oo it e c s b e —— 10 832 659 +173
5th, 6th, 7th, and 8th generations. ... . ... .. e cdicisiehmm————- 17 825 721 +104
800-pound dams in— :
3d ZenEratioN . o oo o e e d G —————— 3 793 882 -89
4th, 5th, 6th, and 7th generations .. ... __ el aon 26 733 829 ~104

TILLVD NVISHIHJI-NIGLSTOH DNIAAIYd
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TaBLE 17.—Cows that produced 700 to 799 pounds of butterfat

Average production Average production
- 700-pound

Generation in which Conipari- cows Tested
they appeared sons 700-pound| Dams of that had | daughters 700-pound
i cows 700-pound | Difference { daughters Daughters dams Difference

cows

Poun’di

704
748
743
742
746
747
742
749

Total or average._.. 745

Average production
Compari-
sons

Daughters| Dams | Difference

700-pound daughters born in— Pounds Pounds Pounds
1st, 2d, 3d, and 4th generations 34 742 630 |- +112
5th, 6th, 7th, and 8th generations 746 711 +35
700-pound dams in— ; ;
oundation, 1st, 2d, and 3d generations . 616 740 —124
4th, 5th, 6th, and 7th generations . 719 749 —30

FYALIADIYOY 40 LdAd °S'A ‘0381 NILATINE TVOINHOHEL




TasLE 18.—Cows that produced 600 to 699 pounds of butterfat

Average production | Average production
600-pound
Generation in which Compari- cows Tested
they appeared Bons 600-pound | Dams of that had | daughters 600-pound
cows 600-pound | Difference | daughters Daughters dams Difference
cows .

: Number Pounds Pounds Pounds Number Number Pounds Pounds Pounds
Foundation_____________. 4 38 | miccefamealoa 4 8 573 643 —70
1) S TN IOOR 10 634 657 —23 7 8 583 635 —52
2d el 11 641 548 +93 9 17 666 626 +40
o1 I U L 20 650 . 550 +100 17 34 660 651 +9
4th.. . a_olaill 21 654 641 +13 19 24 664 657 47
Bth. e iiiian 25 656 690 —~34 22 26 662 650 +12
6th____._____ . _____.__. 25 661 729 —68 21 10 741 664 +77
Fth. oLl 9 658 712 — 54 9 8 681 655 +26
8th. .o loiiaios 10 648 675 —27 2 IR RRRI (TSNP (PSNETSIN G

Total or average____ 131 652 654 -2 116 135 660 648 +12

Average production
Group Compari-
8ons )

Daughters| Dams Difference

600-pound daughters born in— * Number Pounds Pounds Pounds
1st, 2d, 3d, and 4th generations.. . _._ i i ccceinm e 62 598 +49
5th, 6th, 7th, and 8th generations_ .. _ . i iiecaiiaan 69 657 705 —48

600-pound dams in— )

oundation, 1st, 2d, and 3d, generations_ . _ i cecmeeamooo 67 642 642 0
4th, Bth, 6th, and 7th generations_._ L eceaaaaa 68 677 655 +22

ATLLLYD  NVISEIYHJI-NIJISTOH ONIqAHHY
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TaBLE 19.~—Cows that produced 500 to 599 pounds of butterfat

Average production

500-pound

Average production

4th, 5th, 6th, and 7th generations

Generation in which Compari- cows Tested i
they appeared sons 500-pound | Dams of that had | daughters 500-pound
COWS 500-pound | Difference | daughters Daughters dams Difference
cows

Nimber Pounds Pourids Pounds Number Number Pounds | Pounds Pounds
Foundation..______..____. 5 £ U ACUOUNSS R 5 11 513 530 —-17
B ¥} 14 530 552 —22 11 16 557 522 +35
2d e i 10 544 491 +53 8 11 570 539 +31
A el 11 550 508 442 9 14 671 561 -+110
dtho . 18 559 597 —38 14 13 669 555 +114
Sth_ L ll.i. 8 571 646 —75 7 8 715 566 4149
Oth_ . .. 8 553 630 77 6 4 707 535 +172
Athe . 4 560 618 —58 4 2 666 571 +95
8tho L LU RESRRUSSTUUN OISR SNV NIRRT NN ORI SR N
Total or average.... 73 551 571 20 64 79 018 544 +74

Average production
Group | Compari-
sons

Daughters| Dams | Difference

500-pound daughters born in— Number Pounds Pounds Pounds
1st, 2d, 3d, and 4th generations. .. . oo i e 53 547 H4a7 0
~ 8th, 6th, and 7th generations .. __ . _ 20 562 637 —75

500-pound dams in—

Foundation, 1st; 2d, and 8d generations. - - il 52 581 538 443
27 688 556 +132

9¢
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TaBLE 20.—Cows that produced 400 to 499 pounds of butterfat

Generation in which Compari-
they appeared sons

Average production

400-pound
cows

Dams of
400-pound
cows

Difference

400-pound
COwWS
that had
daughters

Tested
daughters

Average production

Daughters

400-pound
dams

Difference

Number

O = DR YR

Pounds
497

Pounds
34

[
Qo

Total or average._._

erage produc

tion

Daughters

Dams

Difference

- '400-pound daughters born in—
1st, 2d, 3d, and 4th generations
5th and 6th generations
400-pound dams in—

Foundation, 1st, 2d, and 3d generations

6th generation

Pounda

445

575
556

Pounds
493
604

440
455

Pounds
~42
—159

+135
+101

NIGILSTOH ODNIGHERUA
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TaBLE 21.—Cows that produced less than 400 pounds of butterfat

Generation: in which
they appeared

Average production

Compari-
sons

Under 400+
pound
cows

Dams of
under 400~
pound cows

Difference

Under 400-
pound cows
that had
daughters

Tested
daughters

Average production

Daughters

Under 400-
pound
dams

Difference

Foundation
Ist

4th to 8th

Total or average !__.

