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Introduction 

Grading up or straightbreeding to Shorthorns, Here
fords and Angus was the dominant system employed in 
beef production from the late 1800's until the 1960's in the 
United States. Although most cattlemen had their favorite 
breed, the adage that "there is more variation within 
breeds than between breeds" was generally accepted as a 
truism among beef cattle breeders throughout this period. 
As , Lush1 pointed out, stockmen were misled by this atti
tude into believing that genetic differences between breeds 
were "not real after all" or at least not very important. 
Recognition of the importance of heterosis ( difference be
tween mean for F1 crosses and mean for parental breeds) 
from diallel crossing experiments conducted in the 1960's 
and interest in increasing output components fo beef pro
duction, stimulated interest in crossbreeding to breeds 
with greater genetic potential for milk production, growth 
rate and mature size. As a result, a large number of breeds, 
introduced from Europe via quarantine facilities in Cana
da, became available to North American beef producers. 
Interest in the newly introduced breeds and in other 
breeds previously considered only for dairying coincided 
with the establishment of the Roman L. Hruska U.S. Meat 
Animal Research Center (MARC) in the late 1960's. The 
Germ Plasm Evaluation (GPE) Program was initiated in 
1969 at MARC to characterize a broad spectrum of breeds 
that differed widely in genetic potential for growth rate, 
milk production, carcass composition and mature size. The 
purpose of this paper is to review results from the GPE 
program concerning genetic variation among breeds rela
tive to that within breeds for reproduction and maternal 
traits important to beef production. 

Germ Plasm Evaluation Program 

The GPE Program has been conducted in four Cycles. 
Table 1 shows the mating plan for Cycles I, II, III and IV. 
Topcross performance of 26 different sire breeds have 
been, or are being, evaluated in calves out of Hereford and 
Angus dams or calves out of F1 cross dams (see Table 1). 
These F1 cross dams were bred to Brahman, Devon and 
Holstein sires in Cycle I and to Santa Gertrudis and Brang-
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TABLE 1. Sire Breeds used in Germ Plasm Evaluation 
Program 

Cycle I Cycle II Cycle III 
(1975-76) 

Cycle IV 
(1986-90) (1970-72) (1973-74) 

Fl crosses from Hereford or Angus dams (Phase 2) 

Hereford 
Angus 
Jersey 
S. Devon 
Limousin 
Simmental 
Charolais 

Hereford 
Angus 
Brahman 
Devon 
Holstein 

Hereford Hereford 
Angus Angus 
Red Poll Brahman 
Brown Swiss Sahiwal 
Gelbvieh Pinzgauer 
Maine Anjou Tarentaise 
Chianina 

Hereforda 
Angusa 
Longhorn 
Salers 
Galloway 
Nellore 
Shorthorn 
Piedmontese 
Charolais 
Gelbvieh 
Pinzgauer 

3-way crosses out of Fl dams (Phase 3) 

Hereford 
Angus 
Brangus 
Santa Gertrudis 

aHereford and Angus sires, originally sampled in 
1969, 1970 and 1971, have been used throughout the pro
gram. In Cycle IV, a new sample of Hereford and Angus 
sires produced after 1982 are being used and compared to 
the original Hereford and Angus sires. 

us sires in Cycle II. Semen from the same Hereford and 
Angus bulls has been used throughout to produce a control 
population of Hereford-Angus reciprocal crosses in each 
Cycle of the program. In addition to the repeated use of 
semen from control Hereford and Angus bulls, new sam
ples of Hereford, Angus, and Charolais bulls born since 
1982 are being added in Cycle IV to evaluate genetic 
trends within these breeds. To date, complete data are 
available only from the first three Cycles of the program. 
Thus, this review will focus only on data from twenty sire 
breeds involved in the first three Cycles of the program. 

