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Cumulative milk and fat production on test day from 11,420 Michizen
DeHeIede - IBM reccrds for the period 1955 to July 1857 were analysecd, and
used to derive regression factors for estimating 305-day production from
part lectetions. The data included £,995 Holstein, 1,457 Guernsey, 651
Jercey, and 519 Brown Swiss recordse.

Linear regression coefficients were used as the veriable measuring
the relationship between cumulative production on test day and the sua of
the first ten test days. The regression cosfficients were celculated
within each herd, season, lactation, end age group. Analyses of varience
and visual inspection of the milk and fet regression coefficients for the
first, third, and seventh cumulative months of the Holstein data were usecd
to determine the importance of sesason, lactation, and ege on the part to
whole relationshipe From these technigues, season was not considered an
important influence for the present study. Visual inspection of the mean
age coefficients within lactation nuumbers failed to reveal where the groups
should be separated or combined; conseguently, the data were grouped as a
whole within each breed.

Intra-herd extension factors were computed as the weighted average
rezression coefficient within herde, seascns, lactations, and ages for each
of the nine cumulative test days. Each regression coefficient included in
the averaze was weighted by the number of records determining its value.
For comparison, inter—-herd extension factors were also derived disregerding
herd, season, lactation, and age effects. 4&lthouzh the inter and intra-herd

factors were not tested for significance, the marked similarity between the
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Holstein factors suzzests that herd has little or no influence on the part
to whole relationship.

Correlations between cumulative part and 305-dey production ignoring
herd, seesson, lactation, and age differences were not less than .7 for
the first month, increesed steadily as the lactation progressed; and were
«9 by the fifth test dey for all breeds. These findings support data in
the literature that suggests prcduction records of only one or two months
are valuable guides to what a cow will produce in that lactation. Further-
more, estimating 305-day production from such records would be useful tools

in early culling end progeny testinge
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also be possible by extending incomplete records.

SR

Several workers have reported the ability to estimate the complete
lactation yield by applying multiplicative and regression factors to an
1 incomplete record or to production tests made during certain portions of
1 the lactation. These techniques assumed that similar relationships be-
.4 tween production during different portions of the lactetion and the total
yield exist for all cowse.

Previous work has indicated that (1) breed, (2) age and (3) season of
freshening, (4) milking frequency, and (5) stage of gestation influence

the quality and/or quantity of milk and fat produced during 21l or certain

) portions of the lactation. Whether these factors exert an influence on
the relationship between en incomplete record and its 305-day equivalent
has not been determined. Recently, several workers have delved into this
problem with limited success by studying the differences between extension

factors computed for different seasons, ages of freshening, and milking

frequencies. To assure maximum asccuracy of the estimated 505-day pro-

duction, all environmental agents influencing the part to whole relation-
ship must be compensated for in the method used in deriving the predicting
factorse.

The present study was initiated to (1) exemine the importance of
breed, herd, lactation number, season, and age of freshening on the relation-
ship between milk and fat produced on test day and production for the com-
plete lactation, and (2) to compute factors for extending incomplete

records to a 305~day basise






REVIZW COF LITZRATURE

Voelker (1957) found that sixteen per cent of gll production re-
cords available (1,636) in the South Dakota Colleze herd since 1897 were
incomplete due primarily to low producticn. The per cent of records
terminating in the first to the ninth month, respectively, were 5, 11, 9,
11, 13, 15, 18, 12, and 6.

Two methods of deriving factors to estimnste 305~day production frou
vields of less then 305-dnys have been used in the paste The siuplect
procedure is the ratio of the couplete production to partial producticn.

It hos a general predicting eguetion of the fellowing form: ¢ = cX, where
A

Y is estimated production for 505-ddys, ¢ the ratio of complete procduction
to partial production, and X the actual production for less than 309-deys.

The second technigue is to fit ty "least squares" a resression
equaticn of total production on partisl productione The regression pro-—
cedure hes a predicting equation of et least tuwo parzieters and is sowe-
what more ccxplex in application. Ia its siuplest form (linear ra;rcssion),

A A
the goneral equation has the structure:s Y = a+ b, where ¥ is estimatled
production for 305-days, a the point where the regression line intercepts
the y axis, b the re_ression coefficient wmecsuring the average change in Y
with each unit change in X, and X the actual production for less than 2072~
dayse

Unless a regrecsion of total production on month of production utiliz-

ing all nine mwonths is uced as a basis of predicting totel production, it

1s necessary to have differont equations for each month regardless of the



nethod (retio or regression) since cows do not produce the szmue guontity
of milk arnd fat throuzhout the lactation. Consequently, a, b, and ¢ in
the two genersl eyuations will take on different values depending on the
nonth or length of lactaticn from which tﬂe total yield is being estimoted.

