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SUMMARY

The normal lactation curve for milk and its  components is described as well 
as the influence o f nongenetic factors on d ifferen t lactation stages. The shape 
of the lactation curve is under genetic and environmental influence. Genetic 
correlation between monthly yields or part lactations o f varying length are high 
but lower than 1.0. In selection parts of the lactation yielding equally high or 
higher progress than 305-day yield  can be choosen. Selection on f ir s t  part of 
the lactation might give undesirable changes in the shape o f the lactation 
curve. Bias from culling o f cows and problems in handling lactations of various 
length is discussed.

INTRODUCTION

The genetic and environmental influences on milk production as i t  is 
expressed over a lactation period have been studied frequently. The interest not 
only in the accumulated yield  over a lactation but also in part records or 
single test day yields and in methods for describing the lactation curve has 
reasons such as 1) evaluation of selection cr ite ria , 2) shape o f lactation curve 
as an economic tra it , 3) prediction of total y ie ld  from part lactations or test 
day yie ld . The purpose of this paper is to summarize d ifferen t aspects on part 
lactations o f importance in the selection for milk production.

BIOLOGY OF LACTATION

Lactation is in itiated by the parturition o f the ca lf. A fter a rapid 
increase in yie ld  the maximum is reached after 20-60 days. Thereafter the yield 
declines until the cow is dried o f f  naturally or by ceased milking. The rate of 
decline increases at the end of the lactation due to the new pregnancy. The 
concentration o f milk components over the lactation has an entirely different 
pattern. Protein and fat percentages are in it ia l ly  high, reach a bottom level 
when milk yie ld  peaks and continue to increase thereafter. The lactation curves 
for fa t and protein production are nevertheless similar to the milk yield  
curve. The variation in yield  dominates over the variation in percentages. The 
concentration of lactose is fa ir ly  constant over the lactation. The rapid 
increase in yie ld  in early lactation is due to growth and activation o f milk 
secreting ce lls . During the declining phase the number o f ce lls  decreases, but 
the metabolic activ ity  in the remaining cells  is probably not affected (Knight & 
Wilde, 1987).

ENVIRONMENTAL INFLUENCE

I t  is established knowledge that several environmental factors influences 
lactation yie ld , such as age at calving, lactation number, season or month of 
calving, length o f days open period and herd environment. The same factors also 
a ffect part lactations and testday yields. The interesting feature here is that 
the effects are not constant over the lactation stages. Measured as fraction of 
the tota l variation explained by each factor the age e ffe c t  showed a slight 
decrease with advancing lactation stages, the e ffe c t  o f season was in it ia lly
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very low and Increased towards the end o f the lactation and the days open period 
showed its  e ffe c t  only in the last 3-4 months o f the lactation. The f ir s t  
testday yie ld  is also influenced by day o f test a fter calving. Environmental 
factors^ explained almost twice as much o f the total variation at the end of 
lactation as in the beginning (e.g. Auran, 1973; Danell, 1982a).

THE LACTATION CURVE

The shape o f the lactation curve is believed to be o f importance for the 
economic effic iency o f the cow. With a fla t  lactation curve there is less stress 
in it ia lly  on the cow and less risk of a negative energy-balance with the 
implications i t  might have on fe r t i l i t y  and health. A f la t  curve also means a 
higher percentage o f forage in the total ration. Salkner & Fuchs (1987) compared 
the least and the most persistent quartile cows at constant yie ld . They found 
that the best quartile (with fla t  curves) consumed up to 161 kg less 
concentrate.

Measures o f persistency have been derived from d ifferen t nonlinear 
functions used to describe the lactation curve. They have also been computed as 
ratios between d ifferen t parts of the lactation or as simple regressions of 
yie ld  on stage o f lactation (e.g. Schneeberger, 1978). Recently Morant &
Gnanasakthy (1989) proposed functions which describe the proportional rates of 
change in yie ld . The s ta tis tica l properties o f the parameters were said to be 
better than for parameters from the incomplete gamma function.

Studies on persistency measures have shown that they are under genetic and 
environmental influence. The h eritab ility  has generally been somewhat lower 
(0.10-0.20) than for 305-day yie ld  estimated on the same data. The genetic 
correlation between f ir s t  and second .lactation persistency was high (>.85) in 
studies by Leukkunen (1985) and SOlkner & Fuchs (1987). Correlations between 
persistency and y ie ld  depend on the construction of the persistency measure. I f  
the re lative decrease is measured (dependent on level o f production) a positive 
genetic correlation o f at most 0.5 has been estimated. Persistency measures 
describing the average slope over the declining part or a simple linear 
regression o f y ie ld  on stage have had a zero or much lower positive genetic 
correlation (-0 .2 ) with total yield. Peak yield  or early lactation y ie ld  had a 
negative correlation with persistency.

The genetic correlation between a persistency measure and conception rate 
was positive (Bar-Anan et a l . , 1985). Berglund & Danell (1987) computed positive 
phenotypic correlations between peak yield, computed energy deficiency and time 
for f ir s t  oestrus after calving. However the associations with tota l y ie ld  were 
of equal magnitude.