Data presenting results pooled over Cycle I, II and III 
were obtained by adding the average differences between 
Hereford-Angus reciprocal crosses (HAx) and other breed 
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groups (2-way and 3-way F 1 crosses) within each Cycle to 
the average of Hereford-Angus reciprocal crosses (HAx) 
over the three Cycles. The pooled results will be presented 
for nineteen F 1 crosses (2-way and 3-way) grouped into 
seven biological types based on relative differences (X low
est, XXXXXX highest) in growth rate and mature size, 
lean-to-fat ratio, age at puberty and milk production 
(Table 2). The breed group means presented in this review 
are from previous reports for birth and weaning traits2

• 
3
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5
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, age at puberty of heifers8

• 
9

• 
10

• 
11

• 
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• and reproduction 
and maternal performance of F 1 cows13

. Mean differences 
between breeds will be expressed in actual units and in 
standard deviation units for breeding value (erg= crph; the 
phenotypic standard deviation, CTp, and heritability, h2, 

where computed from paternal half sib analyses of vari
ance of data from the GPE program 14, 15, 16) . 

TABLE 2. Breed Crosses grouped into six biological types 
on the basis of four major criteria a 

Grow t h Lean 
ra t e & to Age 
ma ture f a t at Milk 

Bree d group size r ati o puber t y production 

Jersey (J) X X X xxxxx 

Hereford-Angus (HA) xx xx XXX xx 
Red Poll (R) xx xx xx XXX 
Devon (D) xx xx XXX xx 

Sou t h Devon (Sd ) XXX XXX xx XXX 
Taren taise ( T ) XXX XXX xx XXX 
Pinzgaue r ( P) XXX XXX xx XXX 

Brangus (Bn) XXX xx xxxx xx 
Santa Ger t . (Sg) XXX xx xxxx xx 

Sahiwal (Sw) xx XXX xxxxx XXX 
Brahman (Bm) xxxx XXX xxxxx XXX 

Brown Swiss ( B) xxxx xxxx xx xxxx 
Ge lbvieh (G ) xxxx xxxx xx xxxx 
Hol s t e in (Ho) xxxx xxxx xx xxxxx 
Simmenta l (S) xxxxx xxxx XXX xxxx 
Ma ine Anjou (M) xxxxx xxxx XXX XXX 

Limousin ( L) XXX xxxxx xxxx X 
Charola i s (C) xxxxx xxxxx xxxx X 
Chianina (Ci) xxxxx xxxxx xxxx X 

alncreas i ng numbe r of X's indica t e rel a tive l y h igher va lues. 

Reproductive Traits 

In each Cycle, all F 1 cross females produced were re
tained to evaluate age and weight at puberty and reproduc
tion and maternal performance through 7 or 8 years of age. 
The females were produced in the spring, weaned at about 
seven months of age, developed in a drylot during their 
first winter, and placed on improved pasture at about 13 
months of age. They were maintained on improved pastur
es until their evaluation of reproduction and maternal per
formance was completed at 7 or 8 years of age. 
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Supplementary grass hay and alfalfa hay was provided 
( about 11 to 13 kg/cow daily) during the winter months. 
The females were bred for spring calvings to produce ter
minal cross calves by unrelated sire breeds. 

Age at Puberty 
Genetic variation among breeds relative to that within 

breeds for age at puberty is shown in Figure 113
. Means for 

F 1 crosses are shown on the lower horizontal axis. The 
spacing on the vertical axis is arbitrary but the ranking of 
biological types (separate bars) from the bottom to top re
flect, generally, increasing increments of mature size. 
Breed rankings within each biological type are noted with
in each bar. In Figure 1, differences are doubled in the 
upper horizontal scale to reflect variation among pure 
breeds relative to a standard deviation change in breeding 
value [ CTg = ( CTp(h)] within pure breeds. Frequency curves, 
shown for Jersey, the average of Hereford and Angus, 
Chiania, and Brahman reflect the distribution expected for 
breeding values of individual animals within pure breeds 
assuming a normal distribution (i.e., 68, 95 or 99.6% of the 
observations are expected to lie within the range bracketed 
by the mean ± 1, 2 or 3 standard deviations, respectively). 
The range for mean differences between breeds is esti
mated to be about 7.3 erg between Jersey and Brahman 
breeds. Bos indicus sired F 1 crosses had significantly older 
age at puberty than Bos taurus sired breed crosses. Both 
between and within breed sources of genetic variation 
were large and inportant for age at puberty. 

Figure 1. Breed group means (lower axis) and genetic va
riation between and within breeds (upper axis) 
for age of heifers at puberty13

. See Table 2 for 
abbreviations. 

