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This study was undertaken to evaluate the effect and the impor-

tance of some genetic and some environmental factors such as

heterosis, type of crosses, breed differences, linebred effect,

general combining ability, sex-linkage effect, maternal, sex, year,

month of birth, inbreeding of dam, initial weight and age of calves

and influences of some two-way interactions on preweaning perform-

ance of beef calves. The traits were recorded on 530 beef calves

from Angus and Hereford breeds over an eight year period inclusive,

at Oregon State University. The traits studied were birth weight,

weights at two-week intervals, three 42-day periodic gains, weaning

weight and suckling gain.

The experimental design included 26 genetic groups, 6 different



types of crosses and 4 lines of beef cattle. The mean squares,

variance components, relative percentage of variation, and constants

due to the effects of the level of the factors were obtained from

analysis of the data.

Effect due to maternal ability was the most significant source

of variation and accounted for about 50% of the total variation in body

weights during the suckling period. General combining ability and

sex-linked effect were either small or non-existent for all the pre-

weaning traits except weaning weight. Significant general combining

ability and sex-linked effects detected for body weights at weaning

and the constant estimations of breed and line effects showed that

Hereford calves were significantly heavier at birth than Angus calves

with an average difference of 8 lbs. However, Angus calves were

heavier by 35 lbs. at 140 days and 18 lbs. at weaning than Hereford

calves. The average suckling gain of Angus calves was 0. 3 lbs.

more than that of Hereford calves. The variations among the lines

were highly significant at birth and accounted for 7. 4% of total varia-

tion in body weight. Heterotic effects were generally small and not

significant; however, a significant difference due to this factor was

detected for birth weight and suckling gain.

Effect of age of dam was highly significant for all the traits and

accounted for 4. 5% of the total variation in body weights during the

preweaning period. There was a difference of 0.4 lb. detected for



suckling gain of calves when age of dam increased from 2 to 6 years.

Significant depressions due to the effect of inbreeding of dam on

performance traits were found only during the late part of suckling

periods. Year effect was highly significant for all the traits and it

was more pronounced during the early suckling period. Over the

8-year period, the highest differences in year effect for average

weaning weight o f calves was 51 lbs. The influence of month of

birth was highly significant on later preweaning weights and suckling

gains. It shows that early born calves were significantly heavier

than those born later in the season. The difference between early

and later born calves in body weight was about 20 lbs. at 140 days

of age. Sex effect was highly significant for preweaning body weights

but this effect was low or not significant for suckling gains. Bull

calves were 4. 3 lbs. heavier at birth and 32. 8 lbs. heavier at weaning

than heifer calves.

The most important source of variations due to two-way inter-

actions for most of the traits was maternal x year interaction. This

interaction accounted for about 13% of the total variation in body

weight during the first 100 days of the suckling period but it dropped

to 10. 7% at weaning time. All the two-way interactions accounted for

14.5% birth weight, 13. 5% in weight at 140 days and 15.7% in weaning

weight of the total variations.



Genetic Analysis of Maternal Ability and Evaluation of
Some Environmental Factors Affecting

Preweaning Performance of
Beef Cattle

by

Feridoun Eftekhari-Shahroudi

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Doctor of Philosophy

June 19 72



APPROVED:

Redacted for Privacy

Professor of areneti s and Director of Genetic Institute
in c arge of major

Redacted for Privacy

Dean of the Graduate School

Date thesis is presented

Typed by Opal Grossnicklaus for Feridoun Eftekhari-Shahroudi



ACKNOWLEDGEMENT

I wish to express sincere appreciation and heartfelt gratitude

to Dr. Ralph Bogart for the opportunity of making this study and for

his guidance and encouragement throughout the graduate program.

The time and advice given by Dr. Kenneth E. Rowe on the

statistical analysis of the data used in this thesis is gratefully

acknowledged.

Gratitude is expressed to my graduate Committee Members:

Dr. Ralph Bogart, Dr. Paul E. Bernier, Dr. Roger C.

Peterson, Dr. N,rbert A. Hartmann, Jr., Dr. Harry K.

