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SUMMARY 

Milk production on test day from 6,715 Holstein-Friesian t t I R  2 × and 3 × records 
during 1952-54 was studied, to determine the relations between production for single 
months and cunmlative production, and to develop factors for extending' par t  production 
to a 305-day basis. 

Correlations between milk produced on test days were largest  for adjacent  months 
and ranged from .38 to .89 for 2 × -- cows under 3 yr. ;  from .23 to .88 for 2 × --  3 yr. 
and over; from .39 to .89 for 3 × -- under 3 yr., and from .21 to .88 for 3 × -- 3yr. and 
over. 

Correlations between nlilk production on test day, and the sum of nlilk produced 
on ten test days, ranged from .71 to .93, were higher for the young cows, were similar 
for different milking frequencies in the same age group, and were highest during the 
4th to 7th too. The regressions of the sum of production for ten test days on single 
test-day production had relationships similar to the corresponding correlations. 

Factors  developed from the rat io of total  to cumulative par t  production, and 
from the regression of total  on par t  production, are presented. The rat io method may 
underestimate total  production of low-producing cows and overestimate total  produc- 
tio~ of high-producing cows, since the rat io method corrects only for the incomplete- 
hess of the lactat ion and does not take into account the incomplete repeatabi l i ty  of 
the par ts  of the lactation, which is a pa r t  of the regression method. This difference 
is largest during the early months. 

Biased  eva lua t ion  of a s i r e ' s  t r a n s m i t t i n g  a b i l i t y  m a y  re su l t  f rom the selec- 

t ion  of d a u g h t e r s  a n d / o r  t he i r  records .  P r o g r a m s  for  p r o v i n g  s i res  a l low d a i r y -  
men to d e t e r m i n e  at  an  ea r ly  s tage  in l a c t a t i on  those cows which  are  unsa t i s f ac -  

t o r y  p roduce r s ,  and  to remove these f rom the i r  herds ,  in  o r d e r  not  to lower  the  

ave rage  p r o d u c t i o n  of a s i t e ' s  daugh te r s .  I f  this  p r o c e d u r e  is common,  and  

since i n j u r y  a n d  disease cause cows to leave he rds  p r i o r  to comple t ion  of lac ta-  

t ions,  p e r h a p s  some use should  be made  of i n f o r m a t i o n  ava i l ab le  in  p a r t  l ac ta -  

t ions,  which  is not  be ing  u t i l ized .  
Assoc ia t ions  be tween  m i l k  p r o d u c t i o n  a t  va r ious  s tages  in  l ac t a t i on  have  

led  worke r s  (1, 4) to sugges t  t h a t  c e r t a i n  pe r iods  of the  l a c t a t i o n  m a y  be more  

i nd i ca t i ve  of p r o d u c t i o n  fo r  the  en t i r e  l a c t a t i on  t h a n  a r e  o ther  per iods .  Seve ra l  

worke r s  have deve loped  fac to r s  for  p r e d i c t i n g  to ta l  (305- or  365-day)  p roduc -  

t ion  f rom s ingle  tes ts  or c u m u l a t i v e  p a r t s  of l a c t a t i ons  (1, 5, 6, 9, 10).  F e w  
worker s  (6, 9, 10) have  i n c l u d e d  age as an inf luence r e q u i r i n g  j o i n t  cons idera t ion ,  

a l t h o u g h  the re  has been genera l  a g r e e m e n t  for  m a n y  yea r s  tha t  y o u n g e r  cows 

are  more  pe r s i s t en t ,  bu t  w i th  lower  m a x i m u m  p roduc t i on ,  t h a n  o lde r  cows. 
Re la t i ons  be tween  s ingle  t e s t -day  mi lk  p r o d u c t i o n  and  be tween c umula t i ve  
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par t  and total milk production were measured in this study. Factors  were de- 
veloped for  extending incomplete production records to a 305-day basis. Age, 
milking frequency, and level of product ion were considered as influences which 
might affect the predietion factors obtained. 

