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| Beltsville Growth
Standards for

Ly Cattle'

By C. A. Matritews and M, H. FourMax, Dairy Husboandry Research Branch, Agricul-
tnral Reseurch Service

INTRODUCTION

Normal growth by daivy cattle, as measured by weight, depends on
a mixtuve of the effects of three kinds of conditions, which may be
expressed as (1) the inherent maximum capueity for growth, (2) the
plane of nutrition and environment, and (3) the weight changes as-
sociated with recurring cycles of pregnancy and lactation.

Inciuded in maximum capacity for growth are the effects of sex,
breed, inheritance from nearby ancestors, breeding pattern, aiud chance
variation between individuals. It is generally agreed that maximum
growth in weight represents a degree of fi‘ness that is undesirable
in dairy cattle and a departure from a profitable feeding program.
Consequently, good. accepted feeding practices produce a standard
rate of prowth that is somewhal less than the maximum.

When a given set of weights is used to estublish a standard for meas-
uring normal growth, it must be assumed that each of the three kinds
of conditions that may have affected the weights was normal, The
usefulness of such a standard will depend on the degree of similarity,
in respect to these conditions, between the standard and the groups
of data that are to be compured with the standard. The effect of dif-
ferences in a particular condition can be studied most effectively when
other conditiong are nearly alike. For example, the relative effects
of outbreeding, linebreeding, and inbreeding on growth and size migt:.
be measured when the conditions of feeding and environment and
pregnaney and lactation are nearly altke,

Naturally, a growth standard is more suitable for use in the herd
in which it was developed than in another herd. Its use in another
herd will depend on an accurate measure and description of the
three kinds of conditions that affect weight and rate of growth, and
on the degree of similarity between the two herds in respect to these
conditions.

Since 1918, when a breeding experiment with Foistein cattle was
begun at Beltsville, Md., the Dairy Husbandry Reseavch Branch has

* Bubmitted for publication May 14, 1054,
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collected an wnusually large volume of weight data on the herd as a
part of the experimental work. Weights ure available on nearly all
antnials from bivth to maturity and it is possible to tabulate weights
by stages of preguancy and lactation.

Becanse certain conditions have been maintained raiher constant
fromi the beginning. the Beltsville weight data are well adapted for
use as growth standards {or Holsteins, For example, the herd has
been maintained for a study of the laws ot inheritanee for millk and
butterfat production and, thevefore, an attempt has been made to use
good, practical methods of feeding and managenent and to keep
them constant throughout all the years of the experiment. This has
been accomiplished with a high degree of suceess und malkes it
possible to deseribe the conditions of feedimg and environment in-
volved.  Also, ne new females have been edded (o the herd except
descendants of the foundation cows, and no culling of female offspring
has been practiced,

This presentation of the weight duta from Tolstein cows, heifers,
and bull ealves in the Beltsville hord is paritlel to a previous study
{7) * on the weights of Jersev cattle in the Boeltsville herd. Heverd
new methods were wsed in preseiting welght data for Belisville
Jerseys in order to inerease their weellness as shorlards of nornml
growth for all Jerseys. The same mothods ave used on the Holstein
weight data. A more dotailed deseription of seme of these methods
will be found in connection with the Jersey standards. Many inter-
esting comparisons between the nommal rafes of growth for Holstein
and Jersey cattle nre pos<ible with werght data on the fweo breeds
obtuined in the same herd and analyvzed in the sune way.

SOURCES OF DATA AND CONDITIONS AFFECTING THEM

The plen of the breeding experiment with Holstein cattle at Belts-
ville, Md.. and the procedures of Feeding nmd management. has been
described in detail olsewhere by Fohmian amnd Grisves {73. Their
report also included the averawe weights of the cows and Leitfers
in the first gencration.

The degree to which the Beltsville Holsteins o representalive of
Holsteins throughout the country is indieated by the names of the
eight proved sires thal were hrought in for wse in the ontbreeding
phase of the experiment. Beeause no fomales other than descendants
of these proved sives have been added to the herd since the beginning
ot the experiment, the grealer part of the inheritance in the herd
traces to these proved sives,

The eight sires, in the order of their use, were Denton Coluntha
Sir Rag Apple 87436, Varsity Derby Matador 231508, Pride of the
Bess Burkes 294574, Connt iehe Bengerveld Ormsby 914324, Chiel
Piebe Ormshy Burke 441ims, King Orshy of Todak 576357, Douglas
Butterenp Hark 660575, and Rose il Emperor Governor 7635842,
The first 2 sives had move than 30 daughiers each. The third, fourth,
and sixth sives had but 9, 5, snd 3 davghters, vespectively, The fifth,
seventh, and eighth sives hnd more thap 13 daagghters eaeh,  Ifow-

Ftalic nmnhers in parentheses rofor (o Literature Cioed, p. 56,
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ever, the danghters of the eighth sire, and to some extent the da tghters
of the seventh sire. had an influence on the average weights for
the younger groups only.

Weights were also obtained on many duaughters of sons of these
sires thet were Dorn and raised in the Beltsville herd. Naturally, the
sons of 'he earlier outeross sires had move oftspring represented in
these weights than the sons of the later outeross sives,

In 6 generations and 30 vears time. the inheritance coming from
the foundation cows has been considerably diluted, so the weights
of foundation cows wore not used i preparing the wetght standards
reported in this bulletin.  Nevertheless, about 85 perecent of the in-
fluence from the foundation cows came in nearly equal proportions
from the daughiers or granddaughters of such sives s Piche Laura
Ollie Iomestend King 11047+ King Segis Pontiae Hero T8210, Star
Farm Johanna Tad 45224, Johan Wooderest Lad 1ith 103987, and in
smaller proportions fron danghters of Johanm Korndyke De Kol
43577 and IHazelwood Komdvke Gerben 9so6.

Except for losses enused Dy disense or accident, all cemale progeny
were ratsed and retained in the herd until rthey were no longer useful
in producing data or otfspring for the hreeding experinent,

Calves were separated from their dams ~hortly after birth and
were fed whole milk at the rate of 6 ro 10 pounds daily to 4 weeles
of age and then =kim milk in quantities up to 12 potinds datly until
they were 6 monthis ol Animals lacking vigor ov that were retarded
by sickness were given whole wilk a litile longer.  Calves and heifers
were given all the alfalfa or mixed hay they would cat. Grain feed-
Ing was increased grndualiy until the calves wore getting 3 pounds
of grain daily at 6 months of age or later. From then on the aont
fed was maintained at that level for most heifers to 2 months of
age,

Adfter the heifers were a vear olil they were moved from (he el
barn to a heifer Larn, silage or pasture in season was added to
the rafion. At times hay was fud in pens and some of the Tess aggros-
sive heifers may have suffered from competition with alder or larger
animais, The heifers. and their welglits, were kept under eonstnnt
observaltion and mensures were taken to correet cotditions far heifers
that appeared to be retarded.

The greatest differcnce in the feeding and management of the cows
was between those on oflicial production test and (hose not on test.
Cows on fest were kept in hox stalls, milked thyee tines iy, exereised
ina dry lof daily, and never allowed on pasture. They were enconr-
aged to eat all the adfalfa hay and corn silage they would. “Then they
were fed enough of n 13.35-pereent-pratein grin misture to bring their
net energy Intake up to 10 pereeni ahove their requirenients.

Cows not on oflicial test were milled (wice n day, housed in stanehion
barns, and turned on pasture in season. A= a rule they were not fod
as liberally as cows on test. and occaxionally they were used in feeding
experiments that resulted in some loss of wolght.

Calves were weighed at hirih and every 1t days thevenfter during
their first year. Ivery 30 days an avermre wis obtained from 3
consecutive daily weights, centering on the date for the third 10-day
weighing.  After they were a yeur old, all cows and heifers were
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weighed on 3 consecutive days at the beginning of each ealendar menth.
All'animals had access to water before they were weighed. Calvesand
cows on test were weighed after they were fed, but heifers and other
cows were weighed before they were fed.

No body measurements were tuken to accompany these weights,
but detailed measurements that were made in connection with other
studies are available at some ages on nearly all of these cows and
heifers.

It was the plan to breed heifers to calve for the first time at about
2 years of age, and to breed them thereafter for a calving interval
of 14 months following a lactution on test, and for a ealving intervai ot
12 months following other lactations. Hstimates of the extent to
which this plan was accomplished will be given.

In order to veduce the number of factors causing variation between
individuals, the weights of twins or inbred animals were not used in
prepating these standards. Such a limitation makes it possible at
some later date to make a direct comparison between the weights and
rates of growth of inbred animals and those of outcross or linebred
unimals.

A further limitation on the dafa to be used was the vequirement that
the average weights for all ages. in the period of months or years for
which the vate of growth was studied, be hused on the weights from
the same animals,  Thus, the change v average weight from one age
to the next was the actual nverage gain or loss in weight, and it was
not affected by dropping the weights of light or heavy individuals
from the set of data between one nge and the next.

Since there were fewer animals to be weighed at older ages than
at younger ages, the adoption of this requirement made it necessary
to divide the data into a nomber of groups based on the length of Eime
the animals remained in the herd. These groups ave referred to as
aze-limit groups.

It occasionally happened that some weights were not obtained.
Such missing weights were estimated in owder (o avoid the cifect on
the nverage weights of dropping or adding individuals between one
age and another. WUsually, these estimated weights were an average
of the weights before and after thie omission. A few estimates thut
involved calving periods were adjusted accovding to average changes
at other calving periods in the cow’s life.

GROWTH STANDARDS FOR HOLSTEIN FEMALES BY AGE-LIMIT
GROUPS

Iros BIrRTI T0 365 Davs oF AGE

The fArst age-limit group, which comprises the period from birth
to 365 days of age, corresponds to the period of the experiment when
calves were weighed at 10-day intervals. This produces a standard
that may be useful in econnection with experiments and observations
when calves are weighed at 10-day intervals, The average nctual
weights and variations in weight, and the estimated weights and daily
rains in weight, for 400 Holstein heifer calves are shown in table 1.
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The average nctual weights of the 400 calves increased at 2 remavk-
ably even rafe from one 10-day period to the next. ‘Lhe highest gaing
in average weight were from 120 to 170 days of age, and the lowest
gains were during the first 20 or 30 days.

The 3-percent Rducial limits for the average actual weights demon-
strate the relative unimportance of slight deviations from a growth
standard or a table of average weights. Also, the fiducial limits are
used in this study as an approximate measure of how well the estimated
weights from this age-limit group or the average weights from other
groups coincided with these averuge actunl weights, Tt is not a stand-
ard statistical test of the difference between two means. Actuaily, the
average weight from another sample of the same size and variance
could be 40 percent farther from the mean than one of these 5-percent
fiducial limits and still not show a significant difference by the ¢ test.

The coefficients of variation were highest during the frst 30 days
after birth and then decreased gradually. Corresponding values for
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Jersey calves in the Beltsville herd (7) were higher than these during
the fivst 160 days of age but were slightly Jower after 240 days of age.

The average of the coefficients of variation for the eleven 30-day
periods, when the weights were averages of 3 consecutive daily weigli-
mgs, was 10.43 percent as compared with 10.55 percent for the 22 pre-
ceﬁing and following periods in which the calves were weighed on 1
day only. The reduction in variation by using averages of 3 daily
welghts appeaved to be slight.