Phinney, Dr. Clinton B. Reeder, and Dr. John A. Edwards

for the time and competent advice that they contributed.

It is also my desire to thank H. Ray Burkhart, Ronald E. Lind,

and all of the other graduate students who helped me in the graduate

program and in this study.

Special thanks go to my wife, Marokh, for her encouragement,

patience, sacrifices, and assistance without which my graduate work

could not have been accomplished.



TABLE OF CONTENTS

INTRODUCTION 1

MATERIALS AND METHODS 4

Biological Materials 4

Statistical Methods 7

RESULTS AND DISCUSSION 18

Main Tables of Least Squares Analysis for Preweaning
Performance Traits 18

Effects of Some Genetic Factors on Preweaning
Performance of Beef Calves 18

Maternal Effect 18

Mathematical Analysis of Maternal Effects 18

General Combining Ability 62

Purebreeding 65
Linecrossing and Crossbreeding 74

Heterosis 79

Effects of Some Environmental Factors on Preweaning
Performance of Beef Calves 88

Effect of Age of Dam 88

Inbreeding of Dam 95
Year Effect 99

Effect of Month of Birth 102

The Influence of Sex 106

Two-way Interaction 110

SUMMARY AND CONCLUSIONS 114

BIBLIOGRAPHY 119



LIST OF FIGURES

Figure Page

1 Least squares constants for maternal effect
on body weight of Hereford calves of three
lines from birth to 140 days of age.

2 Least squares effects by lines and breeds of
beef cattle on body weight of calves from
birth to 140 days of age.

3 Least squares effects on calves of Angus and
Hereford breeds on periodic gain at three
different intervals.

59

67

68

4 Least squares differences between Angus
and Hereford calves. 69

5

6

7

8

9

Least squares effects on line crosses and
their reciprocal crosses on body weight of
calves from birth to 140 days of age.

Least squares constants for joint maternal
and line effect of three line cross Herefords
on body weight from birth to 140 days of age.

Graphic diagram of relative percentage of
variation due to the differences of Angus from
Hereford and among line breds on body weight
of the calves from birth to 140 days of age.

Least squares effects of age of dam on body
weight of the calves from birth to 140 days
of age.

70

71

72

91

Least squares effects of age of dam on
periodic gain at three different intervals. 92

10 Graphic diagram of relative percentage of
variation due to age of dam on body weight
from birth to 140 days of age. 93



Figure Page

11 Least squares effects of inbreeding of the dam
on the preweaning cumulative body weight of
their calves from birth to 140 days of age.

12 Least squares effects due to month of birth
on body weight of the calves from birth to
140 days of age.

98

104

13 Least squares constants due to sex effects on
body weight of calves from birth to 140 days of
age and periodic gain at three different intervals. 108

14 Three dimensional diagram of least squares
constants for sex-by-maternal effect interaction
on weaning weight of the calves.

15 Graphic diagram of relative percentage of
variation due to age of dam type of breeding on
body weight of the calves.

111

116



LIST OF TABLES

Table Page

1. Experimental design including mating type, genetic
groups and number of offspring by sex and calving
season. 5

2. The degrees of freedom and the mean squares for
cumulative weight from birth to 28-day body weight. 19

3. The degrees of freedom and the mean squares for
cumulative weight from 42-day to 70-day body weight. 21

4. The degrees of freedom and the mean squares for
cumulative weight from 84-day to 112-day body
weight. 23

5. The degrees of freedom and the mean squares for
cumulative weight from 126-day to 140-day body
weight and suckling gain.

6. The degrees of freedom, mean squares, and F-value
for weaning weight and periodic gain from 14 to 56
days of age.

7. The degrees of freedom, mean squares, and F-value
for periodic gain from 56 to 98 and 98 to 140 days of
age.

8. Estimation of variance component and relative per-
centage of variation for body weight from birth to
14 days of age.

9. Estimation of variance component and relative per-
centage of variation for body weight from 28 to 42
days of age.

10. Estimation of variance component and relative per-
centage of variation for body weight from 56 to 70
days of age.

11. Estimation of variance component and relative per-
centage of variation for body weight from 84 to 98
days of age.

25

27

29

31

33

35

37



Table Pa e

12. Estimation of variance component and relative
percentage of variation for body weight from 112
to 126 days of age.

13. Estimation of variance component and relative
percentage of variation for body weight at 140 days
of age and suckling gain.