Pounds
377

! Foundation group omitted,

8¢
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Figures 2 and 3 are based on a division of the data into below-
average and sbove-average groups, with 650 pounds of butterfat as
the division point. The dams of 219 cows that produced 650 pounds
or more ranged from 800 to 900 pounds, and averaged 683 pounds.
The 193 danghters of cows that produced over 650 pounds ranged
from 200 to 900 pounds, and averaged 693 pounds.

Doms of cows that produced Cows tligt produced over 650 |b.
over 650 Ib, of butterfot of hutterfat
! T BUTTERFAT LEVEL (Ib) ' !

L 900 4
W, 800 2
NN W

i
iz

iz
7000 00 07000

iz Jeool
A
- J500F
z ~ 400 |-
19 cows, avera B [ 219 cows,
Bt 5T - 300 butterfat 736 Ib.
| 1 L 200 i i
0 25 50 75 O 25 50 75
NUMBER OF COWS
Caws thet produced over Daughters of caws thai
650 Ib. of butterfut and produced over 650 |b. of
had tested daughters butterfuy

1 ' BUTTERFAY LEVEL ilb.) | I

.
2

»

anerer 736 " 300§ anerto S0
_ - - 200 | S
0 25 50 75 0 25 50 75

NUMBER OF COWS

FicUre 2.—Rutterfat level of cowa that produced 650 pounds or more as com-
pared with that of their dams and of their daunghters.
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The dams of 168 cows that produced less than 650 pounds ranged
from 200 to 800 pounds, and averaged 533 pounds. The 194 daugh-
ters of cows that produced less than 650 pounds ranged from 300
to 300, and averaged 617 pounds. Six cows produced more than 900
pounds, and half of them were from dams that produced less than
650 pounds.

Dems of cows that produced Cows that produced less than
less than 650 [h. of burterfat 650 1b. of butterfat

T T"BUTTERFAT LEVEL (Ib.) T T

W
YA i A
et 7744

s VA

T

168 cows, overage : 168 cows, average

butterfat 583 |b. - p butterfar 550 b,

| 1 | ] |

25 50 75 25 50 75
NUMBER OF COWS

Cows that produced less thon Daughters of cows that produced
650 Tb. of butterfat and had less than 650 Ih. of buiterfas
tested daughters
T T"BUTTERFAT LEVEL (Ib.}™T T
] P
%

V4 772277
A

%
Vs

194 cows, overage ~ 0 194 cows, average
butterfot 554 b, : butterfat 617 b,

! ! | L
25 50 25 50 75
NUMBER OF COWS

Fiaure 3—Butterfat level of cows that produced less than 650 pounds es com-
pared with that of their dans nad of their daughters.
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A Study of the Effects of Female Selection

A general recommendation to dairymen and breeders has been
not to raise any daughters from the lower producing cows in their
herds. Fortunately for those making the recommendation, theres is
no accurate way for dairymen who follow this advice to determine
the effectiveness of this type of selection. Tf danghters from lower
producing cows are not raised, they do not become parf of the herd,
their production records are not available, and they in turn make no
contribution to the future herd or the analysis. However, the breed-
ing experiment with Holstein cattle reported here was conducted
without culling daughters of any cow regardless of the dam’s pro-
duction. As a consequence, the data represent a complete herd,
which makes it possible to defermine accurately what the results
would have been if such w policy of selection had been incorporated
in the experimental procedure from the beginning.

First the data were analyzed to determine the results of discarding
daughters of all cows that produced less than 400 pounds of butter-
fat.  With an initial average of close to 550 pounds, this did not
appear to be extreme, and as a matter of fact, only nine cows in the
herd produced less than 400 pounds. Oune was a foundation cow,
one appeared in the first generntion, and three in the second genera-
tion; all but one of these five had female progeny. The other four
came in the third generation, and they include the two abnormal
daughters of Sire Xo. 3 and two inbreds. The only contribution
from these four came from one of the abnormals. The other ab-
normal had only male offispring, and the two inbreds alse had no fe-
male oftspring. In the selection we were concerned only with the
progeny of five cows, and the total population of the foundation
herd and (irst three generations totaled 139, so the proportion of
thoso involved was very small. The level of selection of 400 pounds
is modest in o herd of this kind.

Tn Jooking at the results in table 22, it is welk to remember that
when a daughter of a dam that produced less than 400 pounds is
discarded, the herd alse loses all her future descendants, and these
too constitute a gain or loss to the future herd. The upper part of
table 22 shows the cffect on average butterfat production and the
Jower half indicaies the change in numbers by generation and pro-
duction level. The information in the table is on a generation basis
in order to conform to material previously presented.

The column “Discarded herd” is made up of the animals in_each
generation that had at least one female ancestor that produced less
than 400 pounds of fat. 'The 37 in this category are the animals that
would not have appeared in the herd. Their average was 631 pounds
of butterfaf, and by omitting them the residual herd of 35¢ females
averaged 2 pounds more than the herd with all progeny raised.

The results at the 400-pound level were interesting, and it was
determined to try the effect of raising the level of selection to 410
pounds of butterfat and again to 420 pounds. At the 410-pound
lovel, the “raised” herd of 299 cows averaged 649 pounds of butterfat
and the “discarded” aronp of 92 averaged 643. When the level was
set at 420, the “raised” herd of 266 averaged 660 pounds of fat and
the “discarded™ group of 125 averaged 647.




| TanLe 22.—Effect on herd if all daughters of cows that produced less than 400 pounds of butterfat had been discarded

EFFECT ON PRODUCTION

Whole herd

““Raised’” herd

“Discarded” herd

Generation
Average Average Average
Number produc- Number produc- | Number | produc-
tion tion tion
Pounds ) Pounds Pounds

e SR 35 535 24 535 1 534
2 e e 36 555 34 555 2 555
L 51 606 45 613 6 658
Abh T 71 673 62 677 9 645
3 U TR O 67 696 59 702 8 658
2 I 71 698 63 701 8 672
TR T 37 710 36 713 1 606
] S S S N S 23 720 21 726 2 649
Total oraverage_ - ... ___________ . __l_ .o . . 391 656 354 658 37 631