Both methods will extsnd an incomplete reccrd, tut the regression
equction sdjusts for the incomplete repeatability of different rortions
of the loctaticn ot the come times Unless some acjustment is mede after
the incouplete record hss been extended by tiie ratio equation, estimctes
of total production ty the two methods would very for the same lactation.
The difference between the estizates would be the amount thal must be
added to cX to equal a+ bX. This difference is (b = e¢)(X - X) where b
represents the linear regression of total on part, ¢ the retio of total to
pert, end X and X represent part and average part productiones The differ—
ence (b - ¢) is nezative and largest (c>b) during the early (1-3) cumula-
tive months, least (c~b) during the center (4-6), and positive and small
during the longer (7-9) curulative perts (Madden et als 1559)s Total
production estimoted by the ratio method would have a tendency to over—
estimate for the high producers (X X) and underestimete for the low pro-
ducers (X<fi) during the first 3-4 months of the lectation. The increased
variability of estimated 1lO-month production from records of cone, two, and
three months duration was shown to be 12-47 per cent by the ratio method
as compared to the linear regression equation (Harvey 1956).

Geines (1927) exanined milk and fat percentasge dsta from the Guernsey
end Holstein Advanced Registries. He found that a one or two day test

conducted between the fourth and seventh month of the lactation best repre-



sented a cow's average total production for twelve menthss This conclusion
was based on a study of the correlaticns between the monthly and yearly fat
percentages which were the largest for the four middle months, ranzing from
76 = «80 and .82 = .83 for the one and two dey tects, respectivelye.

A similar conclusion wos drawn by Cannon et z2l. (1942) while working
with 400 Holstein records from the Iowa State College herd and 1,289 DeH.I.A.
lactation reports. Predicting factors (regression) for each month of a
10-month period were calculated from butterfat yield for a single day for
the two groups of data separately. Production predicted for ten months
from the fif'th month was considered the most accurete since it had the low—
est standard error of estimate, 43.8 and 45.6 for the college and D.H.I.A.
factors, respectively. Tests during the sixth month were the next most
accurate followed closely by the seventh and fourthe These findings of
Gaines and Cannon indicated that there is less accuracy in predicting a
cow's lactation yield from a single test in the initial and final months
than there is from a test in the middle portion of the lactatione

In view of Gaines' and Cannon's results, it seems logical that the
first 4-5 consecutive months production couldn't be less accurate than a
test of production for a single day as a means of predicting total pro—
duction. Kennedy and Seath's investigation (1942) of the value of incom
plete records as a basis for culling and progeny testing supports this
proposition. They found correlations between short-time and complete re-
cords of 305-days duration increased from an aversge of .62 for the first
to «78 by the end of the first four months of the first lactation. Records

of 80 Holsteins end 80 Jerseys having complete records for their first two



lactations in the Louisiena State University herd were used for their
analysise Rendel et ol. (1957) discovered that milk yields as short as
the first 70 days of the lactation were excellent guides to predicting
total production. High correlations («8) between records of that length
and total production were found in 3,109 production records of six main
dairy breeds in England and Wales. When Voelker (1957) extended current
two—year-old records in the South Dakota College herd, the correlations
between the actual 305-day and estimated yield from 1-9 months production

were «63, T4, o768, «85, ¢89, «92, G4, .95, and .99, respectively.

Cannon et gle. (1542) also computed ratio factors to estimate what a
cow would produce when only a portion of the lactation record was knowne
The predicting factors ranged in maonitude from 7.47 at the first month to
almost unity at the ninth. Differences were noted between the college and
D.H.I.A. values, especially during the first four monthse This was
probably due to differences in management end not separating the D.H.I.A.
data by breeds.

Gifford (1939) made an intensive study of correlations between indi-
vidual months of consecutive lactations with 2,600 pairs of records from
99 herds in Iowa Cow Testing Associations. He found that each month was
more closely correlated with the production of the other months in the
same lactation than with the production for the same month in a subsequent
lactation. This suggests that there are certain environmental factors in—
fluencing production duriﬁg ell or nearly all portions of a specific lec-
tation which are not constant from one lactation to the nexte The study

also indicated that short-time records of only a few months had a hizh



value as indicators of a cow's real producing ability. Real procucing
ability is a cow's capacity to produce under normal conditions.

The large genetic correlations (.9 or larger) between cumulative
part and complete milk and fat production found by Madden et al. (1955)
demonstrated that genetic factors influencing one portion of the lactation
also influenced all others as well. These results were derived from 599
records completed by 255 Holsteins in the Iowa State Colleze herd from
1940-52, Madden also studied the influence of age at freshening on the
part to whole relstionship by comparing ratio factors computed for dif-
ferent ages from actual cwamlative production. Two age groups were used,
records initiated before three years of age and those started after three
yearse This grouping procedure was determined from plotting average
monthly production for the various ages of freshening and noting a distinct
difference between the lactation curves of the cows under three years as
compared to those of cows over three years of age. DBecause the extension
factors were so dissimilar in the initial months, it was concluded that
separate factors were necessary for the two age groups at least for the
first 150 dayse The extrapolation factors for milk for the initial 30
days were 9.36 and 7.81 for the ages under fhree and over three years,
respectivelye The differences between the two sets of factors dirinished
as the lactation advanced. These findings demonstrated that young cows
start producing at a lower level than the older cows but do not decrease
in production as fast in the latter half of the lactation. Similar results
regarding young cows were noted in a later paper by Madden et al. (1956)

when retio factors were obtained from 6,495 Holstein HeI.Re records.