14. Estimation of variance component and relative
percentage of variation for weaning weight and
periodic gain from 14 to 56 days of age.

15. Estimation of variance component and relative
percentage of variation for periodic gain from 56
to 98 days and from 98 to 140 days of age.

16. F-values and least squares effects of maternal
abilities on preweaning performance of calves of
three Hereford lines.

39

41

43

45

58

17. F-values and least squares effects for sex-linkage
on preweaning performance of calves. 60

18. F-values and least squares effects on preweaning
performance of calves for general combining ability
of the three Hereford lines. 63

19. F-values and least squares effects on preweaning
performance of calves of different breeds of cattle. 66

20. F-values and least squares effects on preweaning
performance of calves of different lines of Hereford
cattle. 75

21. F-values and least squares effects on preweaning
performance of calves of line-crosses and their
reciprocal crosses. 76

22. F-values and least squares effect on preweaning
performance of crossbred calves. 78

23. Least-squares effects on preweaning performance
of calves of different types of crossing. 87



Table Page

24. F-values and least squares effects of age of dam on
preweaning performance of calves. 89

25. F-values and least squares effects of dam's inbreeding
on preweaning performance of calves. 97

26. F-values and least squares effects of year on pre-
weaning performance of calves. 100

27. F-values and least squares effects of month of birth
on preweaning performance of calves. 1 03

28. F-values and least squares effects of sex on pre-
weaning performance of calves. 107



GENETIC ANALYSIS OF MATERNAL ABILITY AND EVALUATION
OF SOME ENVIRONMENTAL FACTORS AFFECTING

PRE WEANING PERFORMANCE OF BEEF CATTLE

IN TROD UC TION

Considerable variation in performance traits of beef cattle

exists which may be caused by differences in genetic potential of

individuals as well as differences in environmental conditions. Intel-

ligent manipulation of the variability within the population (breed)

structure permits the animal breeder to change the average perform-

ance of the population as rapidly as possible in the desired direction.

The permanent improvement which can be transferred from genera-

tion to generation can only be achieved by increasing the frequencies

of the genes responsible for superior performance. The two main

forces that can bring about genetic improvement in beef cattle popula-

tions are breeding systems and selection programs.

The breeding system can complement the selection program by

increasing the genetic variation within the herd and introducing desir-

able genes which tend to make selection more efficient. The breeding

system may also create genetic homogeneity which makes selection

more accurate. The breeding system creates favorable combinations

of genes and selection increases the frequency of these gene combina-

tions within the population. The breeding system, as an independent

force, can cause extra depression or heterosis in performance traits.

The reasons why certain types of crosses are superior to others in
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performance traits have not been deeply investigated. However,

differences in heterosis and superiority of maternal effects of cross-

bred or line-cross dams have usually been cited as the main reasons

for the difference in performance of crossbred or linecross calves.

Selection is realized to be the most productive force for the

genetic improvement of beef cattle. However, improvement due to

selection in a beef cattle operation is slower than for most other

species of farm animals due to the long generation interval and low

frequency of multiple births in cattle.

During the past few decades a considerable amount of genetic

research has been conducted on beef cattle. However, due to the

extreme cost of collection of data on traits at regular time intervals

throughout the preweaning period and from weaning weight to slaughter

weight, accurate estimations of environmental factors, genetic fac-

tors and interaction of factors are limited. Preweaning measurements

contain an environmental component, a genetic component, and inter-

action components. Since, in a breeding program, we are interested

in the heritable or genetic component of the performance traits, we

have to adjust the components due to all other sources of variation

such as sex, age, season and year.