VARIATION BETWEEN AND WITHIN BREEDS 
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Heifers sired by bulls of breeds with large mature size 
( e.g., Charolais, Chianina) tended to be older at puberty 
than heifers sired by bulls of breeds with smaller mature 
size (Hereford, Angus). However, the relationship be
tween mature size and age at puberty can be offset by asso
ciations with milk production. Breeds which have been 
selected for milk production reach puberty earlier than 
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breeds of similar mature size and lean growth potential 
that do not have a history of selection for milk production 
( e.g. , Simmental, Holstein, Brown Swiss and Gelbvieh ver
sus Charolais and Chianina). Also, it appears that the Bos 
indicus breeds (Brahman and Sahiwal), which exceeded all 
other breeds in age at puberty, have been subjected to se
lection pressures that set them apart from Bos taurus 
breeds in age at which they exhibit their first estrus. 

Although age at puberty differed signicantly among 
breeds, conception rate in yearling heifers did not differ 
consistently between breed groups reaching puberty at the 
oldest ages from those breed groups reaching puberty at 
the youngest ages. For example, conception rate of Brah
man and Sahiwal cross heifers was very high in spite of 
their older age at puberty. The heifers in all breed groups 
were grown and developed under dry lot conditions on a 
moderately high energy diet ( about 2.2 Meal metabolizable 
energy [ME] per kg) and conception rate was not limited 
by variation observed among breed groups in age at puber
ty. It has been shown that heifers developed more slowly 
on diets with lower energy density, exhibit puberty at sig
nificantly older ages and have lower conception rates than 
heifers developed more rapidly when exposed to breeding 
as yearlings17

• 
18

• 
19

. 

Reproduction. 
Breed group means for calf weaned expressed as a 

percentage of cows exposed to breeding are summarized in 
Figure 2. Differences between breeds are not expressed in 
standard deviations because reproduction rate has a bino-

Figure 2. Breed of sire of dam means for percentage calf 

R2 

crop weaned per cow exposed to breeding13
• See 

Table 2 for abbreviations. 
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mial distribution rather than a normal distribution. Only 
the most extreme differences in calf crop percentage born 
and weaned are statistically significant ( about 4% for com
parisons in the same Cycle and 6.0% for comparisons in 
different Cycles). The F1 cows by Bos taurus breeds of 
large size and low genetic potential for milk production 
(Charolais, Chianina, Limousin), large size and high genet
ic potential for milk production (Brown Swiss, Gelbvieh, 
Holstein, Simmental and Maine Anjou ), moderate size 
and low to moderate genetic potential for milk production 
(Hereford-Angus, Red Poll, Devon), small size and high 
genetic potential for milk production (Jersey), and moder
ately large and moderately high genetic potential for milk 
production (South Devon, Tarentaise, Pinzgauer) did not 
differ significantly from each other in calf crop percentage 
born or weaned. Results from other experiments have indi
cated· that if added nutrient requirements of cows of large 
size higher milk production potential are not met, the in
tervals from calving to first estrus increase and conception 
rates decline 20

• 21 • 
22 

. The F1 cows in each Cycle of the 
program have been run together on one feeding regime. 
The relatively high reproduction rate even for biological 
types with large size and high milk production potential 
indicates that the nutritional regime provided at MARC 
has been adequate to meet requirements for growth, main
tenance and lactation, even of the most productive groups. 

Calving traits. 
Results for calving difficulity and birth weight are 

shown in Figure 3 and Figure 4. Breed of sire of calf means 

Figure 3. Breed of sire means for calving difficulty versus 
birth weight for Hereford and Angus females 
calving at 4 years of age or older13• See Table 2 
for abbreviations. 
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for birth weight are plotted against those for calving diffi
culty in Figure 3. Breeds siring the heaviest calves at birth 
experience more calving difficulty than breeds siring calves 
with lighter birth weights. These results are for cows cal
ving at 4 yrs of age or older. The association between cal
ving difficulty and birth weight was greater in two- and 
three-year dams in Cycle I than in cows four years of age or 
older in Cycles I, II and III of the GPE program. Calving 
difficulty was in tum associated with increased calf mortal
ity23 and reduced rebreeding performance of dams (i.e., 
conception rate was 16% lower in females assisted at par
turition than in females that were not assisted 24). 