DATA AND 5 [ E T t t O D S  USED 

Monthly milk production recorded dur ing 1952-54 for Holstein-Friesian Herd  
Improvement  Registry ( H I R )  cows ~ thro'ughout the ~L'nited States was utilized. 
The first ten tests were used f rom lactations which had production recorded 
for at least ten different test days. Laetations with the same milking frequency 
(2 × or 3 ×)  throughout  were utilized. Previous work (9) indicated that  two 
age groups should be considered; namely, lactations which were initiated pr ior  
to 3 yr. of age and lactations initiated at 3 yr. and older. These same age groups 
have been used in the present  s tudy for several reasons: (I) When average 
monthly test-day production for year  of age was plotted, the lactation curves for  
one- and two-year-olds were parallel, the curves for  three-, four-, five-, and six- 
year-okls were parallel,  but differed f rom the younger  ages (one and two) by 
achieving a larger  maximum but declining more rapidly,  the curves crossing at 
about t) too. ill production. (2) Average product ion on first test day for monthly  
age groups through 6 yr. of age differed significantly, and tests by Duncan ' s  Mul- 
tiple Range lest (3) indicated means for ages under  3 yr. ; and means for ages 3 yr. 
and older did not differ within groupings, i.e., over lapping within groups oc- 
curred, but overlapped between groupings only at 35 and 37 too. of age. (3) When 
3,930 Michigan D H I A - I B M  Holstein records (8) were plotted by lactation 
number  and age at freshening through 50 too. of age (with age in months as the 
abscissa and per  cent freshening at a given age for each lactation nmnber  as the 
ordinate) ,  tin'yes of the first and second lactation crossed between 35 and 36 too. 
of age, and eurres  of the second and third lactation crossed between 47 and 48 
too. of age. That is, between 35 and 36 too. of age the per  cent of first lactations 
initiated was apl)roximately equal to the per cent of lactations initiated. 
Tweh'e per cent of the second lactations were initiated prior  to 36 too. and 10~. 
of the first lactations were initiated a f te r  35 too. Similar  reasoning applies to the 
second and third lactations. Since H I R  lactations would not be expected to s tar t  
at an earlier age than D H I A  lactations, and since the most impor tan t  information 
lost per tains  to incomplete first lactations, it seemed snffieient to proceed with the 
two age groups (under  3 yr., and 3 yr. and over).  

RES~:LTS .X-','~) mSCUSS~OX 

Tile number  of lactations sat isfying the above conditions are presented (in 
Table 1), with the corresponding average product ion on various test days. Ap- 
proximate ly  equal average production for  tile young and older groups is noted 
at the 9th too.. with the young cows exceeding the older cows at the 10th too. 
Somewhat more var iabi l i ty  is in the '" under  3 "  group than in the " 3  and o v e r "  
group and in the 3 × than in the 2 ×. Curves of average monthly  production 

-~ T h e s e  d a t a  w e r e  p r o v i d e d  b y  t h e  } l o l s t e i n - F r i e s i a n  A s s o c i a t i o n  o f  A m e r i e a ,  ~ r a t t l e b o r o ,  
V e r m o n t .  
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T A B L E  1 

Average  tes t -day  mi lk  produc t ion  ~ 
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Milk ing  f requency  2 × 3 × 

Age Under  3 yr. 3 yr. and  over Under  3 yr. 3 yr. and  over 

No. records 1,662 4,037 254 762 

Test  day  (lb.) 
1 41.3 56.7 46.3 59.1 
2 42.0 57.0 47.0 61.5 
3 39.3 52.4 45.0 57.5 
4 37.1 47.6 42.9 52.5 
5 35.3 43.6 40.9 48.5 
6 33.7 40.0 39.6 45.2 
7 32.3 36.9 38.5 42.1 
8 30.6 33.3 36.4 38.6 
9 28.4 29.3 34.4 34.7 

10 2'5.3 24.2 31.1 30.5 
Ranges  of s tand-  

a rd  errors  .19 to .21 .15 to .18 .53 to .59 .36 to .46 

a Average  mi lk  procluction for  a t e s t  day  mul t ip l i ed  by 30.5 es t imates  month ly  product ion .  
The sum of the ten month ly  values  es t imates  mi lk  produc t ion  for  305 days.  

for 2 X and 3 × for the same age appear  parallel,  with the 3 × product ion larger  
than 2 × production. Since these curves are parallel, the same factors might  
be useful for  extending 2 x and 3 × lactatio'ns; i.e., perhaps  milking frequency 
is not an impor tan t  factor  to consider. 