Kendrick (1955) investigated the influence of season and level of pro—
duction in addition to age at freshening by compiling ratio factors from
756 Ayrshire Herd Test records. Factors were compared for three age groups
(under 30 months, 31-44 months, and 45 months and older), two seasons
(April-Septerber, and October-liarch) and two levels of producticn. The
production levels were determined by the first 120 days production of each
lactation records Below everage production was designated "low" and above

. (1555) that

average "high." The dota supported findings of Madden et el

seperate factors would be necessary for different aces at freshening because

of the larger factors found for the younger cows. After the sixth month,
the fectors developed apparently wvere not affected by sesson of freshening
or level of production.

As a supplement to Kendriclk's sample of Ayrshire data, Horvey (1956)
obtained en additional 2,131 Herd Test records for stotistical analyeise
The cozbined 2,847 Ayrshire records were separstely analysed for three sje
groups, cows calving at 32 months or lecs, betucen 33-46 nonths, and 47
months of aze or older. Linear and guadretic eyustions were fitted to

.

the accumulated milk end fat production daota for ihe nine consecutive test

doyse  From the swsll differsnces between the multiple and csimple cor—
rel=tionsg, Horvey concluded thot the curvilinearity of the relationship

tetween pert to whole accunmlated production wes sznll when averazzd over

&

all hercee It is possibtle that herd differences hsve naclisd the true pie-
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dustion were considered 23 heoving possitle influ
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factors should be developede The 4,715 Holst

quency and level of pro-
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ence on how extencion

n HeIeRe records chudied

were grouped esccording to wilidng freguencics (Cx and 7x), ond e_e zroups

previously used in the ztudy at Ioua ((ladd

n et
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1. 1955). Lins-r and

guadratic regression eguations were fitted to the deta to deteruine the

influence of level of producticn on the pert to whole relationsiip. The

szall differences found tetwesn the simple ond multiple correlsiions indi-

cated that linear rezression =dequately described the relationship of

part to whcle cumulative production for high as well as low producing

cowse No significent differences were found between extension factors

for 2x and 3x frequencies. This suzzests that a similer reletionship is

prevalent betueen the incomplete and complete
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“~day production recard-

less of the number of times the cow is milized per day.
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1 - n
only 2 feuw months and the total yield (Rendel ei 21, 1077) end "toicl-

n

to=datc’ is roperted in most tecting progroms, production sccunmloted for
succzesivs tost doye instend of production for individuel test day we
used to predict 305-doy producticn. Iy veing sccumulated production, the
effect of eny environmental factor influencinz the yicld of zny one test
doy would be dilutzd and have an opportunity to te cancclled if {the in-
fluence were rondom from menth to monthe FProduction on test daoy ic con-
verted to cumulotive-to-date production bty rmultiplyins by 30.5, the
averags number of deys in a month.
Lactation number as uell as herd, sesson, and age diffcrences were
concidered as possible important influences ca how extension fachors
should te compuitede From previous studies with Ayrchire Herd Test records
(Kendrick 1025; Hervey 1956) and Holstein Hard Iuprovewent Records
(Madden et els 1959), it wes sugzested thot seporate extensicn faciors
should be developed for differsnt seascns and azes of freshening. This
wes ccnsidered necessary becaucse of climatic chonges end production
haractcristics of the youncer cows reflected a different part to whole re-
lationship when factors were devslopsd and compared for different seasons
and agese
Tée question, can partisl reccords of cows freshening for the second

time be sccurately extended if tregated in the same manner as those
freshening for the first time at the szme age, hos not been exomined pre-
vicuslys The first, second, end third lactetiocns of the Guernsey and

Holstein data were plotted separately with aze of calving along the

abtscissa and number of records slong the ordinate in Figures 1 and 2.
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The first lactation curve intercepts the second lactation curve at 35
months of age. The second lactation curve intercepts the third at 47-48
months. Similar charecteristics were observed by Madden et al. (1959)
with Holstein data. They assumed since about proportional percentazes

of first lactations were initiasted after 36 months (107%) as second lac~
tations prior to 36 months (12%) and the most important production infor—
mation was lost in first lactations, a division of ages into under-three-
years and over—-three-years was sufficient. To answer the question of the
effect of early and late first calving on the part to whole relationship,
it was necessary to make further refinements in grouping the date by eages.

In order to consider the postulated envirommental influences, the
data were grouped by two G-month seasons of freshening, three lactation
numbers, and eight ages. The two scasons were used to measure a menageuent
gystem of dry roughage feeding (October-March) end pasturing (April-
September) as well as climetic conditions in Michigan. A similar group-
ing was used by Kendrick (1955).

Since the need for extending first lactations is the most important,
it would be logical to group them separstely, but there was no assurance
that all subsequent lactations could be treated as a single group. Con-
sequently, the first two lactations were individually separated from all
others. This grouping also facilitated determining if possible the signi-
ficaence of early and late first calving on the part to whole relationship.
The majority of records falling in the third lactation group would likely
be from mature cows if the records were plotted by age.

The age groups were divided by 6month intervals, but all records
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initiated at less than 24 months were in a single group and all S0 months
or over in another.