Figure 4. Breed of sire of dam means for calving difficulty 
versus birth weight for Hereford and Angus fe
males calving at 2 through 8 years of age13. See 
Table 2 for abbreviations. 
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Breed of sire of dam means for birth weight and cal
ving difficulty are plotted in Figure 4 for cows calving at 2 
through 8 yrs of age. In F 1 cows, the relationship between 
calving difficulty and birth weight of the calf is not as great 
(Figure 4) as for sire of F1 calf means (Figure 3). For exam- _ 
pie, progeny of Brown Swiss and Chianina cross cows had 
relatively heavy birth weights but below a~erage calving 
difficulty. Birth weight and calving difficulty for the Brah
man and Sahiwal sired F 1 females were remarkably low. 
When Brahman bulls were mated to Angus and Hereford 
dams, the Brahman sired F1 calves had heavy birth weights, 
comparable to Chianina, Charolais and Maine Anjou sired 
calves (Figure 3). However, birth weights of Brahman sired 
F1 cows were lighter than all breeds except Jersey and Sa
hiwal and calving difficulty less that 2% (Figure 4). The 
small birth weights and reduced calving difficulty of the 
Jersey are attributable to direct effects of calf genotype on 
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birth weight, but the reduced birth weight and calving diffi
culty of progeny out of Brahman and Sahiwal sired F1 cows 
are attributable to a pronounced maternal effect limiting 
fetal growth. 

Maternal Traits 

Milk Production 
Breed group means for milk production ( mean of 

three estimates based on calf weights before and after 
nursing obtained on a sample of 18 cows per breed group 
at 3 and 4 years of age) are shown in Figure 5. Among Bos 
taurus sired F 1 cows, breeds which have a history of selec
tion for milk production (Jerseys excelled in milk produc
tion, followed by Simmental, Gelbvieh, and Brown Swiss, 
then by Tarentaise, Pinzgauer and Red Poll) produced 
higher levels of milk than breeds which do not have a histo
ry of selection for milk production ( Charolais, Limousin, 
Chianina and Hereford-Angus). Maine Anjou F1 cows pro
duced relatively low levels of milk considering their history 
of selection for milk production. When breed group differ
ences are doubled in the upper horizontal scale to reflect 
variation among pure breeds relative to a standard devia
tion change in breeding value within pure breeds, indica
tions are that additive genetic variation between breeds is 
about equal to that within breeds for milk production. 

Figure 5. Breed group means (lower axis) and genetic va-
riation between and within breeds ( upper axis) 
for mean 12-hour milk production13. See Table 2 
for abbreviations. 
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Weaning Weight. 
Breed group means for weaning weight per calf 

weaned are summarized in Figure 6. The range in differ
ences between F1 cow means for weaning weight per calf 
weaned (Devon to Holstein) was about 2.2ag13 . In Figure 
6, differences between F1 cross means (1/4/ + 1/2gM) are 

67 

0 
"'O 
(D 

~ 

~ 
(") 
(D 
00 
00 

0.. ...... 
00 
,-+-
'"i 

~ 
~ ...... 
0 p 



adjusted to a purebred basis (g1 + gM). On a pureberd 
basis, the range in differences (5.3ag) is nearly as great as 
that expected among individuals within breeds (6cr g). Re
sults for weaning weight per calf weaned show strong asso
ciations with estimates of milk production (Figure 5) and 
with genetic potential for growth of F1 cows. Weaning 
weight per calf weaned for F1 cows by sire breeds of large 
size and low genetic potential for milk production (Charo
lais and Chianina) exceeded that for F1 cows by sire breeds 
of moderate size and low genetic potential for milk pro
duction (Hereford-Angus and Devon), but not by as much 
as F1 cows by sire breeds of large size and high genetic po
tential for milk production (Brown Swiss, Gelbvieh, 
Holstein, and Simmental). Weaning weight per calf 
weaned for F 1 cows by sire breeds of large size and low 
genetic potentail for milk production (Charolais and Chia
nina) were comparable to that for F1 cows by sire breeds of 
moderately large size and moderately high genetic poten
tial for milk production (South Devon, Tarentaise, Pinz
gauer ). 