EIHD.L'IDDIHD,V d0 ‘ILdAd 'S’ ‘0281 NILATING TVOINHOWEL
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EFFECT ON NUMBERS IN VARICUS LEVEL-OF-PRODUCTION GROUPS
[First number {n eéach column indicates all cows; second number, those that would have been discarded]

Butterfat production level

Generation
900 800 700 600 500 400 300 200 All

pounds pounds pounds pounds pounds pounds pounds pounds groups

Number Number Number Nuimber Number Number Number Number Number
b 1] TSRS T U U JUUURORPINN PRI 1-0 10- 0 14-1 9-0 oo - 1-0 35~ 1
b 7o PR USUIIUIIU T NIRRT LA 4-0 11= 1 10-0 81 2-0 1-0 36— 2
Bde il 1-0 1-0 80 20- 3 11-1 61 3~1 1-0 51—~ 6
Ath i |ieeiaaiin 9-0 21-3 21~ 2 18-4 240 [aemcdcmm e 71- 9
Gth. o o_Lllls 2-0 C9-1 20-2 25—~ 3 9-1 2 N IO A, 67— 8
£ 017 PSR 2-0 3-0 32-3 25~ 3 8-2 2 | 1 SRS, FOREIR 71- 8
()1 DS I SN [UIUECIU 4-0 20-0 9-1 Lt I U IR |RRpe 37--1
Bth ool 1-0 2-0 9-0 I8 I N I SR PIN P 23- 2
Total oo 6-0 28-1 115-8 132-15 74-9 28-3 51 3-0 391-37
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Up to this point it would appear that as the selection level was
raised by 10 pounds of fat, the residual herd avernged 1 pound more.
The selection level and number of cows did not appear to be out of
proportion to the average of the herd and total number of cows.

Tho next step up in the selection level was only 5 pounds, which
set it at 425 pounds of fat.

The efiects of this procedure on avernge butterfat production and
numbers of animals are shown in table 3.

The total number of cows with records of less than 425 pounds of
butterfat was 21, with 4 in the foundation herd, 4 in the first genera-
tion, 7 in the second, and 6 in the third. Fifteen involved in the
selection procedure included 4 foundation cows, 3 in the first genera-
tion, 5 in the second, and 3 in the third. Including the fourth gen-
eration these 15 had $2 female progeny, of which 4 produced less
than 425 pounds of fat; the remaining 118 cows had 13 below that
figure in a total of 111. The resnlts were rather startling when it
was found that the 176 cows in the “discarded” herd averaged 661
pounds of fat, or 10 pounds more than the 215 that would have been
raised. It is intercsting to observe that the selection procedure at
this level resulted in a loss of about half the animals in the third,
fourth, fifth, and sixth generations. The last two generations are
not complete. Seventeen cows in the “raised” herd produced less
than 425 pounds of fat, and only four of these had a female ancestor
that failed to reach or exceed that level.

Table 23 also shows the percentage of females that would have
been raised witu selectioi: based on 425 pounds of fat. For the whole
herd of 391 cows, 55 percent would have been raised. This basis of
selection affected all levels of production from 400 pounds and more
about equally, and these levels include over 98 percent of all animals
in the study. In the combined 800- and 900-pound groups, 53 percent
were in the raised group. This figure, along with the percentage
shown in the last column, shows that the effect by generations, be-
ginning with the thivd, and by levels of production, tends to be fairly
uniform. This type of selection failed to exclude from the herd the
lowest producing animals.

If no daughters of cows that produce less than 425 pounds of
butterfat were to be raised, theoretically we would have two herds
—one would be the “raised” herd and the other the “discarded” herd.
These two herds are defined by gencrations and levels of production
in tables 24 and 23, to afford a better understanding of what would
linve taken place.

The data show the ineffectiveness of heifer selection based on the
dam’s low level of butterfat production. The complete data have
made it possible to establish the total gain or loss to the future herd
that would have been brought about by this type of selection. No
doubt the results shown here are in part due to the influence of the
sires used to produce the herd.

The old genetic theory that like begets like may be the basis of the
recommended practice of culling heifers from low-producing dams.
Its continued use would certainly not be harmful, but it appears that
its possibilities have been overemphasized for greatly improving the
production level of the herd.




TasLe 23.—Effect on herd if all daughters of cows that produced less than 425 pounds of butterfat had been discarded

EFFECT ON PRODUCTION

Whole herd “Raised’ herd “Discarded” herd

Percentage

Generation raised

Number | Average | Number | Average | Number | Average
production production production

Pounds Pounds Pounds Percent
B 1] UL U S PRSP ISR 35 535 30 54 3 482 86
2 e e e i i emdimm————— 36 555 24 556 12 553 67
£ 1o U S S SN SRy SO 51 606 27 605 24 607 53
.1 3 o F U N SN SO UP U DRSS Sy R 71 673 35 683 36 663 49
Bt e e el rmmenim———n 67 696 32 718 35 676 48
BN e emeicmmmmm e e m e 71 698 34 696 37 700 48
Tt i mmmmm el e miieehaam———e 37 710 24 706 13 718 65
Bth o e i e e imeem—aae 23 720 9 731 14 712 39
Total Or AVerage. .- - oo ccccmmns 391 656 215 651 176 661 55
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TasLe 23.—Effect on herd if all daughters of cows that produced less than 425 pounds of butterfat had
been discarded—Continued

EFFECT ON NUMBERS IN VARIOUB LEVEL-OF-PRODUCTION GHOUPS
(First number in each column Indfcates all cows; second number, those that have been discarded)

Butterfat produection level
Percent-
Generation age

i 600 500 400 300 Total | raised
pounds { pounds | pounds | pounds

Number Number Niimber Number Number
10-0 14~ 2 9- 3 : 01356~ 5
11- 3 10- 4 8- 4 36- 12
20~ 9 11-6 X 51- 24
21-11 18-10 ) 71--36
25-12 67—~ 35
25-15 ; 71— 37
9= 4 ) 37- 13
2-1 11- 7 23~ 14

28-11 132-61 391-176

Percent Percent Percent Percent Percent Percent
61 55 54 55 55 0 100
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TanLe 24.—Distribution of the “raised” herd ai a selection level of
426 pounds of butterfal