T%le, estimated or standard weights in table 1 were calenlated by fit-
ting a fourth-degree orthogonal polynomial to the average actual
welights, as described by Snedecor (72).  This procedure gives n flexi-
ble curve with the properties of a vegression line and a possibility of
testing the success ot fitting terms of higher degree through the statis-
tical significance of reductions in the sums of squares for the differ-
ences between estimated and observed values. The F-value for the
first-, second-, third-, aund fourth-degree terms from this set of data
were 14,171.33, 0.10, 106.88, und S07.51. respectively, showing a highly
significant reduction in the sums of squares tov all ferms except the one
representing a parabola.  Alj of the estimated weights are within the
5-percent fidueial limits of the average actual weights.

The estimated daily gains in weight were caleulated directly from
the estimated weights. They show increases in the rate of guin to
about 150 days of age.  For a period of 60 days at this time, these Hol-
stein heifers were gaining more than 2 pounds & day. A similar
amount of gain is nlso shown by differences 1n the avérage weights,
The age for most rapid gaing in weight for Jersey ealves shown in
previous report (7) came about 10 or 15 daye later. The skim-milk
feeding period ended ut about 180 days of nge, Since the period of
mereasingly larger daily gains in weight ended at about 150 days of
age and no abrupt decline in the daily gains in average actual welghts
came atter 180 days of nge, it does not seem likely that milk teeding had
much to do with this trend in average daily gains in weight.

A system of applying grades to the weights of individual heifer
calves wus designed for the Furposc of being able to determine the rela-
tive importance of the difference between the weight of individual
calves and the standard or estimated weight. For this purpase the
standard devintion was accepted as n measure of normal variation in
heifer weights, in the same manner that the mean or average was used
as a normal or standnrd weight. ‘There was considerable ad antage in
using smooth curves for increases in weight with age and for changes
m the standard deviation with age.  The estimated weights in table 1
furnished a smooth enrve for weight, und the ftting of fourth-degree
orthogonal polynomini to the series of standard deviations produced a
smooth curve For standard deviation, The factors adnpted from u
table by Fisher (4) were used with the estimated standard devinations
in a way that would divide a normally distributed arvay of data into
10 classes, with an equal nuniber of items in each class.

At each age the estimated weight minus the estimated standard de-
viation multiplied by 1.28153, 0.84162, 0.524-10, or 0.25335 produced the
boundary weights between grades 1 and 2, 2 and 3, 3 nnd 4, and 4 and
8, respectively. The estimated weight becume the boundary between
grades 5 and 6, and the addition of the snme products in reverse order
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produced the boundary weights between grades 6 and 7, 7 and 8, 8 and
8, and 9 and 10, respectively. There is no lower boundary to grade 1,
nor upper boundary to grade 10. The beundary weights for grades on
the weights of Holstein Leifers to 365 cays of age are shown in table 2.

The first line for weights at birth in tnble 2 is based on the average
birth weight and the standard deviation instend of the vilues obtained
from the curve-fitting procedures. This furnished a standard for
orading birth weights that is independent of older weights. All
ﬁoundary weights carry decimal fractions in order to avoid borderline
cases among individual weights when using this table.

To use the boundary weights in table 2, simply locate, on the Iine for
the heifer’s nge, the boundary weights between which her weight oc-
curs and then give her weight the grade shown at the top of the space
between these two columms. For example, 1 Holstein heifer calf
weighing 265 pounds at 100 days of age would be given the grade ot
10, which would indicate that she was in a ¢lass heavier than 90 percent
of the Beltsville Holstein heifers at that age. Another heifer weigh-
ing 640 pounds at 330 days of age would be graded 5. Although her
werght was 13.6 pounds less than the standard, and incidentally well
below the §-percent fiducial limits in table 1, it was within the bound-
aries of one of the two middle grades in table 2. Theoretically, 80
percent of the Holstein heifers weighed at this age wonld he given
grades indicating wider deviations from the standard or estimated
weight.

In actual practice, the theoretica] distribution of an equal number
of weights in each of the 10 grades is only approached. For example.
the theoretical distiibution of grades for the weights of 400 Holstein
heifers at 180 days of age would have been 40 heifer weights for each
grade from 1 to 10. Actually, the number of weights in each of the 10
grades was 46, 30, 23, 29, 44, 45, 58, 49, 48, and 33, respectively.

This_departure from a theovetical distribution of -0 observations
for each grade may have heen caused by the oceurrence, in the data on
which table 1 wus hased, of a greater number of very low weights than
wonld be expected in a normal distribution. As a vesult, there was
a high frequency for grade 1 weights, and a greater spread hetween
boundary weights pertnitted higher frequencics tor the middle grades.

1t a heifer were weighed a few days eavlier or luter than the ages
shown in table 2, it would be well to make an adjustiment in her weight
for the differencein age. T, for example, a heifer weizhed 526 pounds
at 245 days of age, the difference in days from 240 (5 days) would be
multiplied by the vorresponding estimated daily gain in table 1 (1.79
pounds) and the product (9 pounds) subtracted from her weight to
give an adjusted weight of 517 pounds at 240 days of age, This would
be graded 6.

11 the average weights of a group of ITolstein heifers were to be
compared to this standard, it wo nid be preferable to test the significance
of the differences by applying such methods as the # test or analysis of
variance to the average weights instead of using the grades. The
grades shown in table 2 were intended to be a means of estimating
the relative sizes of individual heifers. Nevertheless, the grades for
several heifers might be combined, irvespective of age, to obtuin an
early indication of the relative size of the offspring of a certain sive,

HOnLTTE A —0 2




TABLE 2—Boundary weights by 10-day periods betiween grades Jor the weights of Holstein heifers
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fo discover evidence of unsatisfactory results front a particubar feed-
mg and management prograw, or to vbserve by differences in suceessive
grades to what extent some heifers may be recovering from earlier
#ickness or retarded growth.

Froar BiRTH To 21 MoxTHS OF ACE

The weights of 372 of the Holstein heifers included in the previous
age-limit group were available for studies on normal growth in weight
from birth to 21 months of nge.  After 21 months, the avernge weights
began to he affected by the number of heifevs that were pregnant. The
average actual weights and measures of variation for the first 11
months In_tuble 3 ave the average values at corresponding 30-day
periods. The estimated welghts were ealenluted by litting a Afth-
tlegree vrthogenal pelynomial to the average wetual weights, after the
S0-day weights had been adjusted to the basiz of a ealendar month of
SUA3TE days. by adding the product of the ditference in daye multiplied
by the corresponding estimated daily gains shown in table 1,

TABLE D= rrrage aud cxfiwaled welahits aud melus, and rariafious in weight,
For 372 ftalsiein beifors by mionths feaw Livth 1o 20 anfls of wge*
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The average actual weights shown in table 3 ave a little higher than,
but do not vary more than 3 pounds above, these in table 1. The
lowest monthly gain i avernge actual weight (26 pounds) occurred
between 12 and 13 months of age. The monthly gain at this age,
like that for Jersey heifers at Beltsville (7). was ouly a little more
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than 5¢ percent of the average monthly gains during the preceding
3 months. Apparently the change from the calf barn to a herd harn
had aboué the same effect on Holstein heifer weights as it did on
Jerseys. Differences in the average weights for subsequent months
fail to show a definite period of vecovery From these conditions.

Coeflicients of variation gradually decreased with age to 15 or 16
months of age and then increased slightly with older ages and with
increases in the number of heifers preenant.  After 12 months of age,
the coefficients were lower for Holstein heifers than for Jersey heifers
at Beltsville (7).

The fifth-degrec orthogonal polynominl was used to caleulate the
estimated monthly weights of ITolslein heifers from birth to 21 months
of uge because of its greater flexibility, The F-values for the reduc-
tion In the sums of squaves by the fivst-, second-, third-, fourth-, and
fifth-degree terms were 1,630.50, 83.90, 0.00, 107.39, and 5178, respec-
tively. Altbhut the third weve highly significant.

Tn genersl, Beltsville standard or estimated weights for Holstein
heifers are higher than those reported by other investigators. Belts-
ville weights at 3, 6, 12, and 18 months of age are higher than the
Ragsdale (10) standards from 234 to 165 heifers by 11.9, 12.6, 11.3,
and 7.7 percent, respectively, and higher than the Espe ( 3 standards
from 65 to 58 heifers by 187, 11.7. 6.3, and 2.8 percent, vespectively,
They are also higher than the average weights from 80 fo 27 heifers
in the Kansas station herd (11} by 5.4, 114, 9.6, and 6.0 percent, ve-
spectively, and higher than the standard published by Iickles (2} in
1920 by 10.8, 14.6, 26.1, and 32.6 pevcent, respectively.

Also, these Beltsville standards are higher than the average weights
reported by Fohrman and Graves {5) on 36 daughters of the first

sive used in the Beltsville brecding experiment by 5.5 pereent at 90
days of age, 6.0 pereent at 180 days, 9.1 percent at 12 months of age,
ard 6.0 percent at 18 months of age.

On the other hand, these Beltsville standard weights for Holstein
heifers ave below the average weights reported by Graves and others
{6} on 91 heifers in a herd at Huntley, Mont., by 5.7, 2.7, 3.2, and 3.6
percent at 3, 6, 12, and 18 months of ange, vespectively. Also, af the
same ages they ave 18.8, 8.7, 4.0. and 2.2 percent below the average
weights reported by Stauber (73) on 10 heifers in 2 herd at Wood-
ward, Okla. Whole milk and skim-milk feeding continued to older
ages in these herds than in the Beltsville herd. At 42 and 54 months
of age, the average weiphts of 47 and 32 cows in fhe group of 91
heiters in the Huntley herd were 5.4 and 3.9 percent above the Belts.
ville standard. The average weights of 17 Leifers in a herd at Awd.
more, 8. Dak. (7}, were 102 and 0.8 percent above the Beltsville
standards a6 8 and 6 months of age, respectively, and 16.1 and 17.3
percent below them at 12 and 18 months ot uge.

Differcnces in relative rates of growth shown by Beltsviile and
other standards may be measared by culeulating the percentages of
the maximum mature weight for weights at different ages in each
standard, and applying these percentages to the maximum wei ght in
the Beltsville standard. Such a st of equivalent. weights may be
compared directly, or ginded according to the houndary weights in
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table 4. The equivalent weights from the Ragsdale (70) data at bivth
and at 8, 6, 12, and 18 months of age are 97, 208, 383, 681, and 911
pounds, respectively. Those from the Espe (3) data are 05, 194, 382,
706, and 944 pounds, respectively. Corresponding grades of 6, 4, 4, 4,
and § for the Ragsdale data and 5, 2, 4, 6, and 7 for the Fspe data
show that the Beltsville standards for Holstein heifers are relatively
higher during most of the first year of life.

The same methods show differences in the relative rates of growth
of Holstein and Jersey heifers at Beltsville. The equivalent weights
calenlated from the Jersey estimated weights at Beltsville (7] at
birth and aé 3, 6, 9, 12, and 18 months of age ave 77, 193, 390, 574, 712,
and 912 pounds, respective’y. The corresponding grades by the Hol-
stein standard are 1, 2, 4, 6, 6, and 6. The grades show the relativel v
low weights of Jersey heifers at birth and during the fivst 6 months.
For this period the relative monthly gains are higher for the Jersey
heifers, but the differences for the remaining months are small. Suc-
cessive monthly gains of 50, 49, 56, 26, 34, and 31 pounds in the average
weights of Holstein heifers from 9 to 15 months of age and corre-
sponding gains of 51, 48, 54, 28, 35, and 28 pounds in the equivalent
weights from Jersey average weights at the same ages agnin show that
the transfer of heifers from the calf barn to the same herd barn after
12 months of age affected both breeds alike.