Figure 6. Ereed of sire of dam means for 200 day weaning 
weight per calf weaned 13• See Table 2 for abbre
viations. 
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Breed group means for weaning weight per cow ex
posed to breeding are also summarized in Figure 7. In gen
eral, rankings for weaning weight per cow exposed to 
breeding correspond closely to those for weaning weight 
per calf weaned. Output was greatest for Zebu (Brahman 
and Sahiwal) and large size dual purpose breeds (Gelb
vieh, Brown Swiss, Maine Anjou and Simmental). Output 
of dual purpose breeds with intermediate size (Pinzgauer, 
Tarentaise and South Devon) was intermediate to that of 
Hereford-Angus F1 crosses and larger-higher milking dual 
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Figure 7. Breed of sire of dam means for 200 day weaning 
weight per cow exposed to breeding13

• See Table 
2 for abbreviations. 
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purpose breeds (Gelbvieh, Brown Swiss, Maine Anjou and 
Simmental). Output of Limousin and Charolais cross cows 
was similar to that of Hereford and Angus crosses. Extra 
growth rate of progeny out of Charolais cross cows was off
set by a relatively higher calf crop percentage weaned for 
Hereford-Angus cross cows. Output of Chianina crosses 
was high relative to Hereford-Angus, Limousin and Charo
lais crosses due to relatively high calf crop percentages and 
weaning weight. Output of Jersey crosses exceeded that of 
Hereford-Angus crosses by about 4 percent reflecting 
higher milk production. The higher milk production of 
Red Poll crosses and weaning weights of progeny out of 
Red Poll F1 crosses was offset by a lower calf crop weaned, 
so that differences between Red Poll and Hereford-Angus 
F1 cross cows were small for 200-day weight per cow ex
posed . 

Cow Size and Efficiency 
Cow Weight. 

Breed group means for cow weights at 7 years of age 
are shown in Figure 8. Mean weights of F1 cows by sire 
breeds of large size and low genetic potential for milk 
(Charolais and Chianina) exceed those of F1 cows by sire 
breeds of large size and high milk production (Brown 
Swiss, Gelbvieh, Holstein, and Simmental). Results for 
condition scores indicated that at least part of this differ
ence in weight was accounted for by differences in fatness 
of the cows. Mean weights of F 1 cows by sire breeds of 
large size and high genetic potential for milk production 
(Brown Swiss, Gelbvieh, Holstein, Simmental) were higher 
than those of F1 cows by sire breeds of moderate size and 
low genetic potential for milk production (Hereford-Angus 
and Devon). 
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Figure 8. Breed group means (lower axis) and genetic va
riation between and within breeds (upper axis) 
for cow weight at 7 years of age 13• See Table 2 
for abbreviations. 
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The vanatlon among and within breeds in mature 
weight is vast and highly heritable. If the range of differ
ences between F1 crosses is doubled to reflect differences 
between (8.1 erg), the range is somewhat greater than that 
expected for breeding value of individuals within breeds ( 6 
o-g). In any given environment the mature weight of cows 
can be determined with reasonable precision by the breeds 
chosen and by the breeding value of individuals used with
in breeds for growth rate and mature size. The question 
becomes, what is the optimum mature weight for any given 
environment? Heavier cow weight increases output per 
head from the production system when cows are sold; how
ever, heavier cow weight also increases nutrient require
ments per cow for maintenance of the cow herd. Ferrell 
and J enkins25 have estimated daily maintence require
ments of 130, 129, 145, and 160 kcal/kg·75 for mature 
Angus or Hereford, Charolais, Jersey, and Simmental sired 
F1 cows out of Hereford and Angus dams. 

Cow efficiency. 
Output/input differences of F1 cow breed groups in 

Cycle II of the GPE Program were studied during a 138.5 
day lactation interval26• In this experiment, F1 cross cows 
out of Hereford and Angus dams and sired by Hereford or 
Angus (HAx), Red Poll (Rx), Brown Swiss (Bx) , Gelbvieh 
(Gx), Maine Anjou (Mx) and Chianina (Cix) were fed to 
maintain their initial weight (see cow weight in table 3) for 
a 138 or 139 day period commencing at about 45 days post
partum in 1981 and 1982, respectively. The cows raising 
Simmental sired progeny were assigned to replicated pens 
(2 pens/year) of 12 cow calf pairs per pen. ME consump-