MEASURE OF RELATIONSHIP

Linear regression coefficients within herds, seasons, lactations, and
ages were used as the variable measuring the relationship between the pro -
duction for the cumulative part and the complete ten test dayse. A&ll re-
cords in the same herd having the some lactaticn number, sesson and age of
freshening would be exposed to similar environmental conditionse. Eecause
the hereditary relationsuip between the part and whole production has been
found to be close to 1 (Madden et al. 1955), the hereditary differences in
production should not change the part to whole relationship. A&ny variation
between the intra—herd coefficients for the various season, lactation num—
ber, and age groups would reflect the significance of the environmental
agents under consideratione Although it was a more cumbersome statistic
with which to work, the regression coefficients were used instead of
ratios because it was decided to develop regression factors after deter-
mining which environmental agents were important. Regression factors will
ad just for incomplete repeatability of different portions of the lactation
at the same time the incomplete record is extended.

At least two observations were necessary to fit a regression line by
"least squares" to each intra-herd, -season, -lactation, age group; there-
fore, all records not meeting the requirement were eliminated from the
studye The number of usable records remaining within the four breeds

were 8,993 Holstein, 1,457 Guernsey, 651 Jersey, and 319 Brown Swiss. The

linear regression coefficients were then calculated to the nearest one
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hundredth of a pound for each intra-herd, -season, -lactation, -age group
separately for the nine cumulative test dayse

DETERVINING INFLUENCE OF SZASCH

To acertein if season of freshening should be considered in computing
predicting factors, analyses of variance were performed on the first,
third, and seventh cunmulative test days of the Holstein data. The re-
gression coefficient within each herd, season, lactation, and age group
was used as the observed variables Only three test days were enalysed
because previous investigations (Harvey 1956; Madden et gl /9) had
shown the correlations betwecn cumulative part end the complete lactation
were least for the first month and increacsed progressively as the lac-
tation continuede These correlations were all .9 by the fourth monthe.
The three test days anslysed were the most convenient to process and yet
nmariked ths low, middle, and hizh correlations previcusly found.

DETIRITINING INFLUEICI CF AGE NTD LACTATICH

To determine hew azes and lactation numbers should be grouped or
separated, unweishted means of the inire-herd regressicn ccelfficients

for azes within the three lactation groups were scrutinized for the saus

($]

three test doye utilized in the anrlysis of ssason.

CCIPUTING EXTICICN FACTCR3

Extension factors were computed as the evera~e r:ozression ccefficient

eges for each cuwwlotive test doyre

@
+
e
O
3
Q
-
%)
3
2,

witlhiin herds, seasons, lac
The regression coefficients derived fluctuoted quite radically frou one

nonth to the nexzt in cll treede except Holsteins. Wei

ent in the averasse by the nuaber of records included reduczd the varia



from month to month, and the weighted aversze

extension fector.
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coefficient was taken es the
rd



RESULTS AI'D LISCUSSION

}ASURS OF RILATIONSHIP

Linear regression coefficients within herds, seasons, lactaticn mum-
bers, and ages were utilized to measure the relationship between pro-
duction during parts of the lactation and complete production for ten
test days. Young cows begin their lactation at a relatively low level of
production and decline gradually efter reaching their peak production. In
contrast, older cows have a higher initial end peak production and decline
quite repidly as the lectation edvences. The question naturally arisecs is
the part to whole relationship on a cumulative production bosis more ac-
curately described by curvilinear regression rather than linear regression.
Eoth Harvey (1956) and Madden et al. (1959) have demonstrated that the
curvilinearity of cumulative part to whole production was slight when
averaged over all herds. This was done by fitting linezar and quadratic
equations to the data separetely and comparing the simple and multiple
correlations. The differences were found to be small for both Ayrshire
and Holstein records. The curvilinearity of cumulative part to whole
production on an intra-herd basis of the present data was not determined.
Linearity was assuced for the present investigation.

The regression coefficients within herd, seasom, lactation, and age
for total production on the amount for the first test day assumed a wide
range of positive and negative quantities. But, as additionel production
informetion was added in succeeding test periods, the variation in the re-

gression coefficients for subsequent test days decreased and the frequency

of negative values was reduced.

-17 -
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DMFLUTCE OF SSASCY

The structure of the analysis of variance prepared to determine the
impeortarnice of season on the relationship betueen the part and complete
lactation is presented in Table l. The significance cf the analysis is
weaiened by a2ll herds not having preportional numbers of cows freshening
in both seasons. Consequently, if the Mean Syusre for interaction (Herd
X Sesson) is used to test the simmificence of the variztion attributed
to herds and seasons, the prcbabilities will be inexact and indicate
trends rather than precicse diflerencess An analysis of a proportionsl
group of obcecervations would be more conclusive in answering the quection
of seasonal influence on the part to whole relstionship, but these do not
occure

Variation due to season was significant for the first test day of
fat production exclusively. Highly significaunt herd differences ware
noted for the first test day of milk production. Herd, season inter-
actions were highly sigrnificant for the first test day of fat, and for the
seven cumulated test deys of milk and fat. Significant differences in
fat production due to season; especially for the first test day, would
be expected since a direct relationship of season of the year and per cent
of butterfat has been found rezgaerdless of the stage of lactation (Becker and
Armold 1935; iylie 1923). The lowest fat test usually occurs during June-
July eand the pezk test in December-January. Becoause the smallest per-
centage of incomplete records are terminated in the first month of the
lectation (Voelker 1957) and the sedsonal effect for the first month is