Bulterfat Generation
produclion
class
{pounds} st 24 3d dth | Sth | 6th | 7th § 8th | Total
MNumber | Number Numbfr Nuniber | Number | Number ! Number | Number Numbt&
1 1 1 1 1 5
4 5 1 2 12
2 5 L] 8 4 2 27
1 1 3 G 4 11 8 2 36
2 3 3 9 5 i) 3 4 41
8 5 G 1 4 4 2 30
3 3 5 3 3 2 2 21
g 3 § 1 2 20
3 1 2 1 1 8
3 3 1 7
1 1 2
1 I 2
1 1 2
1 1
30 24 27 35 32 34 24 g 215
Pounds | Pounds { Pounds | Pounds | Pounde | Pounds | Pounds | Pounds | Pounds
Avernge._____ 44| 5567 605 | 683 7TI8| €06 708 | 731 651

Tasup 25.—Distribution of the “discarded” herd at a selection level of
425 pounds of butterfat

Butteriat Generation
production
elnsa
{pounds} Lst 2d 3d 4th Bth 6th 7th | 8th }Totel
MNrowder | Number | Number | Wumber Numb2¢f Numig'r Number Numbfr Numbcr5
I 1
4 3 2 1 10
3 3 3 7 3 3 22
1 2 7 7 5 5 2 30
2 G 3 7 10 1 3 Ky'4
1 3 8 5 5 3 4 29
1 2 7 6 2 18
2 3 4 3 3 16
2 2 1 1 1 7
1 2 2 1 8
1 1
i3 12 24 36 35 37 13 14 176
Average pro- | Pounds | Pounde | Pounde ! Pounde | Pounds | Pounds | Pounds | Pounds | Pounds
duction_._._ 482 553 | 607 G663 676 | 700 ; Ti8 ' 712 861
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This type of female selection should not be confused with the
practice of culling low-producing cows for management purposes.
The latter has an immediate beneﬁcial effect on the llg:chd average and
on the economy of operating a dairy herd. However, when produc-
tion-proved sives are nsed, there appears to be very little benefit, so
far as herd improvement is concerned, in discarding the daughters
of tho lower producing cows. Perhaps better advice to dairymen
would be to sell these cows but raise their daughters, if the daughters
aresired by production-proved bulls.

Since the evidenco su{))mitted reveals the offect or lack of effect of
fermale selection, it might be interesting to further explore the data
to try to determine the impact of selection on succeeding generations,
and how soon its effect is lost. Table 26 was repared to show the
comparative E:ogmss by generations of descendants of the cows that
had records below 425 pounds of butterfat and descendants of the
rest of the cows,

TApLE 26.—Average butterfat production, by generations, of descendants
of cows grouped according to produchion class

Com- Generation
Predue-! pari- | Dams

tion | sons
clasg ! 1st 3d 4th 5th 7th 8th

Number | Pounds | Pounda FPaunds | Poundr | Pounds Pounds | Pounds
S

2 382 | 562
358 | 660 | 662
387 ; 640 ) 635

33 [ 383 570 | 635
322 | 650 | 851 | 671
355 | 626 | 046 | 667

30| 412 | 593 | G639 | 677
289 | 630 637 | 683 €80
319 609 | 633 | 661 | 680

35| 410 | BV | 617 680 | 686G
234 | 62t 614 | 6aG | G681 GU6
269 | 594 ) 609 651 682 | 694

31| 405 | 573 | 617 | G684 | 665 | 694
167 | 60t | 585 | 635 | 679 | 707 (| 704
198 | H73 | BS83 | 6327 680 | 700 702

20| 402 ok | 6121 660 | 658 | 709 704
102 | 618 564 | GOB| 665 | 714 | 704 | 705
131 | 570 | 560 | 600 | 664 | 702 | 705} 705

3| 402 489 6526 | 649 | 6A9 | 717 711
57 | 610 542 595 | 644 | TOL 704 | 697
60| G600 ) 540 | 592 | 644 | 699 705 | 698

3| 387! 517 | 583 ( 648 | 637 | 688 | 670
20} o628 543} 513 605} 605 | 0603 | GB4
23| 597 539} H22 | 611 | 687 | 692 | GB2

' A=Cows that produced less than 425 pounds of butterfat.
B=Cows that produced more than 425 pounds of butterfat.
C=Al cows.
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The large increases made by daughters of the low-producing cows
in most, groups place themn close to the level of the daughters of the
other cows, Usually in two generations the progeny of low-produc-
ing cows are about equal in ability to those of the rest of the group,
and from then on there is little to choose between descendants of
either group of cows.

These changes in the differences between descendants of cows arbi-
trarily grouped according to their levels of production are more
easily grasped when studied graphically, and Hgures 4 and 5 were

LEVEL, OF FAT {Pounds}
SELECTION (lb.) | ﬁ . 4
= o w2 ] 700 - 71 T
3 o——|—~0 i B 5&_——0—”"" .
/ A
415 & over
< — 359 Cows %2 — 600
500
400
Under 425 | 382 -
800
. 73 — (S —
650 & over \(i3 L
= /| — 700 /{ g 69 —
- 193 cows_ - 161 cows ————L & _ |
'Y T 4/658
L / — 600 /m -~
544
- lém s B " s:s \194 cows h
— — 500 - ~
Under 650 < L - - —
- — 400 + .
= — — 4
~SEeeeod e 300 =
Ist 2d st 2d 3d
GENERATION

Ficurg 4.—Effect on succeeding geperations of selecting original dams at two
levels of butterfat production.
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LEVEL OF FAT (ib.}
SELECTION (lb.}

| 70 i
- "‘m—| 700

425 & ovsr< L 600

.
Under 425 <
m‘n—‘l‘v—""‘\_ﬁ‘-

650 & over

Under 650 <

\ Mo N ™y Mﬂ-"t—m_‘_J

Ist 2d 3d 4th 5th 6th  7th
GENERATION

Fievre 5.—Effect on succeeding generations of gelecting original dams at two
levels of butterfat production.