Single test-day relations. Milk produced each single test day is correlated 
with the amount  produced every other test day for  the two milking frequencies 
and two age groups in Table 2. As expected, adjacent  months are correlated 
mote closely than nonadjacent  months. In  general, these correlations are higher 
for the " u n d e r  3 "  than the " 3  and o v e r "  groups, with only small differences 
between frequencies of milking. The lowest correlations between adjacent  months 
appear  between first and second, i l lustrat ing the increased var iabi l i ty  of produc- 
tion on first test day, due in pa r t  to the vary ing  stage of lactation at first test. 
Since these reco'rds were computed on a calender-month basis, it was not possible 
to ascertain average days in production a t t r ibuted to first test day. Michigan 
D H I A - I B M  Holstein data (8) averaged 33.5 days for first test period, ranging 
f rom 4 to 56 days. 

In  order to ascertain which single test days are most closely associated with 
total  production, correlations between single test-day milk product ion and the 
sum o'f milk product ion for  the ten test days were computed. These correlations 
(presented in Table 3) were highest for  the 5th too., but  high also for the 4th, 
6th, and 7th mo. Since correlations between pa r t  and whole are par t ia l ly  auto- 
matic, one might  expect the highest correlation between that  single month which 
is the largest  pa r t  of the whole, i.e., the month of max inmm production. How- 
ever, var iabi l i ty  must  be considered also and the single months 4 to 7 have the 
lowest var iabi l i ty  and, therefore, are correlated more closely with the total 
product ion than are the months of maximum product ion (1st to 3rd too.). As 
expected f rom the data in Table 2, correlations are higher for the " u n d e r  3 "  
than for the "3 and o v e r "  groups, but  are about the same for the two milking 
frequencies. 
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R e g r e s s i o n s  of  t o t a l  p r o d u c t i o n  on s i n g l e  t e s t - d a y  p r o d u c t i o n  a re  p r e s e n t e d  

i n  T a b l e  4 and ,  as in T a b l e  3, t h e  l a r g e s t  v a l u e s  o c c u r r e d  d u r i n g  the  4 th  to 

7 t h  too. 

Cumulative test-day relations. S i n c e  m o s t  r o u t i n e  p r o d u c t i o n  t e s t i n g  p r o -  

g r a m s  p r o v i d e  " t o t a l - t o - d a t e "  p r o d u c t i o n ,  t he  d a t a  in th i s  s t u d y  also w e r e  con-  

s i d e r e d  in  a c u m u l a t i v e  m a n n e r .  C o r r e l a t i o n s  b e t w e e n  c u m u l a t i v e  t e s t - d a y  p r o -  

d u c t i o n  a n d  t h e  s u m  of p r o d u c t i o n  fo r  t en  tes t  d a y s  a r e  p r e s e n t e d  in  T a b l e  5. 

These  e o r r e l a t i m l s  become  l a r g e r  as the  c u m u l a t i v e  p a r t  becomes  an  i n c r e a s i n g l y  

l a r g e r  p a r t  of  t h e  t o t a l  p r o d u c t i o n ,  a n d  in  a l l  g r o u p s  a re  .9 b y  the  4 th  mo. 

of  c m n u l a t i v e  p r o d u c t i o n .  