The estimated daily gains in weight (table 8) show a continuous
decline from 6 to 16 monibs of age. Increasing daily gains theveafter
probably are the vesult of increasing numbers of pregnant heifers.
At 16 months of age, 14.5 percent of the heifers were pregnant more
than 45 days. At 18 months of age, 36.2 percent were pregnant 45 to
105 days, and 14.5 percent were pregnant more than 105 days. At 21
menths of age, 19.1 percent were pregnant 45 to 105 days, 29.8 percent
were pregnant 46 to 165 days, and 36.3 percent were pregnant more
than 165 days.

The boundary weights for assigning grades to the weights of in-
dividual Holstein heiters are shown on 2 monthly basis in table 4.
The values in table 4 ave based on the standard or estimated weights
shown in table 3 and on the vesults of fitting a fourth-degree orthogonal
pelynomial to the standard deviations in table 8. The other calcu-
atlons were the sume as those deseribed for table 2. The houndary
weights for calendar months in table 4 ave ¢lightly lower at most ages
than those for the corresponding periods in table 2 because there are
differences of a few days in age. Boundary weights at 12 months of
age are lower because curve ftting invelved the adversely affected
weighis at 13 and 14 months of age.

With a greater number of days in the age intervals in table 4 than
in table 2, 3t becomes more important to make adjustments for wei ghis
obtained at ages a few days over or nnder an exact number of months.
For example, a heifer weighing 785 pounds at 14 months and 20 days
of age might be expected to gain 11 pounds in the next 10 days {10
duys at 1.10 pounds daily}, making an adjusted weight of 796 pounds
for the age of 15 months. Then a grade of 5 would be given to the
weight of this heifer, whereas without this adjustment the grade would
have been 4.




TaBLE &.—DBoundary wcights by calendar months between grades for the weights of Holstein heifers

Age Grade 1 Grade 2 Grade 3 QGrade 4 Grade 5 Grade 6 Grade 7 Grade 8 Gruade 9 Grade 10
. yd b N N N
Months Pounds Poinds Pounds Pounds Pounds Po:nds Pounds Pounds Pounds
812 36.3 89.9 3.1 96.1 08.9 102.1 105. 8 110: 9
8L.7 86.3 80.5 92.3 94,9 97.6 100: 4 103.6 108.2

109.1 113.5 117.3 120.8 124, 4 128.2 3 138.8
147.5 153.3 158.3 162.9 167.6 172.6 A 186, 5
196. 4 203.7 210,1 215.9 221.8 228.1 : 245.7

251. 5 260. 4 : 268. 1 275.3 282.4 200.1 3 311.5
309. 4 319.9 320.1 337.5 345.9 355. 1 3 380.3
367.5 379.7 390.1 399.8 409. 5 . 5 449.1

423.9 437.6 5 460.2 4711 . 515, 5
477.4 492. 4 . & 517.3 529. 4 3 g 578.2
827.1 f 570.3 583.4 f 636, 2

572.7 . 618.9 3 3 689.3
614.4 . 663, 2 ¢ 3 731.5
652.6 . 5 703. 6 5 3 3 ¥81.2

687.8 g N 740.7 X 3 X 821.2
720,9 . 5 775.5 .
7527 773. . 808.8

783.9 3 . 4 841.8
784. 815.5 . 8 875.2
815, 847.9 . . 909. 8

847.5 881.4 5.
- 880.2 916. 1 . 903.9
. 913.1 951. 5 3 1,002.8

692,
723,

753.

.1
.1
.7
6
9
5
4
5
9
9
2
3
3
7
3
5

! Based on average instead of estima‘ted birth weights.
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From 12 10 35 MoONTHS OF AGE

There were 307 Holstein cows for which weights were available
from birth to 85 months of age. Data from 12 to 35 months of age
on this groap of cows are shown in table 5. This age-limit group
was intended to show the trends in average weight during ages that
include the period of first pregnancy and parturition for most cows.
Table 5 repeats some of the ages shown in table 3, 1n order to present
a continuous curve of data and to show the extont of the (i erences
between these age-limit groups at corresponding agoes.

TARLE B—Growth in weighl for 307 Holsicin cows from 1216 33 moniths of uge
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The average weights in carly life for the 307 Holstein cows were
slightly higher than those in tables 1 and 3. However, they were
within the 5-percent fiducial Jimits for average weights at all ages
shown in table 3, and at all but 30 and 60 days of age in table ).

Ages are expressed in terms of years and months in faFo 5, and in
several later tables, in uccordance with terms commoni ¥ nsed in refer-
ring to the ages of daivy cows. FHowever, for case in discussing the
data in these tables. age will frequently be expressed in terms of
months alone rather than in years and months.

The data in table 5 for cows on tesi are expressed as percentages of
the total number of cows in the group. It was observed $rom other
tabulations that cows in the Beltsville herd tended to carry more
weight during lactations when they were on official test and more
Tiberally fed than they did during other lactations.
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The pregnancy score is an attempt to classify in a gingle term the
variations in conditions relating to the number of cows in different
stages of pregnancy. The pregnancy scove for each age was calculated
by adding the number of cows in the group that were pregnant 106 to
165 days, to 2 times the number pregnant 166 to 225 days, to 3 times
the number pregnant more than 225 days, and dividing this som by
the total number of cows in the group. Multiplying the result by 20
produced a reasonable number of classes withonf causing these scorves
to be contused with percentages. Tabulations had shown that in-
creases in weight with these 3 stages of pregnancy were roughly in
the proportion of 1, 2. and 3. and that little change in weight was
associated with earlier stages of pregnancy. .\san example, the preg-
nancy score of 34 at 23 months of age was obtained from 63 heifers
pregnant 106 to 165 days, 70 heifers pregnant 166 to 225 days, and 105
herfers pregnant more than 225 davs.

The avernge actual weights shown in table 3. like all average weights
that have been presented us weight standards, were affected by changes
in the numbers in various stages of pregnancy and lactation and by
different levels of feeding. The estimated weights, caleulated by fit-
ting a fourth-degree orthogonal polynomial to the average actual
weights, only served to spread the effects of changes in these conditions
over a greater number of months in age. Tew individual cows
weighed at the same ages would have an exact duplication of the aver-
age stage of pregnancy or lactation vepresented by the data in this
t:ﬁ)le. For this reason no attempt was made to use these data or those
from older age-limit groups in preparing a table of bon ndary weights
Jor rssigning grades to the weights of individual cows.

The age of 23 months is the only point in table 5 at which the esti-
mated weights were outside of the #-percent fducial limits of the
average weights. The estimated weights were lower than the aver-
age weights for 3 consecutive months at this point and higher than
the average weights from 17 to 21 months and from 25 to 20 months
of age.

The effects of pregnancy and calving on the average weights at sue-
cessive ages are shown in table 6. Weight data from the 307 cows in
the 12- to 35-month age-limit group were sorted according to four
60-day stages of pragnancy. the Srst 50 days after calving, and the
first 90 days after an curly nbortion. Another grou)s consisted of the
data for cows and heifers not pregnant more than 45 days or within 90
days after calving. Most of the weights under 27 months of age in
this last group were obtained from heifers that were not pregnant or
that were pregnant less than 46 days. At older ages most. of the
weights were from cows that had been'in milk more than 90 days.

At all nges the average weiglita of cows pregnant 166 days or more
were higher than the average weights for all cows. The average
weights of cows in the first 00 days of lactation and cows and heifers
not pregnant move than 5 days were Tower than the average weights
for all cows. Avernge weights at other stages of pregnancy were
intermediate. For all stages of pregnancy and lactution, there were
fairly consistent gains with age,

305775°—54——3




Tante 6.—Bffects of pregnancy and calving on the average weighte of ol stein cows in the 35-month age-lisit group

Average
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Average
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Average
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Average
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1
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1
1
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778

1 Number

Pouriils
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047
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1,004
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1,030
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1,107
1,115
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i
m

100
70

57
63
50
22

2)
17

15
13
13
17
3t
&1
50
57

Pounds | Number

Pounds

Nwmber | Pounds

1,262
1,273
1,303
1, 307

Number | Pounds

1,056
1,073
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1,108
1117
1,185
1, 144
1,152
1, 164
1,197
1,200
1,234
1,258
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Number
307
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2061
104
152

122
95
60

46
30
28
23
10
70
131

158
168
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167
147

130
110
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£09

840
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FroM 12 To 53 MoNTHS OF AGE

The average actual weights and the estimated weights and the
reasures of variation for 233 Holstein cows from the ages of 12
to 53 months ave shown in table 7. At the ages shown in this table,
most cows were well info their second lactation and many were in
their third lactation. The estimated weights for these ages make a
continuous growth curve for the weights of young cows from ages
prior to their first pregnancies.

Tawre T—Growth Inweight for 233 Helsiein cows from 12 to 53 months of age
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For this age-limit group and each older age-limit group, there is
the question of how great are the differences at corresponding ages
between the average weights for these groups and those for younger
age-limit groups comprising & larger number of animals. The aver-
age weights for the 233 cows in this 12- to 53-rnonth age-limit group
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were nearly the same at birth and at 99, 180, and 270 days of age as
those shown in table 1, but they were higher than the average weights
from 13 to 21 months of age shown in table 3 and above the 5-percent
fiducial limits from 17 to 21 months of age. TFor a peried from 18
to 35 months of age, the average weights of these 233 cows were 6.2
pounds higher than these shown in table 5.

The monthly gains in average actual weight were lowest at 42
and 52 months of age. Decreases in the number of cows on official
test or the number in advanced pregnancy may have been responsible
to some degree. Monthiy pains in the average weight of 206 Jessey
cows in the Beltsville herd (7) were lowest at 43 and 52 months of
age alse. The Ragsdnle (10} and Espe (J) data had periods of
low monthly gains at approximately 30, 45, and 63 months of age.

The breeding cfliciency of the herd may be reflected in the preg-
nancy scores. On 2 theovetical basis of a 282-day gestation, less 14
days as the average time from the last weigh day at the first of the
month to the date of calving, ealving intervals of 12, 13, 14, 15, and 16
months weunld produce pregnancy scoves of 16.9, 15.6, 14.5, 13.6, and
127, vespectively. The average pregnaney scove for all ages in table
7 from 19 to 53 months was 15.1, which would indicate sn average
calving interval of a little over 13 months.

In general, the coeflicients of variation were somewhat higher after
41 months of age. This may have been because there were fewer
cows in any one stage of pregnancy or luctation ab the older ages.

The estimated weights ncreased at w gradually diminishing rate
throughout all ages shown in table 7. In the process of produocing a
smooth curve, the most rapid gaing were found to be between 12 and
18 months of age, instead of between 18 and 23 mionths of age as shown
by the average actual woights, Nevertheless. the average of the
estimated daily gains from 12 to 18 montlis of age is practically the
same as an average of the estimated daily guins for the same ages in
table 3. Another resalt of curve fitting on the data in table 7 is that
the estimated daily gains for several months after 2 years of age are
higher than the differences in average weights at these ages would indi-
cate. 1In general, the estimated weights trom 12 to 33 months of age
appear to be independent of ehanges in the numbers of cows in various
stages of pregnaney. but they have a degree of artificiality that impairs
their usefulness for muny purposes.