APRIL, 1990 

TABLE 3. Output/input differences among F1 cows of di-
verse biological type26 

Overall Bree d grou12a 
1 tern HAx Rx Bx Gx Mx Ci X 

Pro ge ny (138 days) 
We ight gain, lb 346 97 99 103 100 103 98 
Ene rgy consumed, Heal ME 744 106 10 2 99 96 98 99 

Dams (138 days) 
Milk production , lb/day 8. 8 85 101 118 111 104 82 
Cow weigh t, lb 11 38 98 91 97 100 10 7 l 07 
Fat probe, in . 25 124 101 91 93 90 l Ol 
Energy consumed, Mea l ME 3787 9 1 96 105 10 5 100 101, 

Eff i ciency (138 days) 
Progeny gain, lb/ Meal ME 
intake by cow a nd calf .077 103 103 99 97 10 3 95 

a Ratio pe rc e ntages computed relative to overall mean 1.1here !!Ax - He r efo rd or 
Angus, Rx - Red Pol l , Bx - Brown Swiss, Gx - Gelbvieh, Mx - Maine Anjou ,1 11d Cix 
- Chianina sired r1 crosses out of Hereford a nd Angus dams. 

tion was adjusted to zero bi-weekly weight change by re
gression procedures. Differences in progeny gain and ME 
consumption were not significant (P .05). Perhaps this is 
not surprising for progeny groups that differed for direct 
breed effects only by a 1/4 contribution from their mater
nal grandsire (i.e., all progeny were 1/2 Simmental, and 
either 1/4 Hereford or 1/4 Angus). Significant differences 
were found among F 1 cow breed groups for milk produc
tion, cow weight, fat thickness (average of estimates mea
sured at beginning and end of experiment) and energy 
consumption. The Hereford-Angus cross cows required 
significantly less feed than the Brown Swiss, Gelbvieh 
Maine Anjou, and Red Poll sired F1 cross cows and Red 
Poll sired Ft cross cows required less than Glebvieh, Maine 
Anjou and Chianina sired F1 cross cows. The Hereford
Angus, Red Poll and Maine Anjou sired F 1 cross cows were 
significantly more efficient than the higher milking Brown 
Swiss and Gelbvieh cross cows and the larger sized Chiani
na F1 cross dams, possibly due to greater benefits of com
plementarity when raising progeny by Simmental sires. 
Comementarity is provided for in terminal sire systems of 
crossbreeding when cows of small size are raising progeny 
by sires of a different breed that excels in lean tissue 
growth rate. 

Feed required for maintenance and lactation by F1 

cows sired by Brahman, Sahiwal, Pinzgauer and Hereford 
or Angus sires out of Hereford or Angus dams in Cycle III 
of the GPE program were studied in a drylot during a 126 
day summer period in 1988 in mature cows 27 {table 4). 
Breed groups differed in size, milk yield, progeny gains and 
feed required for maintence. Efficiency (gain of calf during 
126 day preweaning period, kg/Meal ME consumed by cow 
and calf) of Bos indicus x Bos taurus F1 cross (Brahman x 
Hereford, Brahman x Angus, Sahiwal x Hereford, Sahiwal 
x Angus) cows was 10% greater than that of Bos taurus x 
Bos taurus F, cross (Hereford x Angus, Angus x Hereford, 
Pinzgauer x Angus) cows. 

Increases in output associated with increased size 
tend to be offset by increases in feed requirements for 
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TABLE 4. Output/input differences among Bos indicus x 
Bos taurus and Bos taurus x Bos taurus sources 
of Germ Plasm 27 

Ove rall Breed grou12a 
I t·c•m mean HAx Pzx B111x Sw:-: 

l'roec,ny (126 days) 
Weigh t gain , lb 284 91 98 109 102 
Energy c onsumed, Mea l ME 593 112 102 91 91, 

();1111s (126 days) 
Milk productio n, lb/day 14 . 6 93 11 3 99 91, 
Cow weigh t, l b 1 ,229 98 100 10 5 96 
Fat probe, in . 46 89 92 104 11 5 
E11crgy co nsume d , Mea l ME 3,305 94 105 104 97 