Eregared for this purpose. These %ra hs indicate the progress made
y descendants of cows with records below 425 pounds of butterfat
as compared to those of all other cows, and additional information
is supplied by including a breakdown of the descendants of cows that
produced more and less than 650 pounds of fat. In the latter com-
parison, all differences in the levels of descendants have been elimi-
nated in two generations.
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Results by Generations When Only Production
Proved Sires Were Used

The foregoing analysis includes data on all females in the Belts-
villo herd thut were part of the breeding research program. The
major project was planned to defermine the results of the continuous
use of unrelated proved sires. The complete study, as previously ex-
plained, includes some inbreds, some linebreds, and a few daughters
of young bulls. By excluding all animals except those with straight
descent from the production-proved sires, it is possible to showbby
generations the results of uninterrupted use of such sires.

Records were completed by 21 cows in the last 8 generations while
the main body of the analysis was being prepared. They wers avail-
able for this porlion of the stndy and have been included in the
averages {table 27). The addition of 8 animals to the sixth genera-
tion, 12 to the seventh, and 6 to the eighth did not materially alter
the resuits,

Probabilities

The best measure of progress in developing producing ability in a
dairy herd is the increase in production as the sequence of genera-
tions in the herd increases. Assuming a constant environment, it
can be said that in & random-bred herd, where females and males are
approximately average for the breed in transmitting ability, the
number of increnses and decreases would be about the same.

In a breeding experiment of this kind where production-proved
sives ave used, some measure of the success of the operation might be
indicated Ly the extent to which increases exceed decreases. With
this in mind, a tally was made of the increases of all project cows
over all their femals ancestors.

The total possibilities of measuring differences between individual
cows and their female ancestors numbered 5470. Of this number,
3,591 showed increases, and this was 65.7 percent of the total.

There is much repetition in this number 5,470, and for this reason
another tabulation was tried where a comparison was made of the
individaals in each generation with their array of female ancestors.
This resulted in a total of 1,789 comparisons, of which 1,184, or 68,1
percent, showed increases. A generation breakdown of these figures
1s piven in table 28,

The data alveady discussed, which show the effect of female selec-
tion on production, are also of interest in studying the cffect of the
level of production on the proportion of increases and decreases in
vavious lines of descent. The descendants of cows that produced less
than 425 pounds of butterfat were separated from those of all cows,
and the proportion of increases compared with that of the whole
population, but the determinations were limited to only the female
ancestors of the individuals in each generation. The results of this
breakdown are shown in table 29.




Gs

TaBLE 27 —Average butterfat ;_brocl’twtion as affected by continuous and by interrupted sequence of proved sires, by generation

Continuous sequence of proved sires | Interrupted sequence of proved sires Total

Generation i ‘
As originally With additions ! As originally With additions t As originally With additions !
analyzed tnalyzed analyzed

1 Includes records completed by cows while the original analysis was being made.
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TasLe 28.—Inerease tn average butlerfat yields by the members of sach
generation as compared with all their female ancestors

Generation Compari- Incrense
sons

Niember Number Pereent
35 13 R¥§

18 e e e o .

b L TP 72 41 56. 9
B e e 153 ) 96 02. 7
AR e e mme e 284 204 71. 8
SR, e ctdm e cciram——- 330 241 73.0
Bih et 425 286 87.3
b e Ambmm o e mmmma— 258 170 65. 9
Bbh o e emmemmm oo 182 133 73. 1

Total or BVErBEe . o armmm 1, 739 1, 184 68,1

TasLe 20.—Inerease in average bulterfat yields by the descendants of
cows thal produced less than 425 pounds of fat as eompared with ail
their female ancestors, by generation

Ueneration | Compari- Increase
sons
Number Number Percent
I8b e mmmmmmmmmmm o 5 5 100. &
2 e mtmcmm— A e 14 13 82,9
B £ (U USRIV 18 15 83.3
1 SR 48 39 B1. 3
Stho o ____ e m e m i mmm e m e 70 52 74. 3
Btho ... e m e cmmmmmmmeim——— 95 60 72.6
TR e 21 i3 6l 9
Bth .. e ammmma- 24 16 66. 7
Total e ——— 295 222 5.3

The data in table 30 are self-explanatory. The last two lines show
that all daughters of dams that zaade less than 495 pounds of fat
were plus danghters. This was the level at which the final basis for
theoretical selection was set, as previously reported.

A measure of progress in breeding dairy cattle might be expressed
in the amount by whick the increase of daughters of the lower pro-
ducing cows exceeds the decrease of daughters of higher producing
COTWS.
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Tanue 30 —Daughters in each generation that were beiter and that were poorer producers than their dams, grouped according
to production level of their dams

Generation

5th

All dams;:
All daughters .
Daughters better than dams
Daughters poorer than dams
Dams produced 650 pounds or more:
All daughters
Daughters better than dams___._.percent..
Daughters poorer than dams
Dams produced less than 650 pounds:
All daughters number.__
Daughters better than dams percent...
Daughters poorer than dams
Dams produced less than 425 pounds:
All daughters
Daughters better than dams_____percent. .

2]
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C COOC QOOUL O
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Production Performance of Daughters of
Individual Sires

This is a study of a breeding project that was designed to deter-
mine the elffect on butterfat pro?luction brought about by the con-
tinuous use of production-proved Holstein sires. The basis for se-
lecting these sives was set forth in the operation of the project, and
the following presentation is a report of the performance of the
project-bred daughters of the individual sires. “The daughters are

grouped according to their dams and also by the generation in which
they appeared.

Denton Colantha Sir Rag Apple 87426 (Sire No. 1)

This bull sived 33 of the 35 members of the first generation. Anal-

ysis of his daughters’ butterfat production and that of their dams
is as follows:

Average Daughtcrs
production produced—
Com-
Group pari-
sons | Daugh- More Less
ters Dams than than

dams dams

Nurmber Poitnda Pounds Number Numher
All outbred daughters.______._. 33 230 874 13
Abnormal daughter..______ 1 202 701 0 1
Normal daughters_________ 32 541 a7l 13 19

Daughters from—
3 highest producing founda-

tion cows. ... _____.____ 11 508 711 1 10
14 other foundation cows___ 23 511 506 12 10

The unweighted average of 17 foundation cows was 542 pounds
of fat.