IFrom 30 To 71 Monrtits oF Ace

Data on the weight of Holstein cows, beginning at 80 months of
age, ave presented in fable 8 for the 167 Folstein cows that reached 71
months of age.  This peried covered the growth of most young cows
from some time in the first lactation to a time approaching malurity.

Most of the average actual weights in the 30- to 7l-month age-
Himit group were a little higher than those in the previous groups.
The differcnces at birth and at 90, 180, 270, and 365 days of age be-
tween these average weights and those in table 1 were not more than
2 pounds, but the weights of these cows at 15 and 18 months of age
were above the B-percent fiducial Himits for average weights shown
in tuble 3. For the period from 1S to 35 months of age, the average
weights of these 167 cows were 7.9 pounds higher than those in table
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TABLE B.—Growth in weight for 167 Holstein cows from 30 to 71 months of age
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7, and 14.1 pounds higher rhan those in table 5. I'voni 36 to 53 months
of age, these average weights weve L2 pounds higher than those in
table 7. All monthly weights, however, were within the 3-percent
fiducial limits for average weights in table 7,

The average actual weights 1n tahle § showed very little gain from
51 to 59 months of age and irregular monthly gains thereafter. The
estimated daily gains avoid these irregularvities, bat they do show o
long period of time when novmal gaing ave very small. Estimated
or normal monthly gains in weight at 3, 4, nnd 5 years of age were
13.3, 3.9, and 3.3 pounds, respectively.

Fron 30 To 89 Montus or Ace
The data in table § show ihe growth in weight of 110 Holstein

cows from shortly after the age of first ealving through the age of
maximum size.
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Tapce O—Growth in weight for 116 Holstein vows from 30 lo 89 mouths of age

. Estimated
Proz- | Cows | Averege | S-percent Sg‘r?fi' é‘:ﬂ%t standards
Aga Baney an actizn! fdueind devin- ey
SOOFD test weight timits rion tion Weight Daity
gain

Year-Alonih | Pereent 1 Ponrils Poundy Pounids | Perceat | Pounds | Pounds
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El iG 350 1,301, 42 LE2.8 . 0o 1384 -1G8
4 i7 32 E, 477-1, N4 150, 8 10,7 18805 g2
4 1 hit] 1,402 0 1,875, 410 - 6. G 1.5 1,305 Wi
4 17 0 3 16T B W I 3 1.3 W5 L3ELd 004
4 o0 o 1, 41! 1, 3841, 108 143.4 w2 1 1,306, 2 L G03
4 o0 exs 1,48k 1, 302-1, 146 123 0.4 I, 3000 .08z
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The average actual weights of the cows in the 50- to 89-month age-
limit group were below the 5-percent fiducial limits for the average
weights at 270 days of age in table 1 and ot 12 months of age in table
3, but they were slightly higher than the average weights in table 3
at 15 and 18 months of age. At most of the nges after 3¢ months, the
average weights in table 9 were below those in tables 7 and 8, but not
below the 5-percent fiducial limits, From 18 to 35, 36 to 53, and 54 to
71 months of nge, the nverage weights in table 9 were 10.1, 11.8, and
8.7 pounds, respectively, below those in table 8. From 18 to 35 and
86 to 53 months of age, the average weights in table 9 were 2.2 and 7.6
pounds below those in table %,

There was considerable irregulurity in the average actual weights
for successive ages in tuble 9. The first average weight above 1,500
pounds was at 78 months of age, and it appeared that the period of
maximum weight was passing by at 89 months of age.

The 8-percent fidueinl limits for the average actual weights in this
age-limit group cover wider ranges than those in previous groups,
largely becanse of decreases in numbers and only slightly because of
increnses in the stundard deviations. For example, the averages of
the ranges between the 5-percent fiducinl limits for weights from 30 to
35 months of age ave 25.2, 29.8, 37.5, and 43.8 pounds, respectively, for
the 35-, 58-, T1-, and 89-month age-limit groups.  The averages of the
corresponding standurd deviations ave 112.9, 114.5, 122.6, and 127.2
pounds.

The relative number of wnimals available for each age-limit group
was affected by the policy of removing cows from the herd as soon
as they were no longer needed for experimental data. Qut of 400
heifers at 12 months of age, only 76.8, 53.3, 41.8, and 27.5 percent were
available Tor weighing at 35, 53, 71, und 89 months of age, respectively.
However, these values nre higher than corresponding values for Jersey
cows at Beltsville (7), much higher than similar values in the Rags-
dale (Z0) data, and definitely lower than similar values for 89 months
of age reported by Iispe (3).

In comparison with other standards, these 110 cows had an average
weight of 1,500.4 pounds for ages from 81 fo 87 months. At corre-
sponding ages, the 19 to 21 Halstein cows in Espe’s report () had an
average maximum weight of 1416 pounds, and the 25 to 30 cows in
Ragsdale's veport (#7) had an avernge maximum weight of 1401
pounds. Morean and Davis (8) reported an average weight of 1,509
pounds, for periods covering 9 months before and 3 months after
parturition, for the eighth or later hetutions.

A comparison of the rutes at which flolstein and Jersey females
approach mafurity under like conditions in the same herd was made
from these data, nnd from data on the normal growth of Jersey cows
at the Beltsville station (7). With maximum estimated weights of
1,091.8 pounds at 86 months of nge for Jersey cows and 1,610.4 pounds
at thie sune age for Holstein cows, the percentages of these maximum
weights attnined by Jersey and Holstein females, respeciively, were
4714 and 46.38 pereent at 12 months of age, 60.37 and 60.24 percent
at 18 months, 80.5¢ and 78.99 percent at 30 months, and 92.22 and 91.76
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percent at 48 months. These percentages show little reason for plan-
ning to breed Holstein heifers at a later age than Jersey heifers. The
percentages of the maximum weighis attained by J. evsey heifers at 12,
15, 18, and 30 months of age were veached by Holstein heifers about
7, 6, 2, and 74 days later.

The rates of gain in weight as shown by the estimated daily gains
in table § decreased gradually to 55 months of age, increased again to
73 months of age, and then deereased to Josses in weight at 87 months
of age. An admost identical trend vas shown in a sim)lur table in
the report on the weighis of Jersey cows ar Beltsville (7). It might
be suspected that conditions of hewd nuanagenient or the method of cal-
endating the smooth curve of estimuated weights was responsible to
~ome extent for such apparent trends. Howover, the average monthly
gains in the average actunl weights for T-manth periods centeving nf
43, £1.65, 73, and 87 months of age were 15.9, A6, —~0.9, 47, and —1.6
pounds, respectively, These values show that something more than
the methods of calculating the smoath eurve of estimated weights
was responsible for the Jow vates of gain at 53 months of age. At this
age, when estimated gains in weight werp low, the relative numbers
of cows on test were decreasing and the Pregnaney scores were passing
a temporary peak and beginning to decline,

Trregudar trends in the rafes of growth ave shown also in the data
reported by Expe (2) and Ragsdale (107}, even in the avernge gains for
-month pertods.  The data from beth sonrees showed low manthiy
mains in weight for 7-month periods centering at 30 and 42 months
of age and Tosses i weight for periods centering at 63, 72, and 8T
months of age. Relatively high mains for cows over 5 yvears old were
found for T-month periods centering at 78 months of age,

FroM 48 1o 107 MonTis oF Ack

Data that were available on 55 Tiolstein cows from birth to 107
months of age made it possible to study the changes in weight at ad-
vanced ages. The dafa from 48 to 107 months of age on these cows
are shown in table 14,

The average actual weights in early life of the cows in the 48- to
L07-month age-Jimit ziroup wore mueh like those in the 30- fo 89-month
age-limit group. They were slightly below (he 3-pereent fiducial
limits in table 1 for average weights at 270 and 365 days of age,
but they were 5 pounds above the average weighls at 18 months of
age in tabie 5. The avernge weights of these cows from 18 to 35,
36 to 53, 54 to T1, aud T2 to 89 months of age were b4, 225, 187,
and 2.0 pounds lower, respectively, than those shown in table 9. The
average weights from 47 to 53 months of age were below the 5-percent
fiducial limits shown in fable 9, and the ave nge weights at these ages,
some average weights at eurlior ages, and th average weights from
57 to 65 months of age were helow the d-percent fiducial limits in table
8. Nince there was less difference bofwoen these age-limit proups at
older ages, it is possible hat the dilference ut these eurlier ages was
targely due te different procedures in feeding winl management,

[
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WABrE 10.—Grawlh in weight for 56 Holstcin cows fram 58 to 107 monihs of uge
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The coeflicients of variation increased considerably after 83 months
of age. The standard deviations continued to increase while there
was n gradual decrease i the average weights.

In this age-limit group, the highest estimated weights occurved
at 88 months of age. The highest 7 consecucive average actual wei glhts
were from 79 fo 85 months of age, but most of the average weighits
continued at 1,500 pounds or move until after 96 months of age.
Both the estimated weights and the average actual weights continued
to deeline during all or nearly all of the remaining ages in this 147-
moenth age-lhmit group.

For 124- axp 142-Menstu Ace-Liaur Grours

The data for older TTolstein cows were condensed and combined
in table 11 for the purpose of studying the weight changes at more
advanced nges. The duta for average nctual weight, pregnancy score,
and relative number of cows on test are verages of the values for
3 consecutive months centering on the age in months indicated. The
estimated weights were calenfated by wonths in the same manner as
those for other nge-limit groups. but enly the values for the specified
mionths are shown in table 1. The estimated dmily eains in weight
are for the jonths indicated instead of an average for a 3-month
interval. Jeasyres of variution ave not preseuted in this eable.

The cows in the 124-month age-limit aroup were definitely lighter
than those in previous age-lhnit groups from shortly after birth.
Their average actual weights were below the 3-percent fiducial limits
in table 1 for average weights at 9¢, 180, and 865 days of age, nnd below
those in table 3 for average weights nt 18 months of age. At other nges
their weights were below the 5-percent fiducial Iimits for averayge
weights shown in table 9.

The cows in the 142-month age-limit group were below the 5-percent
fiducial limits for average weights in table 1 at birth, and at 90, 186,
and 365 days of age, but they were above the average weights at 18
months in table 3.~ At older ages the avernge weights for this group
were definitely above those in the 124-month age-limit group and some
ot the previous age-limit groups.

Neither the average nor the estimated weights in the 124-month age-
Limit group showed any indication of an end to the trend toward lower
average weights with advance in age. The 142-month age-limit group
showed slight gnins in estimated weights nfter 132 months of a ge. The
lowest average weights occurred from 120 to 124 months of age.

The coefficients of variation were a little high for cows in the 1924-
month age-limit group, especially after 85 months of age. On the
other hand, the cows in the 142-month age-limit group had high coetli-
cients of variation frem 86 to 108 months of age, but they were no
bigher than any other group from then on.
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TasrLe 11—Growth in wweight for Mico groups of older Holstein cows
124-MONTH AGE-LIMIT GROUP (29 COWS}
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InForMATION FroM ALr Ace-LiMrr GRroups

Although a continuoug growth standard from bivch to old age would
be desirable, differences in the average actual weights at the same age
for animals in different age-Jimit groups prevent the joining of the
several curves of estimated weights.