expected, season was not considered an important environmental factor



Tocble 1, ANVALYSIS CF VATRIATICZN TN RUSRISSICN CCEFRICICNTS FCR HISZS
4D SILCUNS - Holctiein

Test Doy Scurce CF Sl Fot
weoan Ggunre ileom Sguare
TOt&l ’\6A8
Betwesn Jensons 1 476 oG
1 Pstuzen Herds 6%4 1510** 255 r-i
Herd X Sesscn ° 421 1385 Bl -
Residual 1642 1208 01 b
Totzl 2AC8
Zatweon dzocous 1 eC cl
3 Dctucen Horts 654 e8 &0
Herd X Scmcon © L2y 77 €9
Recidusol 1642 114 &9
Tctnl 2598
Betwoen Seosons 1 30 Lo
7 Bctwesn Herds 634 25 11
H.rd X Szcagon © Lol 3% * 10F*
Qzsidval 1642 13 12
*P <L .05 **P < W01 due Yo disproporiicunlity lees are opproni-
wetions
&
94 nherds Niod reccerds La the Cete-lliore goazom exclucivaly; 110 liris
Izd records ia the dpre-Oeote seczon encliucively,



influencing the relationship between the part and whole lactation.

INFLUZNCE OF AZE AND LACTATION

The unweighted average regression coefficients of total on part lac-
tation for couws of the same aze in the same lactation for the Holstein
data are presented in Table 2. No distinct pattern was observed where
eges differed within or between lactation groups. The numter of coef-
ficients determining averages for the 30-35 and 36-41 age groups of the
first and second lectations were the most nearly proportionale Yet the
relationship between the age coefficients for a given month wes not con-
sistent for the three days analysed.

A compsrison of records initiated before and after 36 months of age
for the firet and second lactations showed less overlapping of the two
lactations than reported by Madden et al. (1959). Only 7.0 per cent of
the first lactation records were initiated after 36 months and 5.2 per
cent prior to 36 months for the second lactations. Upon these findings,
age and lactation number were ignored and regressions were averaged over
all gzges and lactations within each breed.

Probatly a mors adequate evaluation of the age, lactation influences
could have been obtained with en analysis of variance by testing the dif-
ferences between lactation numters having records in the sesme age groups.
Following this the data could be regrouped accordingly; i.e. if there
was no difference between lactation numbers for the same ages, the lac-
tations could be combinede Then the agzes could be tested with Duncan's

Multiple Renge Test to determine where they should be separasted.

UITWEIGHTED EXTENSICN FACTCRS

Extension factors bassd on cumulative production would be expectecd



TAZLE 2. UNWZIGETZID AVEZRAGE REGRE3ZICN CCEFFICIZITS FOR AGZS
AD LACTATION GRCUPS - Holstein
Aze Group
Test Lact. .
Day  Group -_o4  24-29 30-35 3641 Lo-47 4853 sh-50  £of
(No. of Coefficients)
1 £3 493 318 67 12 - - -
2 - 1 33 284 206 48 9 4
3 - - 1 5 27 193 176 769
(Lbs. of Milk)
1 5.55 6.63 6.33 4,05 6.89 - - —
l 2 —— "'061 5.55 4090 4017 601“'6 14.62 -79044
5 —— —— 27.54 20.98 4.20 6027 4082 4075
1 -.49 1.89 2.93 2.56 2.60 - - -
3 2 - -.56 3.47 2,34 2.27 1.51 2,04  4.09
3 - —_— 2.13 L,s7 4,93 1.60 2.64 1.85
1 1.210 1.49 1055 1019 10&5 - — -
7 2 _— 2.8 1.09 1.15 1.43 .89 .1 1.50
5 === === 0821-‘ lohg 1077 1-19 1.12 1.48
(Lbs. of Fot)
1 5.42 .20 3.65 €.36 3.2 - - _
1 2 —_— A1 7.8 2.83 %.50 .20 -1.04 1.12
5 - === 120-:5 _6o61+ 3.81} 1.10 5.;2 2.6?
1 1.84 .08 2.5% 2.64 2.23 - - -
z 2 - .61 3.79 1.5 1.14  -1.18 1.79 L.77
3 _— _— 2.1 -2.16 1.97 2.33  Z..5 1.63
7 1 1.18 1.37 1.21 1.25 73 - -- -
2 -—=  =11.%50 JBU 1.92 Al 1.24 1.56 1.72
3 - - 1.23 -2.85 -1.%6 1.34 .97 1.27




systematically to epprosch unity as the lactstion progressed. The aversge
intre-herd factors computed did not exhibtit this characteristic except for
the Holsteins. The observed fluctuation from one test dey to the next
could possibly be explained by the use of intra-herd regression coefficients
as a measure of relastionship and the relatively smell numbers of records
controlling their value. Regression coefficients produced by the minimum
of only two records falling in a single herd, season, lactation, age group
could easily change the differences between ezch other in their part to
whole relationship from one month to the next. Consequently, if there

were sufficient numbers of coefficients of this nsture, the changing rele-
tionship would be reflected in the unweighted averages. When the data

were scrutinized, it was found thst 45-55 per cent of the intra—herd re-
gression coefficients were the products of two observstions. The number

of intre-herd, -season, —lactation, —age rezression coefficients for the
four breeds were: 2,699 Holstein, 440 Guernsey, 208 Jersey, and 98 Erown
Swisss. The number of regrescions might seem sufficient to average out much
of the random variation smong the coefficients, but the results indicate
thst the variation among individual regressions wes so large and the

nucter of regressions per subclass was so swmell thet sampling varistion
caused the average coefficients to fluctuate widely.