The breakdown shown in the above table is presented to afford
some explanation of the overall performance of this sire. With the
abnormal daunghter omitted, the remaining 32 average 1 pound less
than the unweighted foundation group. When this daughter is not

included, one-third of the difference hetween dams and daughters
disappears.

Varsity Derby Matador 234809 (Sire No. 2)

Derby sired 2 first-generation daughters when bred to foundation
cows, but his remaining 33 daughters were from danghters of Sire
No. 1, and made up the bulk of the second generation,
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Comparison of the butterfat production of his daughters with their
dams is #s follows:

Average Daughters
production produced-—
Com-
Group pari-
gsons | Daugh- More Less

tera Dams than than
dams dams

Number Pounds Pounds Number Number

1st-generation daughfers. . _____ 2 612 649 a 2
2d-generation daughters._______ 31 564 521 21 10
Al outbred daughtera____ 33 566 528 21 12

Iobred daughters (3d genera-
EA T3] ) 5 447 526 2 3

Pride of the Bess Burkes 294574 (Sire No. 3)

Pride had a Iimited term of service due to his unthnely death. He
sired only nine daughters, and two of these were definitely abnormal,
as they showed response to hormonal treatment during subsequent
Jactation perieds. One of the abnormal daughters had only male
offspring, but the other had two daughters that showed no signs of
having inherited their dam'’s deficiensy. The dams of all his daugh-
ters were sired by No. 2.

The following tabulation shows the two groups separately:

Average Daughters
production produced—
Com-
Group pari-
sops | Daugh- More Less
ters Dams than than

dams dams

Normal drughters {3d genera- | Number Pounds Pountds Number | Number

L3727 1 SN 7 595 536 5 2

Abnorma! daughters (3d genera-
LY o T 2 289 730 Y 2
All daughters___________ 9 527 596 5 4

Count Piebe Hengerveld Ormsby 444324 (Sire No. 4)

Count was jn service only & short time and died because of a for-
eign body. Me sired only five daughters, four of which were mem-
bers of the third generation and the other was a member of the
fourth.
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Average Daughters
production produeed—
Com-
Group pari-
sons | Daugh- More Tess
ters Damsy Lhan thun
damsy dums
Daughlors whose dams  were
by— Nuwmber Founds Pornds Number Numher
Sire No. 2 E‘&d goneration) . 1 628 600 1 :
Sire No. 3 (4th generation) - 1 619 511 1 Q
All duughtera__________. & 632 582 2 3

Chief Piebe Ormsby Burke 444088 (Sire No. 5)

Chief was in active service at Beltsville for more than 5 years,
and a comparison of his various daughter groups with their dams is
shown.

Average Daughters
production produced—
Com-
Group pari-

sons | Daugh- More Less

ters Dams than than

dnms dams

Qutbred dnughters—

Whose dams were by— Number Poundy Pounds Niwber Number
Sire No. 2. _________ 19 657 586 15 4
Bire No. 3. e 13 723 565 11 2
Sire No. 4. ... . L4 41 649 7 7
Sire O05_____________ I\ 713 632 4 2

All outbred daugh-
ters______________ 52 676 G603 37 15
In 3d generation_ o . ____ 16 630 577 12 4
In «ith generation .. .. ._. 3L 605 612 23 8
In 5th generation ... ____ a 641 630 2 3
Inbred daughters—

In dth generation ... 3 588 601 0 3
In 5th generstion________._ 2 627 G15 1 1
In 6th generation . _______ L 534 5062 G 1
All inbred daughters . ___ ] 502 G45 1 5

DPouglas Buttercup Hark 660575 (Sire No. 6)

Douglas also had a long enough period of service to establish his
worth in the Beltsville herd. He sired daughters in the 4th, 5th,
6thr, and Tth generations, and comparisons of the butterfat produe-
tion of his daughters with that of their dams is indicated.
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Averape Daughters
production produced—
Com-
Group pari-
eons | Daugh- More Less
ters Dams than than
dums dams
Cutbred daughiers—
Whose dams were b)'-- Number Pounds Pouwmds Number Number
Bireg No, 6. _______. 30 710 G684 24
Sire 005 __._______ b 740 816 0 5
King o __._ 2 693 593 2 0
All ouibred daugh-
17 11 ¢ H R, 46 713 695 26 20
Tubred dunghlers o Lo L. . 2 671 793 o 2
Dnughlers in—
dth generabion_ __________ 14 713 716 3 G
Bth genersblon. . ___.______ 24 718 697 15 11
Gtlr generation_ o _________ 7 608 690 2 5
Tih generation. oo ____ 1 799 636 1 ]

Rose Hill Emperor Governor 743892 (Sire No. 7)

Governor was the Iast of the series of production-proved sires
brought to Beltsville for this project. Subsequently the program
was carried forward by the use of semen from artificial breeding
stud bulls. He sired danghters in five generations, from the fourth
to the eighth, inclusive. Becauwse of luck of space, his five inbred
dnugI}thS were moved from the herd before they made production
records.

Average Duughters
produciion produged—
Com-
Group pari-
rons | Daugh- More Less
ters Dams than than
dams dams
Qutbred danghters—
Whose dams were by— Number Pounds Pounds Number Nunber
Sire No. B 48 708 715 20 2
Sire No. 5oL _- 12 695 806 5 7
Sire 905__ ... 7 687 870 4 3
All outbred daugh-
bers o o __L.__ 67 704 708 29 38
In 4th gencration._____.___ 3 621 650 0 3
In Sth generation _________ 25 493 703 10 15
In Gth generation________ 28 712 726 12 16
In 7ith generation..________ g Ti7 450 6 3
In Bth generation_.____..__ 2 787 759 1 1
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Sir Gerben Colantha Rube 514310 (Beltsville Herd No. 379)

This bull was a son of Sire No, 2 from a daughter of Sire No. 1.
He was bred to daughters of Sire No. 1 to produce a linebred group
to compare with the outbreds sired by Sire No. 2. His daughters in
turn were bred to Sire 905, and this bull was later brought into the
proved sire project, so it was necessary to include those daughters of
Sire 379 whose progeny became part of the experiment. This in-
cluded two inbred daughters of Sire 379.