To a s c e r t a i n  i f  d i f f e r e n t  e x t e n s i o n  f a c t o r s  a r e  r e q u i r e d  f o r  low- o r  h i g h -  

p r o d u c i n g  cows, q u a d r a t i c  r e g r e s s i o n  e q u a t i o n s  of  t o t a l  on  c u n m l a t i v e  p a r t  

p r o d u c t i o n  w e r e  f i t t ed  f o r  t h e  v a r i o u s  a g e - m i l k i n g  f r e q u e n c y  g r o u p s .  T h e  re-  

s u l t i n g  m u l t i p l e  c o r r e l a t i o n  v a l u e s  w e r e  w i t h i n  .006 of  t h e  c o r r e l a t i o n  v a l u e s  

p r e s e n t e d  in  T a b l e  5. These  s m a l l  d i f f e r ences  i n d i c a t e  t h a t  t h e  s a m e  r e l a t i o n -  

sh ip  b e t w e e n  p a r t  a n d  who le  p r o d u c t i o n  ex is t s  f o r  low as f o r  h i g h  p r o d u c e r s ,  

as has  been  n o t e d  p r e v i o u s l y  ( 7 ) .  

TABLE 3 

Correlations between single test-day milk production and the sum 
of milk production for the ten test days ~ 

Milking frequency 2 × 3 × 

Age Under 3 yr. 3 yr. and over Under 3 yr. 3 yr. and over 

Test day 
1 .75 ,67 .71 .66 
S .86 .8O .86 .80 
3 .89 .86 .89 .85 
4 .92 .89 .91 .89 
5 .93 .91 .93 .90 
6 ,93 .90 .92 .89 
7 ,91 .88 .91 .88 
8 .90 .84 .87 .84 
9 .85 ,78 .88 .78 

10 .74 .68 .77 .67 

All correlations differ significantly from zero at P < 0.01. 

TABLE 4 

Regression of file sum of m.ilk production for ten test days on 
single test-day milk production 

Milking frequency 2 × 3 ><, 

Age Under 3 yr. 3 yr. and over Under 3 yr. 3 yr. and over 

Test da~ ~ 
] 6.24 4£4 6.16 4.78 
2 6.95 5,74 7.43 5.69 
3 7.40 6.40 7.34 6.12 
4 7.96 7.06 7.88 7.04 
5 8.31 7.66 7.93 7.48 
6 8.36 7.80 7.78 7.87 
7 8.24 7,81 8.22 7.82 
8 8.03 7.58 7.91 7.62 
9 7,56 7.12 7.90 7.16 

10 6.28 5.84 6.46 5.78 
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TABLE 5 

Correlatioa between cumulative test-day production au(l total production ~ 

Milking frequenc)- 2 x 3 × 

Cumulative 
months  Under 3 yr. 3 yr. and over Under  3 yr. 3 yr. and over 

1 .75 .67 :71 .66 
2 .85 .79 .84 .79 
3 .90 .85 .90 .86 
4 .93 .90 ,93 ,90 
5 .95 .93 .96 .93 
6 .97 .95 .97 ,95 
7 .98 .97 .98 .97 
8 .99 .99 .99 .99 
9 1.00 1.00 1.00 1.00 

All correlations (lifter significantly f rom zero at P ~ 0.01. 

After  deciding to use two age groups, one nmst develop appropriate  factors 
for extemting incomplete records to a 305-day basis. Some workers (1, 2, 9, 10) 
have obtained factors by the ratio method, where the ratio of total to cumulative 
part  production provides a factor for extending the par t  to the total basis. Other 
workers (6, 7, 9. 10) have used a regression equation, whereby cumulative par t  
produc'tion is multiplied by the regression, (b), of whole on part  and added to an 
appropriate  constant, (a), to estimate total production. 