WEIGETED EXTLNSION FACTCES

When each intra-herd, =sesson, —~lactation, —ege regression coefficient
was weighted bty the number of records controlling its value, the trends in
the average regression coefficients were smoothed out to a considerasble

extent. By weighting in this menner, the aversge regression coefficients



were determined more by the regressions fitted tc m-ny reccrds within a
single herd, secson, loctetion, sze group and the corresponding coef-
ficierts have less tendency to deviate excescively freom one test oy to
the next. The weichted intra-herd extensicn foctors (b) ere prarcsuted
in Tatles 3-6.

& pore accurate method of weizbting would have teen to weight each
intra-herd, season, lcctetion, z-e coefficisnt Ly the inverse of its
variance. Coefficients with the least variztion would thercfore be [iven
uore velue in delerrining the average coefficient.

AUVIEM 3T TIZT DAY PRODUSTION

B I )

leane (A) ond stenderd deviztions (o) of cunulctive test dzy nro-

o)

<

duction for the four treeds are elso presented in Totles 3-6. Difforences
tetwean herds snd cows erz includad in tlece valuese The averers

veriztion wse logs for the sw-ller treeds (Suemcey ond Jiresw) then the

M cia DA PR ] IR o \ m IR 2 .- L. L2,

lar;sr breeds (Eclstcin gl Crovm Suicgje Tre werieslion in cumlzti-e
3~ 3 - - S 4+ . 4 . ) N~

production incre-ced ot g decroosing rete for ell Lruodco,

in Totle 7o Thoy congsre quite clecely with thcee voportold in the litovoiuvr:.
The Hilstedin end 3Srowm Suiss correlzlions are varyr clossly awctched onl zie

% leczt o8 Ly the fourth wonthe The Guermzor ond Jorrar omro oinil-r Lo

2cch cthor ond cldhoush Taivs lovar in the initicl etzge of A2 1l-clclion
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my. - Lo 4 N 2 S -~ $ e ~ . T 0n, >
The Foloiein iutor-liord (2 - totcl reoreccion ioucriac hor? Cilfironces
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TABLE 3. FRZGRISSICN FACTCRS FOR EXTZNTING CUIULATIVE TIST DAY
PRODUCTICN TO A 305-DAY BASIS - Holstein*

Test Day A a B b c

(Lbs. of Milk)

1 5044 12,3 5.09 5.19 7.63
2 100.4 23.8 2.91 2.62 3.83
3 146.4 33,4 2.11 2.15 2.63
4 188.9 43.8 1.72 1.69 2.04
5 228.5 52,3 1.47 1.61 1.68
6 2655 60.0 1.31 1.37 1.45
7 30043 67.0 1.20 1.31 1.28
8 332,5 73.0 1.11 1.19 1.16
9 361.2 78.1 1.05 1.11 1.07
10 384.7 82.0 1.00 1.00 1.00
(Lbs. of Fat)
1 1.95 <59 4,04 3.32 7.12
2 3470 1.00 2.54 242 3.75
3 5.30 1.36 1.96 1.89 2.62
4 6.78 1.64 1.64 1.77 2.05
5 8.17 1.96 1.44 1.51 1.70
6 9.49 2,22 1.30 1.43 1.46
7 10.73 2.46 1.19 1.28 1.29
8 11.91 2.67 1.11 1.15 1.17
9 12.98 2.86 1.05 1.08 1.07
10 13.88 3.00 1.00 1.00 1.00
* A is cumulative test day production

a is the standard deviation of cumulative test day production
B is the inter-herd regression of whole on cumulative part production
b is the intra-herd regression of whole on cumulative part production

¢ i1s the ratio of whole to cummlative part production
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TABLE 4, REGRISSION FACTORS FCR EXTZIDING CULULATIVZI TZST DAY
PRCCUCTION TO A 305-DAY PASIS - Guernsey™

Test Day A a 2 b c

(Lbs. of Milk)

1 37.1 8.5 4,79 3.30 7.19
2 72.8 16.4 2.79 2.05 2.66
3 105.0 23.5 2.05 2.08 2.54
4 134.2 50.0 1.67 2.01 1.99
5 161.0 35.8 1.45 1.42 1.66
6 185.9 41.0 1.30 1.01 1.43
7 209.3 SeT 1.19 1.30 1.27
8 231.0 49.8 1.12 1.19 1.15
9 250.4 53.3 1.06 1.08 1.07
10 26647 S€e7 1.C0 1.00 1.00
(Lbss cf Fat)

1 1.72 A48 3.97 2.97 7.40
2 3.32 <83 2.51 2.12 5.323
3 4,79 1.13 1.96 2,54 2.66
4 6.16 1.41 1.65 1.63 2.07
5 7.44 1.66 1.45 1.77 1.71
6 8.66 1.38 1.321 1.20 1.47
7 9.20 2.10 l.21 1.15 1.30
8 10.90 2,29 1.12 1.20 1.17
9 11.88 2.47 1.06 1.11 1.07