Efficie ncy ( 126 days) 
Progeny gai n , l b / Mea l ME 
i11take by cow and ca l f .073 94 95 106 lOG 

" R,1Lio perce n tage s computed re l at i ve t o ove r a ll mean where HAx - He reford or 
A11eu s , Pzx - P i nzgauer, Bmx • Bra hma n a nd S\olX - Sahiwa l si r e d F1 crosses out 
of lie re ford and Angus da ms . 

maintenance, so that differences in efficiency are small 26
• 

27, 28, 29, 30. Increases in output of progeny weight associated 
with increasing increments of milk production of dams ap
pear to be more than offset by increased feed requirements 
for lacation 26

• 
30

• 
31

• The key to efficient production is syn
chronizing the genetic potential for mature weight and 
milk production with the feed resources which can be pro
vided most economically. 

Matching Germ Plasm to Climatic Environment 

Use of Bos indicus germ plasm is strongly favored in 
the subtropics ( e.g., Gulf coastal regions of U.S.). In a co
operative effort between the Subtropical Agricultural Re
search Station, (ARS, USDA and the University of 
Florida), Brooksville, Florida and MARC, a sample of 
about 60 females each by Brahman, Sahiwal, Pinzgauer 
and Hereford or Angus sired F1 crosses out of :f!ereford 
and Angus dams produced at MARC in Cycle III of the 
G PE program were transferred to Florida, to evaluate gen
otype-environment interactions. Data are shown in Table 5 
for reproduction and maternal performance of the F1 cows 
when mated to Red Poll sires to produce their first calves 
and to Simmental sires for their subsequent calves through 
5 or 6 years of age. Weaning weight per cow exposed was 
signifcantly greater for the Bos indicus x Bos taums F1 

crosses (Brahman x Hereford, Brahman x Angus, Sahiwal x 
Hereford, Sahiwal x Angus) than for the Bos taums x Bos 
taums FI crosses (Hereford x Angus, Angus x Hereford, 
Pinzgauer x Hereford, Pinzgauer x Angus) at both loca
tions, but the advantage was especially large in Florida. 
Part of this advantage is likely attributable to the extra het
erosis in Bos taums x Bos taums crosses 32

• 33 • Birth weights 
were much lighter for all breeds in Florida than in Nebras
ka and calving difficulty was observed only rarely in any 
breed. Cooperative studies (unpublis.hed) involving com
parable germ plasm at MARC and Louisiana or Texas 
have also demonstrated that birth weight of calves are sig
nificantly lighter in warm climates than in cold climates. At 
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TABLE 5. Reproduction and maternal performance of 
Bos indicus x Bos taurus and Bos taurus x Bos 
taurus breed crosses in temperate (MARC, 
Clay Center, NE) and subtropical environ-
ments (STARS, Brooksville, FL) 

Breed group of dama 

Trait Location HAx Pzx Bmx Swx Av . 

Pregnancy rate, % NE 92 93 94 95 94 
FL 83 80 86 89 85 

Calf survival,% NE 93 91 92 93 92 
FL 98 94 98 97 97 

Birth wt , lb NE 81 88 78 72 80 
FL 60 69 64 56 62 

Weaning wt NE 498 536 560 529 531 
per calf , lb FL 437 473 553 523 497 

Weaning wt NE 428 453 482 469 459 
per cow exposed, lb FL 356 357 463 454 407 

aHAx - Hereford or Angus, Pzx - Pinzgauer, Bmx .- Brahman 
and Swx - Sahiwal sired F1 crosses out of Hereford and Angus 
dams . 

MARC, fall born calves (last trimester of gestation during 
summer months) are about 5 lb lighter than spring born 
calves (gestation during winter months) of comparable 
breeding. The reduction in birth weight from Nebraska to 
Florida is somewhat greater for progeny of Bos taums x Bos 
taums cross F1 cows than for progeny of Bos indicus x Bos 
taums cross F1 cows. However, as noted above, birth 
weights of calves out of Bos indicus x Bos taums F1 dams 
tend to be less than those of calves out of Bos taums x Bos 
taums F1 dams in climatic zones. 

