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ABST R ACT 

Twenty Holstein bulls attained puber- 
ty (50 x 106 sperm/ejaculate; 10% motile 
sperm) at 39 + 1 wk of age and 295 + 4 
kg body weight. Starting at puberty, 
10 bulls were ejaculated biweekly to 1 yr 
and then weekly ( l x )  to 2 yr of age, and 
10 bulls were ejaculated three times 
weekly (3x)  to 1 yr and then six times 
weekly (6x) to 2 yr of age. All character- 
istics of semen increased through 77 to 
88 wk of age. Between 77 to 88 wk and 
89 to 104 wk of age, only volume of 
ejaculate and total sperm per week in- 
creased. Motility of sperm increased only 
during the first 12 wk after puberty. All 
seminal traits except motility of sperm 
differed between l x and 6x bulls. Fre- 
quency of ejaculation did not affect the 
percentage of ejaculates acceptable for 
freezing or body growth rate. Between 1 
and 2 yr of age, 6x bulls yielded 3.3 
times more sperm per week and 3.5 times 
more motile sperm per week than l x 
bulls. Within frequency of ejaculation, 
time of reaction to ejaculation did not 
change between 1 and 2 yr of age, but an 
average of 40% more time was needed 
to obtain an ejaculation on 6x than ix  
(9.4 versus 6.7 rain). By 13  to 24 wk 
after puberty, 83% of ejaculates were 
acceptable for freezing. Thus, Holstein 
bulls could be sampled in a progeny test- 
ing program by 15 mo of age. 

Received November 6, 1975. 
1 Authorized for publication as Paper No. 4953 in 

the journal series of The Pennsylvania Agricultural 
Experiment Station on October 16, 1975. 

2 Supported in part by Atlantic Breeders Coopera- 
tive, Lancaster, PA, Sire Power, Inc., and NEBA, 
Tunkhannock, PA. 

INTRODUCTION 

Progeny testing of sires should begin at the 
earliest possible age. It was reported previously 
(3, 6, 10) that fertility of Angus and Hereford 
bulls was sufficiently high to initiate progeny 
testing immediately at puberty and that ejacula- 
tion three or six times weekly rather than once 
weekly greatly increased output  of sperm. With 
this management, sufficient insemination units 
for progeny testing can be obtained from many 
Angus and Hereford bulls by 60 wk of age. 
Killian and Amann (9) studied changes in 
seminal characteristics of Holstein butls eja- 
culated once weekly during the first 30 wk 
after puberty and reported rapid increases in 
seminal characteristics during the first 20 wk 
after puberty. This report concerns puberal 
traits and the effect of age and frequent ejacula- 
tion on characteristics of semen, output  of 
sperm, and sexual behavior of Holstein bulls 
between puberty and 2 yr of age. 

EXPERIMENTAL PROCEDURE 

Twenty Holstein bull calves, born in Decem- 
ber, 1959, through February, 1960, were raised 
from 18 wk of age on a concentrate and hay 
ration calculated to provide 100% of the upper 
limit of energy estimated to be required for 
normal growth of dairy heifers (11). Starting 
at 24 wk of age, calves were tested every 2 wk 
for sexual behavior and penile protrusion. When 
the penis became free of the sheath, collection 
of semen was attempted weekly with a small 
artificial vagina. Puberty was defined (14) as 
the age when the first ejaculate was obtained 
which contained a minimum of 50 x 106 sperm 
with at least 10% showing progressive motility. 

Based on age and body weight at puberty, 
bulls were paired and allotted randomly to one 
of two groups. Seminal characteristics and 
sexual activity were determined for the control 
or lx  group which consisted of 10 bulls eja- 
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culated biweekly  ( 1 / 2 x )  f rom puber ty  to 1 yr  
o f  age and then weekly  ( l x )  f rom 1 to 2 yr  of  
age, and for  the exper imenta l  or  6x group con- 
taining 10 bulls ejaculated once  each Monday,  
Wednesday,  and Friday ( 3 x )  f rom puber ty  to 
1 y r  o f  age and then twice  in succession on the 
3 days weekly ( 6 x )  f rom 1 to 2 y r  o f  age. 

To maximize  ou tpu t  of  sperm, one false 
mount ,  a 2-min restraint period,  and two  addi- 
t ional  false mounts  preceded each ejaculat ion.  
St imulus changes and col lect ion of  data  on 
sexual behavior  were essentially as described 
(7) except  that  slight changes o f  s t imulus by 
m o v e m e n t  of  the  st imulus animal were initia- 
ted  after 5 min w i thou t  a moun t ing  response. 
Procedures for  seminal evaluat ion (7) were  
augmented  by evaluating percentages o f  un- 
stained or  live (14) and normal  (10) sperm. 