10 12.75 2.64 1.CC 1.C 1.00

* A is cuulciive test dey production

a is the stondard devistion of cumwlative tezt day production

B is the inter-herd re;rccsion of whele on cunuletive port prodvetionm

b i3 the intra-herd re-resciom of wihole on cunuletive part production
c is the raotio of whcle to cumulative part production
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TAZLE 5, RISDISITICN FALCTCR3 FCR DUTTTINZ CUIULATIVI TICT TAU
POCTUCTICN TC & 305-DAY DMIIS - Joiser™
Test Day 4\ 2. 3 b c
(Luce of Milu)
1 30,4 7.7 4.75 3.51 7.14
2 :F.O 1‘!‘}.5’ 2.‘?0 10;8 3-64
z ~0.1 22.5 2.C9 2.C7 2.5
4 117.3 243 1.71 1.69 1.58
5 1%:0.3 ZleD 1.42 1.27 1.74
5 171.9 25,9 1.2 1.29 1.44
7 °2.1 3.2 1.20 1.01 22
o) 201.0 47,9 1.12 1.1 1.16
9‘ :19. [‘1’701 1006 1005 1.\;[
12 252.7 ~0.0 1.00 1.00 $ 0

1.40 L5 4,02 2.18 7.61

1

2 3,14 .2 2.4 “.Ar« .88
3 Y 1.09 2,04 1.7k 2.66
L 5.89 1.3 1.69 1.70 2,07
5 7.11 1.41 1..8 2,74 1.71

r

*

[@e]

=

.

=
~

i.48 1.30

3 ) 1.85 1.2
7 9056 “~e 7 1.21
8 10.40 2.25 1.12 1.27 1.17
9 11.34 2,42 1.06 1.1z 1.2
10 12.17 2.58 1.2C 1.C0 1.C
* A is cuzulative tect doy production
a 1s the standard deviation of cmuuletive test day preduction
B is the inter-terd regressicn of wicle on cumulslive port productica
b is the iutra-herd regreseion of whele on cuuulative pert production

(o]
l._lc
Q
o+
oy
(1

ratio of whole to cumuletive part production






TATLE 6. DIZAZEOICT FAOTCRE FCR CUTEHTING JTMIULATIVI TIIT DAT
TRCCUCTION 7C A ZC3-DAY IASIS - Zrowm Suiss
Tact Day A a B b c
(Lvs. of 2ill)

1 2.5 11.2 5.11 L.03 7.7%
2 27.8 22.2 2.8 3.47 3.90
% 25.9 31.7 2.07 1.66 2.45
4 173.2 0.3 1.69 1.37 2.05
6 270.7 5.1 1.70 1.08 1.45
7 250.5 £1.3 1.19 1.29 1.28
8 2e8,2 £6.4 1.12 1.1 1.1%
) 313.1 70.9 1.06 1.07 1.C7
10 z2zh.2 75.2 1.C0 1.C0 1.00

|t o e

—

OO0 O~N O\

1072 053
3.34 32
4,85 1.29
£.29 1.41
7.65 :.91
8.01 2.13
1C.12 245
11.25 .66
12.28 o U

2.85
13.19 3,04

o\ O OZ\1

el =l SANY
L]
NI~ 0

S
L] L] »
AN ol )]
~ O

1.14
1.00

T.67

55
2.71
2.09
1.75

1.48
1.7C
1.17
1.07
1.00

*»
] -

ts

is

is

is

is

cucuilative test day producticn

the stondard deviation of cumulative test day production

the inter-herd regression of whole on cumulative part production

the intra-lierd regressicn of whole on cumulative part producticn

the revio of wrole to cumulative part production



TALE 7. CCRIZ

ATICNS BOTWIIN "UEUL.TIV“ TZ3T DAY &AUC TCTAL
PECDUCTIC

) h- wT‘\:'D ~D M:a CF :J‘.. ;:Q:E *

Test Doy Breed
Holstzin Brovm S3wics Guerncer Jercey
r e r e r e r e

(Lbee of 11%)

1 .76 1.1 .76 57.1 .72 4h 1 73 28
2 .85 L4a,o .22 Le,o .81 35,2 .81 =1
;‘ 088 h?ol 087 hl.g -85 5106 086 26
l!‘ o’\2 5503 .91 5/0‘— 9 27.8 089 25
5 S 3009 53 25.8 .01 2k.1 52 20
6 .96 25,7 «05 24,6 ok 20.3 Sk 17
7 .08 18.6 97 19.1 6 14.1 .9 13
8 K ols) 14.8 59 13.3 .8 11.2 .58 9
S 1.00 7.1 1.00 7.2 59 5¢9 1.00 5
{(Lts. of Fat)

1 77 2.6 .76 2.6 .70 2.4 .71 2
2 J8h 2.0 o8 2.0 «75 2.0 21 1
3 80 1.6 .83 1.6 o2k 1.6 87 1
4 32 1.4 .5l 1.4 .88 1.4 elo] 1
5 oGh 1.2 G4 1.2 .51 1.2 .92 1
6 96 1.0 oG6é 1.0 b 1.0 .95

7 097 08 097 07 096 08 097

8 elo) o5 99 .5 .58 5 .58

9 1.00 o3 1.00 o> .59 o3 Rele

O Ui o\ O

N N\t

N\ N O = \N Ul (o I~

r is correlation i;norinz herd, sesson, lszctation end age differences

e is stondard error of estimate irncrine herd, season, lactzation and
age differences



emed D
C.‘C';’rq ier

ors

-~
BECAVIN

n

+
PO ey

iat

RN T

.
3
P

A
p]

-~ ~ - A Y
e correspond

.