However, a summarization of the average actual weights of Hol-
stein femnales in the Beltsville herd is given in table 12. These average
weights inclnde data previously omitted because of age-limit group
requirements and a considerable amount of data obiained since the
standards were caleulated. Twins and inbred animals were not
included for comparison.

TAnLE 12 —dverage swveights of Holstein emes nnd heifers i the Beltgville herd
withan! reguird fo age-Lintil grops

Esti-

mates]
standwrdd |
weight I

Molstein ‘t‘c‘;rgf“ nIl;as tteld
Temales welent | Standard
g waoight

Average
actual
weight

Haolstein

[emales Age

Number | Pounts Number { Pounds | Founda
486 85 o .- 488 T3

At most uges the averuge actual weights shown in table 12 are in
close agreement with the estimated standurd weights. However, the
average weights are higher at 2 years of age, when a greater propor-
tion of the animals were in advanced pregnancy. At 3 and § years
of age, the average weights in table 12 ave higher than either the esti-
mated standards or the average weights from which the standards
were caleulated.

Analysis of variance was used on the data from 372 Holstein heifers
at successive ages (in months) in order to estimate the earliest age at
which there were significant differences between the average weights
for different stages of pregnancy and lactation. The variance ratios
for 15, 16, 17, 18, 19, 20, 21, 22, and 23 months of age were 0.89, 9.14,
3.45, 9.69, 13.51, 13.79, 18.45, 21.40, and 20.05, respectively. All but
the first weve highly significant. Thus, there appeared to be signifi-
cant differences at 16 months of age between the weights of 54 Ilolstein
heifers that were pregnant move than 45 days and 818 heifers that were
not. However, these differences may have been partly due to a tend-
ency for smaller heifers to conceive at n later nge. Another study on
the weights of most of these same heifers showed that the average
calving age of 47 heifers whose weights at 15 months of age wounld
have been graded 1 or 2, was abont 2 months Jater than the average
for 58 heifers whose weights would have been graded 9 or 10. A
significant difference in the weights of Jersey heifers at Beltsville
(7) was not found until 18 months of age.
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Similar tests with analysis of variance were made on the differences
between the average weights of cows and heifers at different ages (in
months) during various 18-month periods from birth. Tn the 35-
month age-limit group, the variance ratio for the effect of age was
8,957.15 for the period from birth to 17 months of age and 814.06 for
the period from 18 to 85 months of age. In the 53-month age-limit
group, the variance ratios were 285.15 for ages from 18 to 35 months
and 14.07 for ages from 86 to 53 months. In the 71-month age-limit
group, the variance ratios were 9.44 for ages from 36 to 53 months and
1.68 for ages from 54 to 71 months. This last variance ratio was
si%niﬁca,nt, but not. highly significant. ) )

In the 89-month age-limit group, the variance ratios for differences
between monthly average weights during 18-month periods ending at
53, 71, and 89 months of age were 6.28,2.01, and 2.58, respectively. All
were highly significant. liIov.'rwe}:', these results may include the effect
of other conditions, such as differences in the number of cows on test,
In the 107-month age-limit group, the variance ratios between average
weights at successive months diring 18-month periods ending at 53,
71, 89, and 107 months of age were 2.12, 1.30, 1.38, and 0.41, re-
spectively. 'The variance ratio for the period ending at 53 months of
age is the only one that is significant.

STANDARD FOR ASSIGNING GRADES TO THE WEIGHTS OF
HOLSTEIN COWS

A standard for assigning grades to the weights of Holstein cows
was procuced by combining the results of & number of different tahu-
lations and computations. The estimated standard weights in tables
5t0 10 were not used. They provided no way of estimating the effects
of different stages of pregnancy and lactation on the welghts of in-
dividual cows, nor the effect at different ages on the standard itself
of different numbers of cows on test or in various stages of Dregnancy
and lactation. Therefore, the data were tabulated on an entirely
different basis. The results of various steps in these tabulations are
shown in table 13.

The first step was to adopt the average of the first 10 monthly weights
in a lactation as the basic measure of a cow’s weight. This provided
a control of the effects of lactation und, to a large extent, a control of
the effects of pregnancy. However, differences in the intervals from
one calving to the next may have resulted in a varying pregnancy ef-
fect on the weights for the 9th or 10th month after calving. The aver-
ages of 1,030 such busic 10-month weights from cows calving at differ-
ent ages are listed in table 13. The age of u cow at the time of the firs
of 10 monthly weights was used as the basis for ex ressing the cow’s
age. In general, the ages used in table 13 may be about 15 days older
than the average calving age.

The irregular changes between average weights for successive ages,
and the realization that a larger percentage of the cows were on official
test at some ages than at others, demonstrated the need for finding
some other method of measuring the effect of age. Therefore, the ef-
Tects of age were measured by difference between the basic 10-month
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TAniE 13.—Date wsed in culculating cetimuted standards for wverage weight of
Heolslein cows digring the firel 10 months of o fectation

Welght changes between lactations Estimated values
Averagn of first 10
monthly wekghis
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Taecr 13 —Data used in calcrlating esiimaeted standards for averege weight of
Holatein cows durfag the first 10 months of ¢ lactetion—Continued

Weight changes between lactations Estimated volues
Average of irst 10
monthly weights
after ealving Cows represented.
Ape ot time of first in—
monthly weight

Gain par | Cumila- ; Cumitla-te o on g
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weights of individual cows for two consecutive lactations, when the
cows were on test in both luctations or not on test in both lactations.
When cows were alternately on test and not on test in consecubive lue-
tations, the effect of age was mensured by differences in the hasic
10-month weights of the first and third, or the second and fourth lacta-
tions, and so on, provided the cows were on test in both lactations or
were not on test in both lactations. Weights from 375 pairs of consee-
utive lactations and 70 pairs of alternate lactations were available fou
studies of the effect of age.

"The gain or loss in weight for each cow was divided by the number
of months between the lactations, and these monthly rains or losses
were tabulated for each of the intervening months. "The numbers ot
cows represented at each age Ly these tabulations ure shown in two
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columns in table 13, In caleuluting the average gains from both con-
secutive and alternate lactations, the tabulated total welghts and num-
ber of cows for alternate lactations were divided by 2 in ovder to
compensate for the range of 2 lactations and give preference to data
from consecutive lactations.

The series of average cumulative gains had irregnlarities that were
smoothed out by using a fourth-degree orthogonal polynomial to pro-
duce the estimated cumulative gains cshown in table 1. Asan illustra-
tion of the effect of uge on the rate of gain in weight, it may be stated
that the estimated daily gains at 2, 3,4, 5. 6.7, 8. 0. and 10 years of age,
respectively, were 0,450, 0,318, 0.207, 0.122, 0.058, —0.008, —0.014, and
—10.005 pounds.

The average of the 1.039 basic 10-month weights for all ages in table
13 was 1340.3+ pounds. The average of the estimafed cunmrulative
wains weighted by the same number of observations at each age was
208.82 pounds.  The difference, 1,131.52 pounds, was added to each of
the estrmated enmulative gains to mive estimated or standard basice
10-month lnctation weights for Halstein cows.  These estimated stand-
ard weights are shown in the last column of table 13.

By these procedures a growth curve, little affected by changes in the
relative number of cows on official test or by the relative number of
Light or heavy cows from which weight data werve obtained, was fitted
on basic 10-month lactation weight data that were little aflected by
differences in the stages of Juctation ov pregnancy.

Vuriation in these data was caleulated from the sum of the squares
for the deviations of the 1,089 basic 10-month weighis from the esti-
mated standard weights for the same ages.  The rvesult was a mean
square of 13,671.632 and a standavd deviation from the estimated
vitlues of 116.926 pounds.

Average deviations at different nges, particnlarly at older ages, weve
of little use in determining the normal effect of age on the deviations
Trom the estimated values. The effects of age were mixed with the
results of wider differences assoviated with the relative numbers of
cows on oflicial test and the velative numbers of light or heavy cows
in the various groups. Data in tables 3 to 10 showed some variation
with age m the cocflicients of variation, but the lower coeflicients tended
ta aeenr ab nges when a higher percentage of the cows were on test.
Thus, there seemed to be Nittle veason for nok using the same coeflicient
of variation for all ages for the deviations from the estimated stand-
wrd weights,  The average coefficient of varintion for the deviations
Trom the estimated standard weights for Holstein cows was 8.72 per-
cent. The corresponding figuve Tor Jersey cows af Beltsville was 9.65
percent. A similar difference was the lower coellicients of variation
it most ages for Holstein cows in the age-limit groups than for Jersey
COWS.

Sinee the coeflicient of variation was nssumed to be the same at all
ages, the factors 0.25335, 1.521-10, 0.84162, and 1.281535, trom a table by
Fisher (4}, that were used in caleulating boundary weights for Iol-
stein heifers, could be used with the cocflicient of variution in calcu-
Inting constants to apply dircetly to the basic 10-month weights in
order to determine the boundary weights between 10 grades for Hol-
stein cow weights, These constants for caleuluting the boundaries
between grades 1 and 2,2 and 3, niid so on, ave 0.88820, 0.92658, 0.95425,
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0.97790, 1.00000, 1.02210, 1.04575, 1.07342, and 1.11180, respectively.
Table i4 shows the boundary weights that were calculated in this
manner.

The constants used in calculating the boundary weights may also
be considered as percentages if it is desired to use them in interpreting
comparisons between individual weights and weights presented in
other standards. For example, weights less than 88.82 percent of
the standard being used would be equivalent to a grade of 1, and
weights more than 111.18 percent of the same standard would be
equivalent to a grade of 10,

The standard basic 10-month weights show a gain in weight for
Holstein cows to 7 years T months of age, but there is less than 10
pounds difference between the standard weights for any ages over
6 years 2 months of age. This difference of 10 pounds is less than
on}l;:-third of the range In weight for any grade at these ages shown in
table 14.

VARIATIONS IN WEIGHT DUE To $7TAGES OF PREGNANCY axD LacTaTion

It might be desivable at times to estimate the relative size of a cow
before all 10 monthly weights ave available. In such cases it would be
convenient to know the normal relationship between the basic 10-month
weight and whatever single weights or group of weights may be avail-
able. Table 15 was prepared to furnish such information and alse
to show the normal changes in weight throughout the months of preg-
nancy and the following lactation. Stages of pregnancy are repre-
sented in reverse order by stating the number of months before calving.
Data involving abortions were not used. On the average, the first
monthly weight before calving would be equivalent to 264 days of
pregnancy, the second to 234 days of pregnancey, and so on; but wide
deviations are possible. The data were grouped according to the
ages of the cows af the first monthly weight after calving in order to
demonstrate the additional effect of age ut the younger ages. Two
aroups were included for a comparison between lactations when cows
were on test and lactations when cows were not on test.

The average Iactation weights, on which the deviations in table 15
were hased, were 1,195, 3.342, 1,385, 1,430, 1,479, und 1,425 pounds,
respectively, for the 6 age groups, 1,445 pounds for cows on test, and
1,363 pounds for cows not on test.