Data for  seminal traits bu t  not  for  sexual  
act ivi ty were evaluated by  analyses o f  variance. 
Because o f  the  wide variat ion in age at puber ty ,  
data  for  initial progressive mot i l i ty  also were 

analyzed for wk 1 to 60 after puber ty .  Log 
t ransformat ions  o f  the  data  were used for  
analyses o f  seminal volume,  spermatozoal  con- 
centrat ion,  total  sperm per ejaculate and per 
week, and to ta l  mot i le  sperm per week. 

RESULTS AND DISCUSSION 

Puberal characteristics and body  weight  at 
1 and 2 y r  of  age are summarized in Table 1. 
Average age at first prot rus ion o f  the  penis 
during mount ing  was 31 wk for  Holstein bulls 
as compared  to 33 and 36 wk for  Angus and 
Hereford bulls (14) and 33 wk for  Charolais 
bulls (1). Comple te  separat ion o f  penis and 
sheath was at 35 wk for  Holstein, 37 wk for  
Angus and Charolais, and 38 wk of  age for  
Hereford bulls. First sperm were de tec ted  at 
a mean age o f  37 wk for  Holsteins, 36 wk for  
20 o the r  Holsteins (9), 38 wk for  24 Charolais 
(1), 40 wk for  9 Angus, and 42 wk of  age for  
11 Herefords (14). 

TABLE 1. Age, body size, and seminal characteristics at puberty and body weight at 1 and 2 yr of age of Hol- 
stein bulls (N = 20). 

Item Mean SE Range 

Age (wk) 
First penile protrusion 31 1 26 to 41 
Penis and sheath separated 35 1 28 to 41 
First sperm collected 37 1 30 to 43 
First motile sperm collected 37 1 32 to 43 
Puberty attained a 39 1 35 to 45 

Body measurements at puberty 
Weight (kg) 295 4 269 to 333 
Wither height (crn) 114 1 106 to 118 
Heart girth circumference (cm) 151 1 145 to 163 

Characteristics of first ejaculate a 
Volume of semen (ml) 2.3 .2 .6 to 4.7 
Progressive motility (%) 30 4 10 to 60 
Concentration of sperm (106/ml) 127 28 32 to 500 
Total sperm (106 ) 258 53 54 to 850 
Total motile sperm (106 ) 89 26 5 to 425 
Live sperm (%) 53 5 19 to 86 
Abnormal sperm (%)b 31 4 11 to 88 
Fructose (mg/ml) 6.6 .4 2.6 to 9.7 

Body weight at 
1 yr of age (kg) 383 2 362 to 407 
2 yr of age (kg) 660 6 628 to 733 

aFirst ejaculate containing a minimum of 50 × 106 sperm with at least 10% showing progressive motility. 

bN = 19. 
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Mean age and body weight at puberty of 39 
wk and 295 kg agree closely with 41 wk and 
303 kg for 20 Holstein bulls fed and managed 
similarly (9). Mean body weight of 383 kg at 
1 yr  of age is similar to the mean of 389 kg for 
381 1-yr-old Holstein bulls (5) and indicates 
that  puberty was not delayed because of in- 
sufficient energy intake. Holstein bulls in this 
s tudy reached puberty 6 wk earlier (P<.01) 
than 20 Angus and Hereford bulls (45 wk), but  
were not significantly younger than 24 Charo- 
lais bulls (41 wk) fed on a high plane of  nutri- 
t ion at this Center (1, 14). Characteristics of  
the puberal ejaculate were similar to those 
reported for other Holstein (9) and Charolais 
(1) bulls, but  the concentration of sperm and 
the total number of sperm in the ejaculate were 
less than for Angus and Hereford bulls (14). 
Possibly these differences are a reflection of 
the difference in age at puberty.  

Growth was not affected by ejaculation at 
high frequency. Body weight for the 1× and 
6× bulls averaged 294 and 296 kg at puberty 
and 660 and 661 kg at 2 yr  of age. 

The significant increases with age in each 
semen characteristic (Table 2) follow the trends 
for Holsteins (4) and beef breeds (2, 3) collect- 
ed l x ,  3x,  or 6x weekly. Except for moti l i ty 
of  sperm, characteristics of semen increased 
(P<.O1) between 53 to 64 wk and 65 to 76 wk 
of  age. Between 65 to 76 wk and 77 to 88 wk 
of  age, increased (P<.O1) volume of ejaculate 
accounted primarily for the higher (P<.O1) 
numbers of total  spermatozoa per ejaculate and 
spermatozoa per week. Motili ty and concentra- 
tion of  sperm also increased (P~05) .  Most 
seminal traits plateaued between 77 to 88 and 
89 to 104 wk of  age which is later than report- 
ed in another study (9). Only seminal volume 
and total sperm per week increased (P<.05). 

Based on a separate analysis of postpuberal 
changes, the rapid improvement from 42% at 
1 to 4 wk to 62% at 9 to 12 wk after puberty 
accounted for most of the increase in mean ini- 
tial spermatozoal motili ty.  This was similar to 
data from other Holsteins (9) and beef breeds 
(2, 3). For Normandy bulls, the percentage of  
motile sperm apparently increased until at least 
60 wk of  age (12). 