The first five daughters are in the second generation, and the other
two ure membors of the third generation,

Average Daughters
production produced—
Com-
Group pari-
sons | Daugh- More Lesa
ters Dams than than

dams dams

Linebred daughters from dams | Number | Pounds | FPounds | Number | Number
by Sire No. 1o .. . __.. 5 500 491 4

Inbred daughters from dam by
Sire 370, meeaas 2 628 314 2 0
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Pride Ormsby Gerben Colantha Ona 6035883 (Belisville Herd No.
905)

This hull was a son of Sire No. 3 from a duughter of Sire No. 2,
and was used first to produce a linebred group from daughters of
Sire No. 2 to compare with the outbreds. After an outbreak of TB
had dopleted the herd in 1935 and 1936 some of his daughters were
used to build up the project, as he was by that time a proved sire.
King Ormsby of Yodak wns introduced into the herd to follow Sire
No. 5, but e died snddenly, and in order to keep the project moving
until a suitable replacement could be found, Sire 905 then had a
short peviod of service on the proved sive project. He was available
for use for a long time and was mated to daughters of a number
ot bulls.

By way of explanation of the levels in the fourth generation
group, four of these were from inbred dams and they averaged 556
pounds, their dams 490. In the remaining 10 pairs, the daughters
averaged 667 and the dams 624 pounds.

Average Daughters
preduction produced-——

Ciroup
Daugh- More Less

ters Dams than than
dams dams

Daughters whose dams were

by—

3 Nicraber Founds Poyils Number Number

Sire No. 11 G52 513
668 491
736 715
610 537
6583 6560
619 603

All dnughters from dams
by other sires 6a7 572

Inbred daughters from dams by
Bire 905 704
Daughters in—
3d generation 230

1th gencration 586

5th generation 756

6th gencration 693
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Lauxmont Rag Apple Autocrat 741318 (Code H-3)

This was the first bull in artificial breeding used long enough to
have # sizable get. Fle was in service in the First Pennsylvania
ABA at Lewisburg, Pa. His 22 deughters in the Beltsville herd
averaged T30 pounds of butterfat, but only 19 of these were from
dams with records.

Two daughters in the eighth generation whose dams had no pro-
duction records made 879 and 651 pounds, which brings the average
of eight daughters in the eighth generation up to 714 pounds of fat.
‘The other daughter from an untested dam was in the sixth genera-
tion, and her record of 750 pounds did not change the average for
that group.

Average Daughters
production produced—
Com-
Sroup pari-
sona | Daugh- More Less
ters Dnms than than

dams dams

Duughters whose dnms were

Number, Pounds Pounds Numnber Number

Sire Ne, 7o oo oeem oo 17 715 G77 11 G
Sire No. 6o oo 1 004 90k 1 0
Sire 2152 . __ 1 731 0642 1 0

All daughters___________ 19 726 687 13 G

Daughtiers in—
Gth generntion_ oo ______
Tth generntion_ . __________
Sth generntion L. ..

E=r i
-1
g
=]
(=]
oo
=

[ =RF Rl

o

697 710
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S J C Valley Emperor Star 857269 (Code H-24)

This bull was in service in the Southeastern Pennsylvania ABA,
and he sired 2 total of 31 daughters in the Beltsville herd. Records
of 28 were availuble when this study was made.

Average Daughters
production preduced--—
Com-
Group pari-

sons | Daugh- More Less

ters Dams than than

dams dams

Duughters whose dams were

by— Number Founds Pounds Number Number
Sire No, Tuoacao oo 20 672 687 8 12
Sire No. 6 __________ 4 462 748 ¢ 4
JOrrY o o camaam 1 795 £86 i 0
Code 511 __ . .- 1 752 718 1 ]
Code 802 _____________ 1 616 739 0 1
Sire 2077 oo e s 1 762 686 1 0
All daughters___________ 28 G78 699 11 17

Daughters in—

6th gencration____________ 14 650 696 3 11
7th generation_ _________.. 8 675 6493 4 4
8th generation_ __._ .. _.___ 6 733 712 4 2

Knollwood Alcarira Chieftain 847579 (Code 802)

The New York Artificial Breeders’ Cooperative was the owner
of this sire. His 14 daughters in the Beltsville herd averaged 730
pounds of butterfat. This analysis dealt with only the 12 that had
completed records when the data were assembled, and they were
members of the sixth, seventh, and eighth generation groups.

Average Daughters
production produced—
Com-
Group pari-
Fons | Daugh- More Lesa
ters Dams than than
dams dams
Daughters whose dams were
by— Number Pounds Pounds Number Number
Sire No. Toomoa e 10 719 761 4 6
Sire No, 6. oo oo~ 1 801 790 1 ¢
Code H-3.______________.. 1 703 645 1 0
Ail danghters_ __________ 12 724 754 6 6
Daughters in—
6th generation_ - __________ 6 754 769 4 2
7th generation_ _______._.. 4 690 754 1 3
Sth generation - oo 2 T4 709 1 1
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No detailed report is included on those sires that had only a few
daughters each in this study, as the limited information on these
bulls would not be sufficlently informative to be of any help.

Table 81 is included to show the distribution of the gets of all
sires throughout the eight gencrations.

'TAnLE 31— Number of daughters of each sire und the generations in
which they appeared

Cleneration
Sirae

st 2d ad 4th ath Gth Tth 8ih

7 7 8
14 8 6
Code 802 . ______ o {e__ [V 6 4 2
Jerey o o e e e e 1 1 ...
Codde H-8_ e feeome e 2 2 2
) W7 RN UUV FEVRPURUN VRPN ANV VSV MUV ) NN PR
LY PR ISR FURRORNY IFUROIUI VRN AT b P ST
Code 503 e e | O I,
Code 81V b ) N I
Code 15104 . e oo e 3
Code 810 | oot e 1
Code M35 oo 1

Summary

Breeding investigations with dairy cattle were inaugurated in
1917 as part of the research program of the U.S. Department of
Agriculture. The objective of this experimental work was tc pro-
vide breeders and dairy farmers with a more complete understanding
of the laws of heredity as they apply to the breeding of dairy cattle
for economical and profitable pro«'})uction of milk and butterfat.