The data from the 10th to the last month before calving show aver-
nge 9-month gains of 371 pounds for the 23- to 35-month group, 242
pounds for the 36- to +7-month group, 200 pounds for the 48- to 59-
month group, 227 pounds for the G- to Tl-month group, and 216
pounds for the 72- to 8§3-month group. Gurins in weight from the 2d
month afler calving, which was usnally the lowest month, to the 10th
month for the same groups in the same order were 160, 128, 121, 110,
and 89 pounds, respectively.

Helstein weights reported in o similar manner by Morgan and Davis
(8) were generully Ingher than those observed in this study, by dif-
fevences for the months immediately preceding and after calving
that did not exceed 100 pounds, Difterences at older ages were con-
siderably less. Gainsin weight duving the months of pregnancy were
very similar,
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TasLe 15~—Average weights and deviations from. the average of the fivst 10 monthly weights after calving for Holstein cows ut varions 9
months vefore and after cualviay -

Age groups'!

36 to 132 months

Perfod weighed 23 to 33 months | 36 to 47 months | 48 to 59 monthis | 60to 71 onths. | 7210 83 months | 48 to 132 months
On test Not on test

! ¥ ! ‘
; Weight E J)&'gi’l"’ Weight { Dﬁgg" Weight | Dé‘g":" Weight Dt‘i’g[']“' Weight | Dt?g[']“' \Vclght

\lon thw bc[oro ealving: Pounds | Pounds | Pounds i Pounds | Pounds | Pounds | Po umls Pounds | Poun ds | Pounds | Pounds | Pounds \ Pounds.. Pounds.| Pounds | Pounds
fieamiiaiaca 7 -~322 203 13 1,334 -5l ) — ; —66 387 1,320 —~11 1, 336 —-27

1, JM —d] y 4 —4 424 1,393 —32 1,345 -100 1,3 -21
3 -0 —50 1,308 1,352 . —12

1, 263 —20 —52 4 1,405 1, 360 5 o -2
1,275 1,376 -9 —33 44 1,422 b 1,380 4 14

1,407 22 . 2 E 1,401 g 43
1,435 50 at 2 E 2 1,441 § 70
1,465 80 , 67 4 ) ], 476 b 08 105
1,409 114 1, 536G 106 55 g ,510 : 136
1,534 149 1,500 160 1, 502 1, 559

1, 354 —=31 —24 , ] 1,400 1,403
1,347 —38 ~38 s 1,303 : 1,400
1,352 4 b -34 1, 306 1,413
1,381 - ) 5 -25 1, 456 ' 1,102 1,427
1, 365 5413 7 . d 1,409 1,439 ,ddﬂ

1,374 .42 4 1,416 1,449 ,3l6
1,390 ) 1,427 1,461
1,406 1, 442 ],412
1,433 7 1,465 1,486
1,468 1,402 1, 506

1,356 2 1; 1,416
1,359 1,426
1,414 7 1,475
1,385 1,445

157 335

Devin- resier Devia- . Devia-
tion Weight tion Weight tion

6601 NILITING IVOINHOMLL

! Cows are arranged in groups according to their ages at first weighing after calving.

®
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In the comparison between cows on test and cows not on test, those
not on test averaged about 6 months older than those on fest. The
average interval from the previous calving wus between 14.5 and 15.0
months for both groups. There was practically no difference in the
average weights of the 2 groups from 10 to 5 months before ealving,
and the cows going on test were only 19 or 20 pounds heavier than the
others for the Tast 2 months before calving. At the first monthly
weight after calving, the cows on test were 31 pounds heavier than
those not on test ; and the difference gradually increased to 103 pounds
at 6 months atter calving. The cows on test lost very little weight
after the first month, whereas the average weight for cows not on test
did not equal the first month’'s weight wnti]l after the sixth month.

The average deviations from the basie 10-month weights shown in
table 15 may be used to provide a means of adjusting single weizhts,
or a certain series of weights, to the equivalent basic 10-month weight
necessary for using the boundary weights in table 13. In using the
deviations in table 15, minus deviations are added to the cow's weight
at a certain month er group of months. and plus deviations arve sub-
tracted from a cow’s weight to give an adjusted weight comparable to
the boundary welghts listed in table 14, These adjustments, however,
provide no way of accounting for differences between individual cows
In the relationship between single weights and the basic 10-month
weights,

There is an age difference in the relationship that makes it advis-
able to use the deviations for the 23- to 85-month group and the 36-
to 47-month group at these younger zges. The devintions for cows
48 to 132 months of age might be used for all other ages. For an ex-
ample, a cow may have calved less than a month before she was 5 yeurs
of age, and weighed 1,380 pounds about 4 months after calving. ~Add
the deviation (—23 pounds) shown in table 15, to give her an adjusted
weight of 1,403 pounds. According to the boundary weights in table
L4, this weight at 5 yeurs of age would veceive u grade of 5.

In determining what month after ealving to use in making an
adjustment, it should be remembered that, in ascembling the data for
table 15, weights taken within 30 duys after calving were tabulated
for the first month, weights taken from 31 to 60 days after calving
were tabulated for the second month, and so on.  Any fraction of a
month after calving is represented in table 15 as part of the next
month,

Grades were assigned fo the 1,089 basic 10-month lactation weights
that were used in preparing this standard, in ovder to test the actusl
distribution of these grades in the Holstein herd at Boltsville, Theo-
retically, there shonld have been about 104 weights for each grade,
Actually, the number of weights for cach grade from 1 to 10 was
06, 104, 86, 116, 107, 110, 118, 109, 88, and 106, respectively. The
lower coeflicient of variation for the IHolstein data than for the Jer-
sey data did not result in a distribution with greater numbers in
the arades or groups at cither end of the array.

There were distinct differences in the distribution of grades for
cows on test and cows net on test. The percentages of the 618 Tacta-
tions for cows on fest veceiving grades 1 to 16 were 3.9, 6.0, 7.3, 9.5,
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24, 10.8, 12.9, 12.8, 11.5, and 15.9 percent, respectively. Similar per-
centages for 4221 lactations for cows not on test were 17.1, 15.9, 9.7,
13.5,11.6,10.2, 9.0, 7.1, 4.0, and 1.9 percent.

TIME TRENDS IN THE AVERAGE WEIGHT OF HOLSTEIN
FEMALES AT BELTSVILLE

Occasional observations indicatec, the wssibility of a time trend
in the weights of Holstein fomales in the ]ge]i's:\'illo herd over a period
of move than 30 years. Weight data obtained in this herd have the
ndvantage that they arve bused on adequate numbers of females in
a herd that was maintained (1) under uniform environment over a
considerable number of yeavs and (2) without culling for size or pro-
duction or adding purchased females.

The weights at certain ages of Holstein females in the Beltsville
herd were tabulated according to the year of hirth. Duta for these
tabulations included many weights obtnined since the weight stand-
ards were caleulated. The avernge weights from such tubulations
are shown in table 16. The average weights for esch year are for
the same group of femnles. minus those thut left the herd. Weights
of twins and inbred animals were not used.

The environmental vear. us distinguished from the year of birth,
of the animals, can be determined for some of the average weights by
adding the nge to the year of birth.  For example, the environmental
years for females born in 1940 were from Junuary 1940 through
December 1940 for weights at birth, from July 1940 fo June 1941 for
weights at 180 days of age. from January 1941 through December 1941
for weights at 12 months of nge. from July 1941 through June 1942
for weights at (8 months of age, and from January 1944 through
December 1944 for weights at -+ years of age.

For the same group of females born in 1940, the environmental
period for most of the fivst-lactation weights, each of which was an
avernge of 10 monthly weights after calving, would have been from
Junvary 1942 through April 194 The environmental period for
mature-lactation weighis would have been spread over a wienter num-
ber of years. becanse weights For lactations begrinning at any age
between 4 and 8§ years were used, in order to buse these values as Far as
possible on weights obtuined during lactations on test. Nevertheless,
for all years in this study, 20.5 pereont of the matnre-lactation weights
were not obtained from cows on test. A1l but 4.2 percent of the first-
Inctation weights were obtrined from cows on test.

All figst-lactation weights were adjusted o a calving nge of 26
months.  This was done by multiplying the standard lactation weigrht
for 26 months of age by the rutio of the cow’s lactation weight divided
by the standard lactation weight for cows of her age. All mature-
lactation weights were adjusted o a calving age of 7 years in the
same manner.  The adjusted values at T years of age ave & good vepre-
sentation of cach cow’s maximumn weight while milking.

It is possible that some of the differences in the average weights,
from the sorting according to the year of birth, may have been due
to inherited differences froni the sives that were used. Therefore,
letter symbols are used in table 16 to indicate the bulls siring one-sixth
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or more of the heifers whose weights are tabulated from birth to 12
months of age. This may or may not indicate the proportion of the
females born in the same year that remained in the herd to older ages.

It may be noticed that average birth weights were high when bull &
was the predominant sire. Many average weights for the same groups
at older ages were relatively low. Weights at birth and at some older
ages were low for females born in 1926, when bull 5 was the predomi-
nant sire.  Although 40 percent of these calves were the first offspring
of their dams, it so happened that sire & had three definitely under-
sized daughters, all of which were born in 1926.  As another illustra-
tion, many of the average weights were high for animals born in 1933,
1984, 1935, and 1936, when bull ¢ was the predominant sire.

The significance of differences between the average weights of ani-
mals born in different yeurs was tested by analysis of variance. The
mean squares for the variance between years and the variance within
years ave shown in table 16. In nearly all instances, except birth
weights from 1928 through 1951, differences in the average weights
for different years were highly significant. These results, however.
do not distingnish between the relative effects of inheritance, environ-
ment, or 2 general trend.

Aside from numerous up-and-down changes from one year to the
next, there appears to be a trend toward higher weights during the
first 10 or 12 yeavs and then a leveling off for the remaining 20 years,
Tests on the average weights at 12 months of age were made by
orthogonal polynomial regression. The use of the second-degree term,
whieh produces a parabolic curve, showed a highly significant reduc-
tion (¥'=90.58) in the sum of squares. Reductions in the sums of
squares were not significant for a linear vegression, nor the third- and
fourth-degree terms that produce move complicated curves. On the
basis of these vesults it was decided to use the weights from animals
born from 1919 throngh 1930 for a study of the period of increasing
average weights, and to use the weights for animals bern from 1928
through 1951 for a study of the period of little change in average
weights.

The average weights for ench of these periods are shown in table 16.
The average weights at all ages except at birth were definitely higher
for the period 1928-51 than for the period 1919-30.

Linear regression coeffictents were caleulated to determine the trends
in weights during each of these pericds. The resulis ave shown in
table 16. During the entire period 1919-51, there were small yearly
increases in weight at all ages except at birth. ‘These trends were
highly significant when tested by the veduction in the sums of squarves
by regression. There was n significant trend for lower weights at
birth daring this period.

Regression coeflicients for the period 1919-30 showed much larger
yearly increases in average weights. 1In spite of the fewer numbers,
most of the regressions caused highly significant veductions in the sums
of squares. There was a nonsignificant trend in the opposite direc-
tion for weights at birth. '

Regression coeflicients for the period 1928-51 show trends for in-
creasmg weights at some ages and decreasing weights at others. Only
the trend for deereasing weights at 18 months of age was significant,




TABLE 18.—Yearly trends in the arerage weights of Holstein.femaies sorted according to year of birth?