Effects of frequency of  ejaculation on mean 
characteristics of semen between 53-and 104 
wk of age (Table 2) were similar to those for 
young dairy (4) and beef bulls (2, 3). However, 

concentration of  sperm for Holsteins in this 
s tudy was lower (P<.05) for 6× than 1× bulls 
while in beef bulls frequency of ejaculation did 
not  affect concentrations of sperm significant- 
ly. There was an interaction (P<.05) of  age and 
frequency only for total  motile sperm per 
week. Total motile sperm per week for 1× bulls 
increased throughout the experiment while that 
for 6x bulls increased until 77 to 88 wk of  age. 
As illustrated recently (2) mean weekly ou tput  
of sperm at 6× from 1 to 2 yr  of  age for these 
10 Holstein bulls (20.0 x 109) was lower than 
that  for 10 Charolais (25.5 × 109) but  greater 
than that for 5 Angus and Hereford bulls (12.0 
x 109) ejaculated at 6x in the same manner. 

As expected (8), more time was required to 
stimulate sexually and to collect semen from 
6x than l x  bulls (Table 2). Time to ejacula- 
t ion included restraint for 2 min in addition 
to the time required for three false mounts and 
the collection mount. It required an average 
of  40% more time to obtain an ejaculation on 
6× than l x ,  but  the mean time for reaction 
of  9.4 min is relatively short  and a high fre- 
quency of ejaculation need not lead to ex- 
cessively long times for reaction for most bulls. 
If a faster time of  reaction is desired, stimulus 
pressure must be increased (8). Within each 
frequency of ejaculation, t ime of reaction to 
the first mount and to ejaculation did not 
change appreciably between 1 and 2 yr  of age. 

Acceptabil i ty of ejaculates for freezing is 
more important  than weekly output  of  sperm 
of  young bulls if progeny testing is to be com- 
pleted at the earliest possible age. By 13 to 24 
wk after puberty (Table 3), 75% of  ejaculates 
from lX and 85% of  ejaculates from 6× bulls 
were acceptable for freezing. Differences asso- 
ciated with frequency of ejaculation were not 
significant. By the same procedures for evalua- 
t ion of  semen, postpuberal improvement in the 
percentage of ejaculates acceptable for freezing 
was much more rapid for Holsteins than for 
Angus and Herefords (6). Values for beef bulls 
for the same five age periods between 1 and 60 
wk after puberty shown in Table 3 were 22, 
47, 50, 57, and 66%. For  beef bulls (6, 10), 
73% of  acceptable ejaculates froze satisfact- 
orily (minimum of  10 × 106 motile sperm per 
ampule after 3-wk storage at - 1 9 6  C) and 
fertility was adequate between puberty and 60 
wk of age (mean 60- to 90-day nonreturn rate 
of  69% for 5059 first services from 17 bulls). 
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TABLE 3. Postpuberal changes in percentage of  ejaculates acceptable for freezing a. 

Weeks Ejaculation frequency 

after l /2X to 3X to 
puberty 1X 6X Combined 

1 to 12 35 35 35 
13 to 24 75 85 83 
25 to 36 91 96 95 
37 to 48 97 96 96 
49 to 60 99 96 97 
Mean 84 86 86 

aAt least 396 X 10 ~ sperm/ml, 40% progressively motile sperm, and 840 × 104 total motile sperm per 
ejaculate. 

Thus, Holstein bulls could be sampled in a 
progeny testing program by 24 wk after puber- 
ty or about 15 mo of age. This conclusion is 
similar to that of Thibier and Cotchen-Bourlaud 
(13) based on studies of Black Pied, Holstein, 
and Normandy bulls. 

Between 1 and 2 yr of age, Holsteins on 6x 
yielded 3.3 times more sperm per wk and 3.5 
times more motile sperm per wk than bulls on 
1× (Fig. 1). If 90% of the ejaculates were 
acceptable for freezing (Table 3) and an insem- 
ination unit of 20 x 10 6 motile sperm before 
freezing was used, the theoretical number of 
insemination units stored for each bull between 

24 

Z" 22 
2 
~ 2 0  

t~ 

I,.- 14 

0 I 0  
J 

/ ~ / X \  
o ff 8 / / x . . . x / ^  "x-x  
, -  / 

...~-)e ''~ EJACULATION 
d ~x/x FREQUENCY: 

t4J 4 ~ j ,X  = = 3 X f o 6 x  
lad~ 2 //IF v~X  ~( X--X 1/2Xto IX 

37-40 4,5-48 53-56 61-64 69-72 77-80 B,~88 93-96 IOI 104 

AGE IN WEEKS 

FIG. 1. Changes in weekly total output of  sperm 
for Holstein bulls ejaculated at high or low frequency 
from puberty to 2 yr o f  age. 

1 and 2 yr of age would be 33,500 for a 6x bull 
c o m p a r e d  to  9 5 0 0  f o r  a 1× bul l .  
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