The principal research study with Holstein-Friesian cattle called
for the continuous use of unrelated production-proved sires to de-
velop a strain that would steadily improve in its inheritance for =
high level of milk and batterfat production. In addition, linebred
groups were to be bred from the stock so that both the outbred and
the linebred groups would start from the same basis of heritage.
Another procedure followed in a limited way was to breed the first
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daughtere £ proved bulls to their own sires. This inbreeding was
carried out s a means of providing = closer check on the genetic
makeup of the sires and possibly unmasking hidden recessives.

The study was originally designed to be operated on a single-sire-
per-gencration basis. In the early years it was possible to meet this
requirement fairly well. However, the loss of certain bulls before
they had met the expected requirements in number of progeny neces-
sitnted deviations from this part of the design. Alse, about, the time
the seventh purchased proved sire had danghters of breeding age,
the rapid growth of artificial breeding had developed a highly com-
petitive situation in the proved bull market. Therefore, the study
was continued from this point on by utilizing the service of selected
sires available in cooperating bull studs of Pennsylvania and New
York. Certain emergencies during the 35 years of the study necessi-
tated the occasional use of Beltsville-bred bulls, The progeny of
these bulls became part of the project when they had daughters sired
by other proved bulls.

No culling or selection of females was practiced after the founda-
tion herd was established. The only selection practiced was in the
choice of bulls, All female progeny of the various sires were raised
and developed without regard to appearance or producing ability
of themselves or their dams.

LEvery cffort was mada to provide conditions of environment and
manngement. that could be made continuously uniform. The cows
were kept in box stalls. A modified Savage feeding standard was
used to determine the nutritive requirements based on weight and
production at the beginning of each month. No pasture was pro-
vided. Txercise was permitted in a dry lot. All cows were encour-
aged to ent hay and silage by offering them slightly more than they
would consume, and the grain ration was apportioned to make up
the rost of the nutrients required for maintenance and production.

Production records were made under the supervision of the Uni-
versity of Maryland and in accordance with the rules of the Holstein.
Friesian Associntion of Americn. The cows were milked three times
a day for 863-day records until Inte in 1951. Adter that the proce-
dure provided for two milkings for 305 days. All the date in this
study are based on mature-cquivalent best records made on two mitk-
ings daily for 305 days or adjnsted to thut basis.

The foundation herd of 34 females was made complete by supple-
menting the small group of animals already at Beltsville with the
purchase of 22 cows in 3 lots during the spring of 1918 from Minne-
sota, Ohto. and New York., Only half {17} of these assembled fe-
males produced danghters for the project. This half of the founda-
tion herd averaged 542 pounds of fat. They ranged from 765 to
377 pounds.

In all, 26 sires were used. Tight were purchased as proved sires,
10 were proved sires used in cooperation with artificial breeding
studs, and 8 were sires bred from the Beltsville herd.

The average butterfat production for the eight generations of data
available for analvsis was 535 pounds for the first generation; 555
for the second; 6068 for the third; 678 for the fourth; 696 for the
fifth; and 698, 705, and 720 for the sixth, seventh, and eighth, re-
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spectively. A 154-pound increase was shown for the fivst five genera-
tions and 2t pounds from the fifth generation to the eighth.  Some
increase in variability oceurred up to the third generation and then,
after a quick drop, a gradual decline ensued. En analysis was also
made excluding nlll animals except those with straight descent from
the production-proved sires. The results from this additional anal-
ysis were very similar {o the results for the entire herd. In general,
the cows of any given level of production had better producing
daughters as the generalions advanced.

A study of the relation of individual merit to transmitting ability
was earvied out by grouping the project animals according to the
levels of their own performance. Only 15 percent of the daughters
nppeared in the same butterfat production class as their dams, This
indicates the wide range of 1)1‘0(1ucti0n for daughters of cows having
similar production, This range is further itlustrated by the fact that
193 daughters of cows that produced over 650 pounds of butterfat
ranged in production from 200 to 900 pounds with an average of 693
pounds, "The 194 daughters of cows that produced less than 650
pounds ranged from 200 to 900 pounds, with an average of 617

ounds,

P The conduct of this breeding experiment enlively without cullin
daughters of any cow regardless of the dam’s production made It
possible to estimate what the results would have been if such a policy
of selection hind been incorporated. The data were analyzed to deter-
mine {he results of discarding daughters of all cows that produced
less than 400, 410, 420, and 485 pounds of butterfat. A total of 21
cows had records of less than 425 pounds. Culling all daughters of
these cows and the consequent exclusion of their descendants removed
from the analysis 176 cows that averaged 661 pounds of butterfat,
The 215 cows that were not excluded because of culling averaged
651 pounds of fut. 'These results show the ineffectivencss of heifer
selection based on a low level of the dam’s fat production.

An analysis was made to determine the impact of selection on suc-
ceeding generations and the length of time that occurred before its
cffect: was lost. The large increases made by danghters of the low-
producing cows in most groups placed them quite close to the level
of the danghters of all other cows. Usually in two generations the
pro,, my of low-producing cows were about equal in ability to those
of the rest of the group. Thereafter there was little to choose be-
tween the descondants of either group of cows. Such results can
only be expected when good transmitting sires aro used,

There were 1,739 comparisons between project females and their
female ancestors and in 1,184 cases, or 68.1 percent, the descendant
produced more butterfat. This might be compared to the expacta-
tion 1n n herd where no improvement is being made, of approxi-
mately 50 percent of the descendants showing increases.

A measure of progress in breeding dairy cattle might be expressed
in the amount by which the increase of daughters of the lower pro-
ducing cows exceeds the decrease of danghters of higher producing
COWwS,
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