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SUMMARY
Recent estimates of genetic trend in the U.S. Holstein 

population -for milk, fat, protein and type show annual increases 
of 1.4, 1.3, 1.2 and 0.3% of the mean, respectively. New genetic 
information on several secondary traits is starting to be used. 
Genetic trend in young bulls is increasing at a faster rate than 
the cow population indicating that the eguilibrium rate of genetic 
progress has not yet been reached. High use of a few sires of sons 
can cause important fluctuations in genetic merit of young bulls. 
The average U.S. Holstein breeder is utilizing quantitative genetic 
information to make culling, mating and breeding decisions. 
Utilization of improvements in reproductive efficiency such as 
artificial insemination (AI) and embryo transfer (ET) are being 
made in conjunction with increased use of information on predicted 
transmitting ability (PTA) for additive genetic merit of animals.

INTRODUCTION
One of the great success stories of U.S. agriculture has been 

the increased productivity of its national dairy herd. Production 
per cow has increased over 1800 kg in the last 20 years. One of 
the driving forces behind this increase is the rising genetic merit 
for milking ability of the dairy cow. Current estimates of 
phenotypic improvements in average milk production per cow are 181 
kg/yr. The current rate of genetic improvement in average breeding 
value of cows is 123 kg/yr. Therefore 6 8 % of the progress in milk 
production can be attributed to the U.S. national breeding program. 
This level of success has helped the integration of quantitative 
genetic information into the breeding programs of the U.S. Holstein 
industry.
GENETIC GAIN

The average predicted transmitting ability (PTA) of bulls 
increased 464, 19 and 13 kgs for milk, fat and protein 
respectively, from 1980 to 1986. During the same period, the 
average PTA of registered and grade cows increased 370 kgs for 
milk, 12 kgs for fat, and 9 kgs for protein. Genetic information 
on final score (type) is routinely calculated only for registered 
cows. From 1980 to 1986, the average PTA for type for registered 
cows increased 0.66 points. The faster genetic trend for yield 
traits for young bulls versus cows indicates that the equilibrium 
rate of genetic progress has not yet been reached. Currently, the 
genetic trend among the registered cows is increasing at the rate 
of 1.4, 1.3, 1.2 and 0.3% of the mean per year for milk, fat,
protein and type, respectively.

Most of the genetic improvement is the result of three 
important areas which include artificial insemination, organized 
progeny test programs, and improved statistical procedures for 
genetic evaluations. The utilization of artificial insemination 
has continued to grow. The percentage of registered Holsteins 
heifers sired by an AI bull has increased from 59.0% in 1968 to 75% 
in 1978 to 85.8% in 1988. Table 1 shows the growth in the number 
of bulls who have semen collected and were entered in the NAAB 
cross reference program before 36 months of age.
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Table 1. Predicting transmitting ability or parent average for 
bulls available through artificial insemination.

Averaoe PTA Averaoe aaeNumber' Milk Fat Protein Type Sire Dam

1976 645 -157
— kg-----

-6 -3 0 . 0 0
-- months----
131.2 73.41977 610 -69 -3 0 0 . 0 1 126.3 72.81978 645 - 8 6 -2 0 0 . 1 1 125.6 77.61979 817 - 2 0 0 1 0.24 1 1 2 . 6 76.81980 941 54 2 3 0.53 113.9 80.31981 901 152 5 5 0.65 109.5 81.91982 921 237 7 7 0 . 6 6 106.6 76.71983 925 296 9 9 0.67 1 0 2 . 8 73.91984 936 364 12 10 0.84 112.7 69.61985® 1170 435 15 12 0.91 111.9 64.01986* 1370 518 21 16 0.90 103.6 60.41987*

-1-1---
1390 510 22 16 0.96 106.2 60.8

1 Less than 36 months at entry into AI
2 Parent average for yield traits and pedigree index for type.

Linear descriptive information on 14 conformational traits 
has been collected since 1982. This information has the potential 
to help reduce involuntary culling or limit correlated increases 
in involuntary culling associated with increased milk yield in a 
breeding program (Rogers and McDaniel, 1989). Of the type traits 
considered, udder depth seems to be the most useful for selection. 
This agrees with a recent study which showed that fore udder 
attachment, udder depth and front teat placement have a negative 
genetic correlation with milk production (Misztal et al., 1990).
U.S. Holstein breeders are moving towards placing selection 
pressure on individual type traits and away from selecting for 
overall composite final score.

Recent improvements in genetic evaluation programs include the 
use of genetic groups for missing ancestors (Westell et al., 1988) 
and implementation of an animal model (Wiggans et al., 1988). 
These two improvements have increased efficiency of selection 
about 19% for cows and 17% for bulls (Van Vleck et al., 1989), 
increased accuracy of genetic evaluations 4.5% for cows (Powell 
and Wiggans, 1989), and provide a better prediction of future 
progeny performance (Van Raden et al., 1989), which could increase 
the rate of genetic progress by as much as 5%. These improvements 
also allow direct comparison of young unproven bulls with older 
proven bulls, a point which has not yet been utilized by U.S. 
breeders. Traditionally a bull will not receive wide usage until 
after a progeny test. However, more genetic progress can be made 
by selecting individuals with the highest PTA value irregardless 
of the reliability (Cochran, 1951).