T

Vase

-~ .

Rades)

1h the

.
L

ar

ts of e

on
[

4,
(%Y

L 3 A
v

ori

ilk

[9]

nontly,

vonsegu

-~

)

¢l o0 ¢

~rctic

er i

o

necescary

it wmcy not Lle

[+
e}
a!

urscv

.

c.C¢C

PR Y

.

oty

.

aC..leve

to



APPLICATICY CF ZXTITTICH FACTONS

The zeneral regression equaticn is more reedily undeorstanda2tle for

a9

nredicting will and fab sreduction frow on inconplets record when in Ule

. — >\
forut =Y 4 +w(X- X
A
Zotincted production (Y) is a fumction of the sveracs ton monih producticn

(¥) acded to the product ol the cxicension fector (b) times the diffcrencs

betueen the incomplete producticn record (&) and ¢

Fal

for a sizilar lenztl of loctation (W)

hhdas henkenl 7"*"\?\ AT
ok L LI S et

Tolle 3, the overage folztein milk producticn for four tect doys (&4) is

“en morth avercze procduction (ﬁlg) is

I
Q
3
t
30
6]

(]
=
O
£
o
o+
‘J
O
3
o
w
E.
)
[}
N
-4

e

-

c
-
W

~

32L.,7 times 7045 or 11,723.35 lise of milks OSubstituting these volues
into the predicting equation alove and usiag the epprepricte inter-hord
extensicn factor (2) frea Tsile 3, 11,722.35 (?) plus 1.72 (34 tiucs
,000 (i) minus 5,741.45 (X) equels 10,425,686 1bse of milk the estinntod

- N
05-day procduction (1)

\N

TUTRA-EZRD FACTCRS

The ten month lactaticn herd average will te aveiloble 1o the doiryer

—

Trem his znmual herd swaery repord, but it is net lilkely that he will lmow

- 30 -



31

c+
Ty
[¢]
3
N
4
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2onthly cumuletive profucticn for tre other nine wontlis of ke
loctotion for Liis herde "This con Le estinated Ly usiuz the ¢ valucs pre-

¢d in Toliles 3-4 ond his ten nmenth leciabion herd avera

reprecents the ratio of ten menth production to aver-ze cumulative
3

renthly preductiones It moy te expressed as: cw % . 3ince ¢ end
b4

Y ars 'moum gquantilies, { cen be coumputed by dividing the ton nenth loc-
A

. . - - .
totion herd average by the epprcpriate ¢ valuej i.e. s - e The csti-

mate of X essumes thab any herd has a similar relaticnsiip cf cuuulative
part to whole ten mcnth production as the treed average.

For an exauzple of practical spplication,assume an estimate of 705-
doy n2ilic production is desired for a Holstein cow having produced 5,020
luse in four months of an incomplete record in a herd with a 10,020 1b.
205day herd avera~e. From Teble 3, 10,000 (Z) divided by 2.04 (¢) equals
en estinated four month lectation herd average of 4,901.95 1 ( )
Susctitutings theece volues into the predicting equetion and using the ap-
propriate intra-herd extension factor (b) frem Table 3, 10,000 (?) added
to 1.569 (by) times the differcnce between 5,000 (X) and 4,501.95 (X)

A

equals 10,145.69 ltse of milk the estinnted 305~dey production (Y)
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Cumulative test day production for milk and fet from 11,420 lichizen
D.HeleAs = IZI records for the periocd 1953 to July 1957 vere analysed and
used to derive regression factors for extending a partial record to a
305-day basise The data included 8,995 Holstein, 1,457 Guernsey, 651
Jersey , and 319 Browm Swiss records.

Linear regression coefficients were used as tihe variable measuring
the relationship between cumulative producticn on test day and the sum
of the irst ten test days. The regression coefficients were calculeted
within each herd, season, lactation, and age group. &nalyses of variance
and visual inspection of the milk and fat regression coefficients for the
first, third, and seventh curulative months of the Holstein data were used
to determine the importance of season, lactation, and age on the part to
whole relationship. From these techniques, season was not considered an
important influence for the present study. Visuael inspection of the mean
age coefficients within lactation numbers failed to reveal where the groups
should be separated or combined; consequently, the data were grouped as a
whole within each breed.

Intra~herd extension factors were computed as the weighted average
regrescsion coefficient within herds, seasons, lactations, and ages for
each of the nine cumulative test days. Each regression coefficient in-
cluded in the average was weighted by the number of records determining
its value. For comparison, inter-herd extension factors were also derived
disregarding herd, season, lactation, and age effects. Although the inter

and intra-herd factors vere not tested for significence, the marked

_59_



similarity between the Holstein factors suggests that herd has little or
no influence on the part to whole relationship.

Correlations between cumulative part and 305-day production averaged
over all herds, seasons, lactations, and szes were not less than .7 for
the first month, increa;ed steadily as the lactation progzressed; end were
«9 by the fifth test dey for 211 breeds. This supports the literature that
suggests production records of only one or two months are valuable guides
to what a cow will produce in that lactation. Furthermore, extension of

such records to a 305-day basis would be useful tools in early culling and

progeny testinge.
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