Although calving difficulty was much less for progeny 
of Bos indicus x Bos taums FI cross cows than for Bos taums 
x Bos taums F1 cross cows in the temperate Nebraska cli
mate, this advantage was not accompanied by increased 
calf survival (Table 6) as would be expected in Bos taums 
breed crosses23

• Recent results, involving reciprocal back
cross and F 2 calves differing in the ration of Bos indicus 
(Brahman, Sahiwal) to Bos taums (Hereford, Angus, Pinz
guer) inheritance (0:100, 25:75, 50:50 and 75:25), showed 
that mortality increased! as the proportion of Bos indicus 
inheritance increased in calves born during early spring 
months (March-April)34, especially as average tempera
ture on the day of a calfs birth decreased (Table 6). Calves 
with 50% or more Bos indicus inheritance were not as well 
adapted as calves with only 25% or less Bos indicus inheri
tance to calving conditions which can be characterized as 
cold (mean daily temprature, 40 F; cold and wet ( 45 F 
and .1 inch precipitation; or cold and windy (Ko = 800 
Kcal/m2 /hour). Results in Table 5 and Figure 7 are for 
progeny with 25% Bos indicus inheritance, progeny of first 
calf heifers were by Red Poll sires and all progeny at subse
quent calvings were by Simmental sires. 
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TABLE 6. Least squares means for breed group and aver
age daily temperature classes 

Temp. Bos indicus:Bos taurus ratio 
class 

(Fo) 0:100 25:75 50:50 75:25 Mean 

Number of calves 

~52 118 33 57 42 250 
46 to <52 71 26 42 17 156 
41 to <46 75 11 28 26 140 
36 to <41 73 29 44 25 171 
30 to <36 89 26 so 21 186 

<30 53 14 28 12 107 
Total 479 139 249 143 1010 

Mortality, birth to weaning (MORT, %) 

~52 2 0 4 1 2 
46 to <52 2 5 0 4 2 
41 to <46 5 0 4 36 11 
36 to <41 2 4 4 41 13 
30 to <36 1 2 22 37 16 

<30 3 8 12 9 8 
Mean 3 3 8 21 

Heat chamber required (HEAT, %) 

~52 0 0 0 0 Q. 

46 to <52 0 0 10 17 7 
41 to <46 4 0 2 27 8 
36 to <41 14 17 30 32 23 
30 to <36 16 34 54 27 33 

<30 29 17 66 86 so 
Mean 11 11 27 31 

Mortality or heat chamber (MORT-HEAT, %) 

~52 2 0 4 1 2 
46 to <52 2 5 10 20 9 
41 to <46 9 0 6 54 17 
36 to <41 16 21 34 52 30 
30 to <36 17 36 64 60 44 

<30 32 25 76 86 55 
Mean 13 14 32 46 

Summary 

Significant variation exists among breeds for age at 
puberty, calving difficulty, milk production, weaning 
weight of progeny and cow size. The range for differences 
between breeds was comparable in magnitude to the range 
for breeding value of individuals within breeds for most of 
these traits which are important in cow herds. Thus, signif
icant genetic change can result from selection both be
tween and within breeds. 

Faster gaining breed groups of larger mature size tend 

APRIL, 1990 

to reach puberty at a later age than the slower gaining 
breed groups of smaller mature size. Breeds that have 
been selected for milk production reach puberty at young
er ages than those that have not been selected for milk pro
duction. 

Output is maximum for cows that excel in milk pro
duction and lean growth potential if nutrient requirement 
are met to support growth, maintenance and lacatation 
and~igh levels of reproduction. Differences in output tend 
to be offset by differences in input for maintenance and 
lactation so that differences in efficiency are relatively 
small. To optimize reproduction rate in the cow herd, ma
ture size and milk production level should be matched with 
the climatic environment and feed resources available. 

Brahman and Sahiwal cross cows excel in weaning 
weight per cow exposed and cow efficiency, perhaps be
cause of extra heterosis in Bos indicus x Bos taurus crosses 
relative to Bos taurus x Bos taurus crosses. However, calves 
with 50% or more Bos indicus inheritance are not as well 
adapted as calves with only 25% or less Bos indicus inheri
tance to calving conditions which can be characterized 
as cold (mean daily temperature, < 41°F); cold and wet 
( < 46°F and ~0.1 inch precipitation); or cold and windy 
(Ko~ 800 Kcal/mzfhour). 
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