Genetic progress is usually not made in small annual increases 
but rather in directional fluctuations. This is most easily seen 
in the sire to son path of genetic progress where a single bull 
sires between 14 and 23% and the top 5 bulls sire from 35 to 64% 
of all bulls progeny tested in a given year. Table 2 shows average 
PTAs or parent averages for available U.S. Holstein bulls in 
January, 1990. The average annual increase in combined PTA fat and 
protein is about 4 kg for young bulls although in 1986 the average 
combined PTA fat and protein increased 10 kg. This large increase 
in genetic trend is not being taken advantage of by rep]acing older 
proven bulls with better younger bulls in the Active AI line up.
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Table 2. Holstein bulls available through AI in January, 1990,
Age ______PTA________ _ Reliability (%)

Category___ (months) Number Fat Protein Type Fat Type
\7Z7TZrZ1 m  -Va r  t  n  o  T "o  1 O OYoung' 12 to 24 639 24.9 18.1 .88 39 29

25 to 36 966 23.4 16.8 .95 39 31
Proven
Well

49 to 108 424 19.2 17.0 1.07 75 68

Proven > 109 58 14.4 13.3 1 .22 93 86

'Young bulls in an organized AI progeny test program (PTAs 
are parent averages).
An additional point of interest in Table 2 is the lower PTA's of 
fat and protein for the well proven bulls. Consideration needs to 
be given by U.S. breeders to obtaining higher reliabilities on 
bulls from their first group of daughters. This will require 
increasing the number of daughters per progeny test bull.
REGISTERED DAIRYMAN

The Holstein Association provides its members with a decile 
ranking of their young animals for total performance in a Type and 
Production Index utilizing parent averages (TPI, Sire Summaries, 
Vol 1, 1990). This information is being used to identify the best 
heifers to keep and breed to high indexing bulls and which of the 
resulting offspring to register. Table 3 shows average Pedigree 
TPI (PTPI) , cow TPI (CTPI) , TPI of service sire, number of cows 
receiving a CTPI, and number of offspring registered for registered 
females born in 1985. Average CTPI, TPI of service sire and number 
of offspring increased with decile ranking of PTPI. The 
correlation between heifers' parent average type and combined 
parent average for fat and protein with the PTA type and combined 
PTA fat and protein of the service sire was 0.29 and 0.16, 
respectively. Assortative mating and greater access to the top 
genetics is a distinct advantage for the registered breeder.
Table 3. Type and Procuction Index (TPI) values by decile for 
registered females born in 1985.

PTPI' Number
receiving

CTPI
Average Offspring

RegisteredDecile Number CTPI1 Service Sire 
TPI

0 37052 8175 69 578 10539
1 36400 8374 178 593 10706
2 37450 8977 227 599 10986
3 37130 9485 270 601 11374
4 37104 9931 306 607 11691
5 36815 10281 341 614 11780
6 37216 11090 377 622 12305
7 37259 12151 418 634 12848
8 36951 13837 476 650 13644
9 37211 17609 599 702 16865

' PTPI is pedigree TPI, CTPI is cow TPI.
There are approximately 9.6 million Holsteins in the U.S., but only 
2 .0  million are on a production record system acceptable for 
genetic evaluations in which their sires must be properly 
identified. Of these, approximately 40% are registered. The 
average PTA fat value for registered and grade cows differs by 
about 2 kg. Both groups of cows have shown steady progress over
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the years (about 2 kg/yr since 19feo), with a slight advantage to 
the registered cows. However, the higher standard deviations for 
the registered cows (8.6 vs. 7.6 kg) are explained by positive 
assortative mating and a diversity of breeding goals among 
registered breeders.

Due to the higher standard deviations, more registered than 
grade cows are found on lists of high ranking cows. Table 4 
summarizes all cows above 142 PTA$ Protein (eguivalent to top 1% 
of cows). PTA$ protein is an economic index combining relative 
values of milk, fat and protein. Seventy-three percent of the cows 
are registered. The registered cows have higher parent averages 
and lower yield deviations than the grade cows.
Table 4. Average PTA$ Protein, parent averages and yield 
deviations for all cows above 142 PTA$ Protein. f

Reaistered Grade
Number 9676 3520
PTA$ Protein 167.0 160.7
Parent Averaoe fka)

Milk 482 397Fat 18.5 14.6
Protein 16.2 13.4

Yield Deviation (kal
Milk 1941 2103
Fat 75.2 78.8Protein 57.5 60.9

UTILIZATION OF IMPROVEMENTS IN REPRODUCTIVE EFFICIENCY
The U.S. dairy industry has taken advantage of the cost 

effective benefits that AI offers. A more recent venture is the 
utilization of ET. The number of Holsteins registered as a result 
of ET has grown from 34 males and 124 females in 1974 to 5304 males 
and 9817 females in 1987. Holstein registrations in 1987 totaled 
373,131, with 4.0% of these produced by ET. The genetic merit of 
cows produced by ET in 1986 averaged 7 kg higher for PTA fat and 
+ .48 points higher for PTA type than for all cows registered. Among 
the top 10,000 TPI cows (Jan. 1990), 27.5% are the result of ET. 
The ET programs allow dairy farmers to obtain genetic information 
earlier in life. The majority of young sires in progeny test 
programs are the result of ET. The number of ET bulls out of the 
top 100 TPI bulls has increased from 3 in 1984 to 44 in 1990. The 
average age of the dams has dropped from 81.9 months in 1981 to
60.8 months in 1987. Preliminary results indicate a further 
decline in 1988. ET is having an effect on the dam to son path of 
genetic progress.
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