Year of birth

Stres of ‘various" pereent-
ages of the heifers, from
to 12 months of

birth
age?

Number of females, and average welghts from birth
to-12 months of nge—

Number of females, and average welghts, from 18 months through
mature lactation—

50
percent

33.3to
49.9
percent

16.7 to
33.2
percent

At birth

At 180 days

At 12 months

At 18 months

At 4 years

At first lactation

At matare
lnctntion

Number |. Pouiids

70.5
98. 0

[

—

5
5
7
9
8
5
0
9
1
9
3
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2.3
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0.4

7
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Averages: i
1919-51 488
1919-30, 03
1928-51. 428

Mean squares between years:
101951, 3 5, 715%* 21, 184** 18, 052°¢ 28, 225°*
1916-30, ... 3, 051** 18, 222°* 15,201%* 22, 532**
1928-51 3 4,181°¢ 9, b81** 14,380** 20, 289°¢ 20, 333

Mean squares within years:
1919-51 .. ciae e 1,208 3,149 4, 505 13,467
1919-30, . 1, 280 2, 255 5, 161 18, 414
1928-51. 3 1,196 3,221 4,39 12, 058

Regression of weight on years:
1919

1] B - - L7 2.23%* ’ 1.27°° 4.04%¢
1019-30 ‘ 4.08%* 11, 63*° 0.10° 10.65* 5 12, 56
1028-51 —.117 .42 —.21 —1.14* 47 2.11

) 1 asterisk indicates significance at the 5-percent level; & asterisks Indiente significance at the I-percent level,
? Latters A through Frepresent sires of foundation cows. Letters @ throuph k-rtepreset the proved sires that were brought in from outside for use in the breeding experlment.
Letters I through ¢ represent sires ralsed at Beltsville, which for the most purt had some relationship to their mates.
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The fact that the regressions for weights at 12 and 18 months of age
and during the first Iactation were negative, whereas all others except
weights at birth were positive, suggests the possibility of an envivon-
mental difference in the care of older heifers. Also, in view of the
number of animals available and the general absence of significant
reductions in the sums of squares, there is no indication of a trend in
the size of Holstein females during the periods represented by animals
born from 1928 through 1951.

Similar resalts were shown in a study of the weights of Jersey fe-
males at Beltsville (7). The vesults from both breeds support the
theory that in a breeding program of outcrossing to sives proved for
high production, the average weights in an assembled herd will in-
crease for 2 or & generations, and then remain at a fairly constant level
as long as proveﬁ sires from outside the herd are used.  However, for
the last 12 or more years, only Beltsville-raised bulls with some degree
of relationship to most of their mates were used in the Jersey herd.
In the Jersey herd, there was a signifieant downward trend in most
average weights during the period from 1928 through 1951. The
explanation of this difference in the results from the 2 breeds may be
in the fact that, for the last 12 or 14 years, most Jersey cows were
mated to Beltsville-raised Lulls that had some degree of relationship
to the cows,

RELATIONSHIPS BETWEEN EARLY AND MATURE WEIGHTS

Because of the efforts made to maintain uniform environmental
conditions and provide a liberal plane of feeding for growth and milk
production at Beltsville, the weight data from the Holstein herd pro-
vide an excellent opportunity to study the relationships between early
weights and mature weights. By using a number of weights obtained
since the weight standards were calenlated, data were made available
from birth to near maturity on 197 Helstein cows. The weights of
inbred cows and twins were not used.

The preferred measuve of a cow’s mature weight was the avernge
of the first 10 monthly weights during a lactation on test beginning at
7 years of age. Such weights would e close to the maximum weights
of cows in milking condition, when on careful feeding. However, few
Tactations on test began at exactly 7 years of uge. Although table 13
shows only slight changes in the standard weights between 6.5 and 9
years of age, many cows were started on official test at earlier ages,
hut under mature-test conditions. Therefore, #ll lactation wei;ﬁlts
were eonverted to a T-year-old equivalent, by using the ratio of each
cow’s lactation weight divided by the standard for cows of her age.

Adjusting the Jactation weights for age made it possible to include
data from a number of cows calving after 4 years of age but withont
later lactations on test. Every effort was made to use weights from
cows on test, but more than 11 percent of the mature-lactation weights
in this study were obtained from cows not on test.

First-lactation weights were adjusted to equivalent values at 26
months of age, in the manner previously described. All but 2 percent
of these weights were obtained from cows on test.

The results of these studies of the relationships of mature-Inctation
weights to weights at earlier ages are shown in table 17. Additional

e
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studies were made on data from the sume 197 cows, of the relationships
between weights at birth and at 6 months of age, and between weights
at 12 months of age and during the first lactation.

TABLE 17.—Relationships befwoen weights at different ages in the seme Holstein
females

Euarlier weights Later walghts Reduce- Stond-
Corre- | tion - ard
lation § {n Sy devia-
Aver- | Bund- Aver- | Stand- | epefli- | doe to tian
Age age |ard de- Age nge fard de- | elent! | regres- g re-
woight | vintion weight | viatlon slon leression

Founds Pereent Ponnds
4.6 219 123.8

At birth X X
00 days. . 3 da - N . . . 118, 1
180 days__ 3 . N . 3 L3 1358
12 menths . . - X . X . 108.49
18 mopnths___ . N 3 I [ R . &f 3 . 2l
First lactation. . X h) X LT X . 87.1
AL birth . ¥s. - 38, -387 . . 300
12 months. . X . 3 . 73.0

1 A correlation coeflicients are highty significant,

All correlation coefficients were highly significant, showing a definite
relationship between eatly weights and later weights, The succes-
sive increases in the correlation coefficients, from 0.2149 for birth
weights and mature-lactation weights to 0.7250 for first- and mature-
lactation weights, demonstrate the greater reliability of each older age
in predicting mature-Jactation weights. It is also interesting to
observe that there was a higher correlation between weights at 6
months of age and mature-lnctation weights than between weights at
birth and weights at 6 months of age.

Another demonstration of the relative values of early weights
in predicting mature-lactation weights is the proportion of the sum
of squares for mature-lactation weights (Sy*) that was attributable
to regression. These percentage values were calculated as »2(100).
A low correlation of 0.2149 for the relationship between birth weights
and mature-lactation weights accounted for only 4.6 percent of the
sum of squares for mature-lactation weights, whereas the correlation
of 0.7250 between first- and mature-lactation weights accounted for
52.6 percent. These values are also shown in table 17,

The standard deviations from tegression, or standard errors of
estimate, for mature-lactation weights were successively lower at
each older estimating age. The standard ervor of estimate from the
regression of mature-lactation weights on weights at birth was only
2.7 pounds less than the standard deviation for mature-lactation
weights. The error of estimate from regression of mature-lactation
weights on first-lactation weights was 39.2 pounds less.

The values in table 17 also show that using weights at 12 months
of age produced considerably more reliable estimates of first-lactation
weights than of mature-lactation weights. In parallel studies on
weight data from the Jersey herd at Beltsville (7), this difference
between first- and mature-lactation estimates was not as great. In
all other respects the results on Jersey weight data were almost
identical with the results from the Holstein weight data,
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GROWTH STANDARDS FOR BULL CALVES

Weights from birth were available on a number of bull calves born
in the Holstein herd at Beltsville, although many bulls were trans-
ferred to another herd soon after birth and many others weve loaned
to cooperating dairymen before they were a year old. Nevertheless,
weights were obtained regularly from birth teo 270 days of age on
256 bulls, from birth to 12 months of age on 148 bulls, from birth to
15 ;}miilths of age on 54 bulls, and from birth to 18 months of age on
27 bulls.

Feeding and management of the Holstein bulls was much like that
described for Holstein heifers, except that the bulls were moved ont of
the calf barn at an earlier age. For example, of the 148 bulls that
reached 12 months of age in the Bebtsville herd, 26 percent were out
of the calf barn at 240 days of age, 61 percent at 270 days, 86 pereent
at 300 days, 95 percent at 330 days, and 98 percent at 260 days. No
silage was fed to the bulls, but pasture was available for young bulls
some of the time,

The average weights for four groups of Holstein bulls are shown in
table 18.  Standard deviations ave shown for two gronps that reached
270 days and 15 months of nge, respectively. Averages of the coeflici-
ents of variation for the 256 bulls that renched 270 days of age were
12.02, 10.41, and 9.87 pevcent during the first, second, and third 3-month
period after birth, respectively. These values were not areatly differ-
ent from those for Holstein heifers at the same age. They were,
howevev, definitely lower than the coefficients of variation for J ersey
bull ealves at Beltsville (7). The coefficients of variation for the 54
Holstein bull calves in the 15-month age-limit group were slightly
lower than fov those in the 270-day age-limit group. For bulls be-
tween 9 and 15 months of age, the average coelficient of variation was
8.68 percent.

At most ages there were only slight differences between the average
weights for the 4 age-limit groups shown in table 18, but at 240 angd
270 days of age the average weights in the 18-month age-limit aroup
were as nuch us 12 and 14 pounds greater than those in other groups,

Estimated weights for 10-day periods were calculated, by fourth-
degree orthogonal polynomial regression, fron: the average weights in
the 270-day age-limit gronp and from the average weightsat 10, 11, and
12 months of age from the 12-month age-limit group, with linear inter-
polations for the weights at intervening 10-day periods. Thaus, a
curve of estimated weights by 10-day periods wus ealenlated in a man-
ner comparable to that for Holstein heifer calves. However, csti-
mated weights by 10-day periods are not presented beyond 300 days of
age because of the enviromnental changes invelved in the transfer of
a large percentage of the ealves to the bull barn.

Estimated weights of Holstein bulls by months, like the estimated
weights for heifers, were caleulated by fifth-degree orthogonal poly-
nomial regression from the avernge weights of the 54 bulls that reached
15 months of age, from the adjusted weights of 27 bulls that reached
18 months of age, and from the average gains in weight for 13 bulls
that reached 21 months of agre in the herd. The average weights for
30-day periods weve ndjusted to a calendar month basis in the manner
described for heifers.  Caleulations for estimated weights were made
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to 21 months of age in order to have a growth curve comparable to that
for heifers; but because of the limited number of animals involved at
the older ages, no estimated weights beyond 18 months of age are
presented in table 18,

According to the estimated weights by 10-day periods, Holstein bulls
exceeded Holstein heifers n weight at birth and at 90, 180, and 270
days of age by 8.8, 17.4, 511, and 81.6 pounds, respectively, or in
another measure by 9.4, 8.2, 13.0, and 14.6 percent. According to the
estimated weights by months, the bulis exceeded the heifers at 6, 9, 12,
15, and 18 months of age by 47.8, 78.2, 11%.6, 175.0, and 243.3 pounds,
respectively, or by 12.0, 18.7, 16.7, 21.6, and 26.7 percent. Thus, it
appears that bulls become proporfionally Jarger than heifers as they
grow older. The differences between Holstein bulls and heifers, how-
ever, are not as great as those hetween Jersey bulls and heifers at the
same station (7).

Differences in the growth rates of Holstein bulls and heifers are
shown also in the estimated daily gains. During the Ist, 3d, 6th, 9th,
12th, 15th, and 18th month of age, respectively, the estimated daily
gains in weight weve 1.2, 144, 15.6, 23.7, 36.1, 62.7, and 640 percent
higher for the bulls than for the heifers.