GENETIC PARAMETERS OF PART LACTATION AND MONTHLY YIELD

Genetic variation in lactation curve parameters indicates that milk 
production in d ifferen t stages of the lactation is partly d ifferen t tra its . This 
is also confirmed in the many studies on part lactations and individual test day 
yields (e .g . Searle, 1961; Van Vleck & Henderson, 1961; Auran, 1976; Danell, 
1982b; Wilmink, 1987a; Meyer et a l.,  1989).

Common features from these studies are;

-  Increased phenotypic variance and coeffic ient of variation over the lactation. 
I f  cows with short lactations are excluded the variation decreases towards the 
end of the lactation. Including the dry cows with a zero test day y ie ld  for 
the remaining test days in flates the variation.
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-  H eritab ilities  for test day yields were lower than for lactation yie ld . Test 
days in mid-lactation generally had the highest h er ita b ilit ie s .

-  Genetic correlations between adjacent test days were high (>0.90) and 
decreased with increasing distance between test days. Negative genetic 
correlations between early and late test days have alsp been reported (Searle, 
1961).

-  Genetic correlations between milk components in the 40-100 day period o f the 
lactation and in total lactation were estimated by Meinert et a l . (1989). Fat 
percentage was more positively correlated to yields o f milk, fat and protein 
in early lactation than in total lactation. The reverse was found for protein 
percentage and fat-protein ratio.

-  Test day yields had a genetic correlation with 305-day y ie ld  o f 0.60-0.99 
with the highest correlations for test days in mid-lactation and lowest for 
f ir s t  and last test day. Monthly, 2-monthly and 3-monthly yields in the 
interval 120-180 days had correlations close to 1 with 305-day yield .

-  Genetic correlations between part lactations and tota l lactation were higher 
than 0.95 for lactations longer than 150 days.

- Phenotypic correlations showed the same pattern as the genetic correlations 
but were lower.

A variance-covariance matrix between a ll  test days or part lactations made 
up by pairvise estimates is most probably non-positive defin ite. A consistent 
matrix o f variances and covariances can be obtained using the bending-technique 
from Hayes & H ill (1981). The level o f the genetic correlations is then 
lowered.

SELECTION RESPONSE

The response when d ifferent parts o f the lactation are used as selection 
c r ite r ia  is discussed from the following aspects: 1) d irect response on yield, 
2) correlated response on lactation curve parameters and 3) bias from culled 
cows and inclusion o f extended records.

With the high genetic correlations between part and 305-day lactations i t  
is obvious that very l i t t l e  is lost in predicted genetic progress when 
appropriate single test days or part lactations are choosen as selection 
cr ite r ia . Considering the shorter generation intervals obtained when part 
lactations are used, the response could also be greater. Wilmink (1987b) 
reported 5% higher response when selecting on the second trimester (90-180 
days). He also showed that use of extended part lactations in some cases gave a 
higher response than the part lactation i t s e l f .  This is because the extension 
method uses information about the course o f the remaining lactation. 
Suggestions have been made (Keown & Van Vleck, 1971) that unequal weights to 
individual test days could be better than just adding the records. Meyer et a l . 
(1989) proposed the use of a canonical index in selection. They showed that the 
canonical index had a higher h eritab ility  than ordinarily computed part 
lactations o f d ifferent length.

The correlated response on the lactation curve can be predicted from 
computed response in different parts o f the lactation or d irectly  from the 
estimated genetic correlation with measures o f persistency. I t  can be concluded 
that selection on early measures of y ie ld  deteriorates the shape o f the 
lactation. Conclusions drawn from the correlations with persistency can be
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misleading as explained above. The proportionality between parts o f the 
lactation improves with increasing yie ld  in 305-day lactation but the shape 
does not change. This is also consistent with simple observations from plots of 
laction curves o f cows producing on different levels. The curves are essentially 
parallel" but higher yie ld ing cows have longer lactations or are made dry at a 
higher production. An interesting result from Wilmink (1987a) was that the 
second trimester and the 305-day lactation had the qame correlations with 
persistency measures.

Records from culled cows are usually extended and included in the 
evaluation o f sires to avoid selection bias. To do this the records have to be 
extended to equal length. The evaluation can either be made by a single tra it  or 
a m ultitrait procedure. In the single tra it analyses d ifferen t weights have 
sometimes been used on lactations o f various length (eg. Weller, 1988). Multiple 
tra it anlayses can hardly be applied on ten individual test day yie ld . Agyemang 
et a l . (1985) suggested a multiple tra it evaluation based on three lactation 
periods and extension to equal length within each period.

One experience o f extended records in sire evaluation has been that early 
breeding values based mostly on extended short lactations could change in a 
systematic way when evaluations later on are based on completed 305-day 
lactations. This observation is probably due to the inab ility  to predict future 
environment. The problem can be handled even in single ,tra it  analysis by having 
separate herd-year-seasons for the extended records o f lactations in progress.

Finally, the choice o f selection cr ite ria  may have been to much determined 
by the desire to measure the actual quantity produced. The a b ility  to produce 
might even be better reflected i f  e.g. only the yie ld  from 60-200 days was used 
(c f. Wilmink, 1987b). The parts causing bias and problems with adjustments etc. 
are then not used for prediction o f breeding values. The leve l o f production 
reached and the a b ility  to maintain a high production is reflected in a simple 
way.
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