Factors for extending par t  production to a 305-day basis are presented in 
Table 6, where c represents the ratio of total to cumulative par t  production, 

T A B L E  6 

Regression am/ ratio factors  for extending cumulative test-day product  ira1 
to a 305-day basis 

Cumulative 
months  Under 3 yr. 3 yr and over 

a ~ b ~ c b a b c 

2 × Milking frequency 
1 87.68 6.24 8.36 146.46 4.84 7.42 
2 38.76 3.68 4.15 72.64 3.06 3.70 
3 20.02 2.65 2.82 39~74 2.30 2.53 
4 9.40 2.10 2.16 21.19 1.87 1.97 
5 2.19 1.76 1.77 9.54 1.60 1.64 
6 -1.62 1.52 1.51 0.89 1.4] 1.42 
7 --4.04 1.34 1.32 --4.62 1.27 1.26 
,~ --4.27 1.20 1.18 --6.80 1.16 1.14 
9 --3.16 1.09 1.08 --5.94 1.08 1,06 

3 × Milking frequellcy 
1 117.14 6.16 8.69 185.22 4.78 7.89 
2 42.06 3.86 4.31 97.41 3.08 3.88 
3 18.02 2.78 2.91 62.13 2.29 2.64 
4 6.59 2.18 2.22 41.52 1.86 2.03 
5 1.79 1.80 1.81 0-5.27 1.59 1.68 
6 2.11 1.53 1.54 12.17 1.41 1.45 
7 --2.37 1.35 1.34 5.12 1.27 128 
8 --4.59 1.21 1.20 --0,06 1.16 1.16 
9 --3.39 1.09 1.08 --2.42 1.08 1.07 

b represents the regression of whole on cumulative pa r t  production al~d a represents  the 
appropr ia te  constant  ill the regression method. 

c represents the ratio of whole to cumulative pa r t  production. 
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and a and b are appro'priate constants for the regression equation. These are 
utilized as follows: 

(a) Ratio method: The ratio factor multiplied by total-to-date prodnetion 
estimates 305-day production. F rom Table 1, eunmlative 4 mo. 2 × - - u n d e r  
3 yr. production would be (41.3 + 42.0 + 39.3 + 37.1) times 30.5, or 4,871 lb. 
This, multiplied by 2.16 (from Table 6) would be the estimated 305-day pro- 
duction (10,521), which must conform to the sum of all values in Column 1 
of Table 1, multiplied by 30.5, since this is an average situation. 

(b) Regression method : Using the same production data as above, but  a and b 
values f rom Table 6, total-to-date production (4,871) multiplied by 2.10 and 
added to 30.5, times 9.40, equals 10,516 lb. 

Regressions of total on cumulative par t  production (Table 6) were tested for 
differences between milking frequencies within age groups. The regressions for 
1st too. for young cows differed significantly. No other comparisons differed 
significantly, indicating that milking frequency is not of major  importance in 
extending par t  production. 

The ratio method may underestimate total production of low-producing cows 
and overestimate total production of high-producing cows (10), since the ratio 
method corrects only for the incompleteness of the lactation and does not take 
into account the incomplete repeatabil i ty of the parts  of the lactation which is 
included in the regression method. The amounts of this difference and of the 
increased variance of the difference between estimated and actual total produc- 

tion have been presented by Harvey  (7). The difference is ( b -  c) ( X - x ) ,  
where b represents the linear regression of total on cunmlative part ,  c represents 

the ratio of total to part ,  and X and x represent cumulative and mean cumu- 
lative par t  production. Empir ical ly  (7, 10), and as reported previously (10), 
this difference (b-c) is negative and largest (c ~ b) during the early (1-3) cumu- 
lative months, least during the center (4-6) (c ~ b), and positive and small during 
the longer (7-9) cumulative parts. The increased variance of the difference between 
estimated and actual total production becomes (b - c) ~- ~ x '~, where ~ x 2 equals the 
variance of cumulative par t  production. 

The choice between methods (ratio versus regression) depends on the purpose 
for which the method is to be used and the ease of use. The ratio method may 
appeal intuit ively to many and is easier to develop and use. The variatio~ in the 
total production estimated by ratio is more nearly like the variation in actual 
total production. In addition to the adjustment for incompleteness accomplished 
by the ratio method, the regression method adjusts also for unidentified sources 
of variation which make the par t  larger or smaller than average, and the total 
estimated by regression varies less than the actual total. As noted above, the 
differences between estimates by the two methods are largest during the early 
months. 
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