The boundary weights for assigning grades to the weights of Hol-
stein bull calves are shown by 10-day periods in table 19 and by
calendar months in table 20. The boundary weights by 10-day
periods were ealenlated in the same manner ns those for heifer calves,
by using the standard deviations from the 270-day age-limit group
plus those from the 12-month age-limit group for ages beyond 270
days. The boundary weights by calendar months were caleulated
from the standard devintions for the 15-month nge-limit group. Ad-
justments of the consulerably different standard deviations for the
older age-limit groups appeared to be impractical for ages affer 15
months. Instead, standard deviations for the 6 oldest ages were esti-
mated by assuming that the average coefficients of variation for the
ages from 12 to 18 months in the 15-month age-timit group would have
continued with Iittle change for the next few meonths. The standard
deviations for successive ages were smoothed by the use of fourth-
degree ovthogonal polynomials,

This standurd for weights of Holstein bull calves is definitely higher
at some ages than the Ragsdale standard (70). If, for example, the
weights in the Ragsdale standard were graded according to the data
in table 17, the grades for the Ragsdale weights would drop from
a grade of 3 at 2 and 3 months of age to a grade of 1 at 7 to 10 months
of age, but wounld gradually increase to a grade of 5 at 15 months of
age and to a grade of 6 at 18 months of nge.

Not enough weights were available for a study of growth in weight
by older bulls. However, some indication of the size of mature Hol-
stein bnlls in the Beltsville herd may be obtained by calculating
for each bull the average of 10 consceutive monthly weights for each
year of age beginning al 4 yeays, and designating the hirhest of these
average weights as the bull’s maximum weight. Calculated in this
manner, the average of the maximum weights of 7 Holstein sives
brought in from oufside of the herd was 2003 pounds at an average
age of 115 months for the fivst of the 10 monthly weights. A similar




TAsLE 18.—Averagetceights und standard deviations, and-estimated g cights and gaing, for Holstein bull calves

256 calves to 9 months of age &4 ealves to 15 months of age Estimated values

Weights of Wolghts of
Standard lfg culvos‘ to Standaid 278cnlvcs)&o By 10-day perlods By months 1
, andard months ik andar 18 months

Weight deviation Welght devlatlon

Weight Daily gain Weight Daily gain

i 4
Pounds Pounds 1 Pouwnds Pounds Pounds Pounds Pounds | Pounds Pounds Pounds
m 12,2 102 1 102 1024 101.6

106 106, 2 |
114 _ 113.3
125

130
156
172

190
210 |
230

100... , e 0 251
110. . 73 A 274
120... NN . R . 207

321
346
373

DL P : 3 307 1.
170, .- . i 3 422
446

472
498 - 490.8
519 3 8 M3 4

847 . 535, §
870 1. 557, 1
581 578.3
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TAnLE 19.—Boundary weights by 10-day pr viods betiwreen grades for the 1« eights of Holstein bull calves

Grade 1 Grade 2 Grade 3 Qrade 4 irpde § Grade 6 Grade 7 Qrade 8 Grade 9 Grade 10
NS N N N ™N N\ N 7

a Pounds Porinds Pounds Ponnds Pounds Pounds Pounds Pounds Pounds
At birth? . 85.1 b0, - 04, 97.6 B 103.8 107, 1 J11,1 116, 4
At birth 87.9 92.9 06.5 00.5 102, 4 105.2 108.3 il 116.8

05, 6 90, G 102, 9 106, 2 109, 4 12, 1186, 1224
101.5 105. 9 109.§ 13.3 114, 9 . 125, 131. 4
115.3 119.5 123, 5 1275 131, 136. 143.5

131.9 134, 140.7 145, 150.
146.7 151, 156, ] 167, 4
13,4 i 173. 185.

1S1. 8 200, 4 216.2
1785, S7.+ A, 201.7 228.3 238.9
193, o X 228 251.4 5

215, 9 22 2HL8 260, 6 275.8
236.8 249, 54, - 207, & 200. 8 300. 3
258, 1 72, 82, 20.9 315.7 325, 8

2707 2046 . B 24, . 340.9 3316
.- e 3016 3173 328, 338, 4 317.5 361 366.2
130cmncn. . R 32,5 340.1 352, 362.3 3719 o 0.7

160-. PR 345.3 362,8 370, 356, 1 300.2
170.. 366. 9 385, 3 398, { 409. 8 420.3
8 e as - 388.3 407,35 421, 433, 1

409, 4 42004 13,8 440, 2 47,7 470.2° A 520, 9
e 440, 1 450.9 405, 478.8 3 2. 8 E A30. 551, 5
b2] U - 450, 3 471.9 487, 500.9 X . 839, 4. a76. 4

| 70. 4925 3 522.0
480. 5 12,7 . - 543.-
G084 832, 4 ), 564,
&l ¥ X #8148
45,3 570.7 9 - 6046 9, .
RN 563.3 580, 4 5 624, 2 (34, 2 . 670.3

280 s mtren e ae s e e 5811 607. . 643, G 058, 9 G00. &
3 amm e 508.0 626, i 062, 8 678. 5 . 711
G16.8 Gt . 681, 9 G98.1 7. 731.3

! Based on the observed mean and standard deviation,
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TABLE 20.—Boundary weights by calendar months between grades for the weights of Holstein bull calves

Age QGrade 1 Grade 2 Grade 3 Grade 4 Qrades QGrades Qrade 7 Grade 8 Grade 0 Qrads i
NS N/ N2 N7 N/ hd 7 ~7

AMonths Pounds Pounds Pounds Pounds Pounds Pounds Pounids Pounds Pounds
At birth . 88.7 93.7 7.3 100.4 103.3 106, 2 100.3 112.9 17.9
At dirth.... 80.3 03,6 96.6 00, 2 10L.6 104.1 106.7 109.7 113.0

123.9 5 131.7 3 147.2
160.6 .8 180. 1 201, 2
228.7 241. 9 249, 208.9

31,7 30. 344.3
3849 . 423.1
458,3 5019

520.8 ; 578.8
598,38 . . 52,5
663,1 . g 722.5

724,86 4 788.8
782.9 . 3 852. 1
830.3 . 3.2

1,030.5 1,086.5 4
1,006,2 1,120.1 1,145, 5 . 1,216,8
1,153.1 1,178.2 1,204.9 1,270.7

1 Based on the ghserved menn and standard devintion,
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average of the maximum weights of 10 Holstein bulls, exclusive of in-
bred bulls, born at Beltsville was 2,155 pounds at an average age of
74 months,

SUMMARY

Studies of srowth by Holstein cattle, as measured by changes in
weight from birth to maturity, have been made by the Dairy Hus-
bandry Research Branch from the weights of cows, heifers, and bull
calves that were born and raised in the experimental breeding herd
of Holsteins at Beltsville, Md., during the past 30 years. Twins and
inbred animals were not included in these studies.

Because certain conditions have been maintained rather constant
from the beginning, the Beltsville weight data are well suited for
use as standards of normal growth. For example, good, practical
methods of feeding and management have been used and an effort
has been made to keep them as uniform as possible thronghout the
years of the experimental work. These conditions are described in
detail and their effects represent a part of the normal included in
these standards.

Tabulations of the weight data for Holstein females were made by
dividing the data into nine age-limit groups, so thot measures of
the rates of growth covering a certain range in age would be based
on successive weights from the same animals.

The average weight of 400 heifer calves was 96 pounds at birth,
394 pounds at 180 days of age, and 710 pounds at 12 months of age.
Other average weights were 1,193 pounds for 307 cows at 30 months
of age, 1,381 pounds for 233 cows at 4 years of age, and 1,514 pounds
for 110 cows at 7 years of age.

The portions of the growth curves represented by the data on heifers
from birth to 365 days of age and from birth to 21 months of age,
and by the data for the last 2 to 5 years of age for cows in the several
nge-limit groups, were smoothed by calculating a fourth- or fifth-
degree orthogonal polynomial regression for a series of average
weights. ‘The differences between successive estimated weights cal-
culated in this way gave rates of gain that were relutively free from
month-to-month varmations, but that still showed long range trends
due to age and some environmental conditions. These estimated
weights and gains are presented as the Beltsville standards for nor-
mal growth.

A system of grades from 1 to 10 for the weights of heifers, by
10-day periods from birth to 365 days of age or by months to 21
months of age, was produced from the smoothed curves of the esti-
mated weights and from similarly smoothed curves of the standard
deviations, The purpose was to have some methoed of interpreting
the importance of the difference between the weight of an individual
heifer and the estimated standard weight. Theoretically, each grade
from 1 to 10 would represent 10 percent of all weights for a given
age. Checks at certnin ages showed this to be approximately the
distribution in the Beltsville herd.

Tabulations of weights during the ages covering the first pregnancy
and the beginning of luctation showed that at each age the avernge
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weights of heifers pregnant more than 165 days were definitely higher
than those for heifers not pregnant, or for those in the early stages
of pregnancy, or for those recently fresh.
he average weights of cows tended to be higher at ages when a
reater proportion of them were on official test with higher levels of
eeding and when the greater number were in advanced stages of
pregnancy, as at 21 to 26 months of age. .

"Tests by analysis of variance showed significant differences between
the average weights of heifers that were pregnant less than 45 days
and heifers that were in more advanced stages of pregnancy—at 16
months of age and older. However, the difference at 16 months of
age may have been affected by a tendency for heavier heifers to con-
ceive at an earlier age than lighter ones.

Tests, by analysis of variance between the average weights at dif-
ferent ages during periods covering a range of 18 months in age,
showed that the influence of age on weight was much greater at
younger ages and of doubtful significance after 5 years of age.

Special tabulations and calculations were made to prepare a stand-
ard, which wonld not be complicated by differences in the stages of
pregnancy or lactation, for assigning grades to the weights of in-
dividual cows. The basic weight for this standard was the average
of the first 10 monthly weights after calving, and age was expressed
as the cow’s age at the time of the first monthly weight after calving.
Changes in weight with age were calculated on a monthly basis from
the difference between the basic weights of a cow in two successive
lactations, when the cow was on test or not on test in both lactations.
A fourth-degree orthogonal polynomial was used to produce a smooth
curve of estimated standard weights. Deviations of observed weights
from . the standard weights were used as the measnre of variation
needed for establishing boundary weights between grades, from 1 to 10.

Another table was prepared to show the relationships between the
standard for the average of 10 monthly weights after calving and
the weights obtained at various times during the lactation or in the
preceding gestation period. These data could be used to make adjust-
ments when weights for 10 consecutive months are not available.

There were time trends in yearly average weights of Holstein
females in the Belisville herd. The trencds were characterized by
rapid increases in average weights during the first 10 or 12 years to a
level that was maintained with little change for the remaining 20

ears.
Y Correlation studies showed that mature-lactation weights were defi-
nitely related to weights «t all earlier ages, but the correlations were
progressively higher for each age nearer to the mature lactation.

Standards similar to those for heifers were prepared for measuring
the growth of Holstein bulls by 10-clay periods from birth to 800 days
of age ahd by months from hirth to 18 months of age. These data
showed that the percentage differences between the weights of bulls
and heifers increased with age, and that differences between the daily
¢ains of bulls and heifers also increased with age.
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