The optimum breeding plan and selection program are mainly

dependent on accurate information on the genetic parameters and the

relative importance of the genetic parameters on production traits.
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The unbiased estimation of the genetic factors is dependent upon the

involvement of other factors which have generally been assumed to

be unimportant in beef cattle. However, experimental evidence indi-

cates that this assumption is not necessarily true. Any particular

factor that may have an effect on performance traits can not be

divorced from all other factors. Due to the interdependence of the

factors a researcher must consider the effects of all other factors

on the estimation of the factor or combination of factors he is investi-

gating.

The purposes of the present study are to evaluate the genetic,

environmental, and interaction sources of variation on weights and

gains at various stages during the preweaning period of growth and to

investigate the relative importance of these sources of variation as

factors influencing preweaning performance traits of beef calves.
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MATERIALS AND METHODS

Biological Materials

The experimental animals used in the present study consisted

of 530 beef calves; 251 heifers and 279 bull calves, born at Oregon

State University over an eight-year period between 1963 and 1970.

The data included 16 performance records on each of these calves.

The initial population comes from three genetically distinct, closed

Hereford lines of cattle and one closed Angus line. The lines of

cattle were: (1) Lionheart, (2) Prince, (3) David and (4) Angus. All

lines were closed to outside breeding from 1950 until the initiation

of the line-crossing program in 1962 through 1965, crossbreeding

program from 1964 to 1968, and multiple line-crossing program

starting in 1966 and extending to 1969. The purebreeding program

for the three Hereford lines continued to 1965 while for Angus it was

extended to the present time. The experimental design includes 26

genetic groups with four line breeds and six different types of crosses

from two breeds of cattle. The design is presented by breeding

groups, sex, and calving season in Table 1.

The management practices remained constant from year to

year. It has been a general practice to use two bulls in each line

for each year which kept inbreeding at a somewhat lower level.
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Table 1. Experimental design including mating type, genetic groups and number of offspring by
sex and calving season.

Mating type
Parent Sex Calving Season

TotalSire Dam cr I II III**

Linebred A A* 76 69 107 31 7 145

L L 11 10 14 5 2 21

P P 12 8 14 5 1 20

D D 11 4 12 1 2 15

Two-way- L P 15 10 16 S 4 25

linecrosses L D 9 10 13 5 1 19

P L 7 15 13 7 2 22

P D 12 7 13 5 1 19

D L 17 6 13 9 1 23

D P 9 9 8 8 2 18

Crossbred A L 7 7 10 4 14

A P 3 5 4 3 1 8

Three-way A PD 12 15 17 6 4 27

crossbreds A PL 18 27 38 6 1 45

A LD 13 12 22 3 27

Three-way PD L 7 9 10 1 5 16

linecrosses LD P 3 2 3 1 1 5

PL D 6 2 5 1 2 8

Double PD PL 6 3 2 5 2 9

linecrosses PL LD 4 2 3 2 1 6

PL PD 3 1 2 2 4

LD PD 3 4 - 5 2 7

LD PL 6 6 3 3 6 12

LD LD 2 2 1 - 3 4

PL PL 5 4 3 5 1 9

PD PD 2 2 3 1 4

Total: 279 251 344 131 55 530

*Where: A = Angus line, L = Lionheart, P = Prince, D = David, PL = 1/2 Prince + 1/2 Lionheart.

**Where: I = a period of two months involving February and March
II = a period of one month, April.

III = a period of two months including May and June.
However, overall, we had 9 calves born in February and 3 calves in June.



6

Each sire was used two years in the rotational manner, thus effects

of years could be separated from sire effects. It was estimated that

the average inbreeding coefficient of the dam was 8. 4 %. The ages

of the dams ranged from 2 to 14 years of age. Seven-year-old cows

and over were statistically considered as one group. In an attempt

to maintain a high level of fertility, cows were culled if they missed

two calves. Also, abnormalities and inherited defects were consid-

ered on a minimum culling basis; all the twin calves were disregarded

in this study.

On the average, there were 66 calves per year with a range of

54 to 92. No creep feed was available to the calves during the pre-

weaning period. The heifer calves were weaned at 375 lbs. and the

bull calves were weaned at 425 lbs. live weight, but those calves that

could not make these weights were weaned at the end of October

regardless of their weight. Birth weight, birth dates, weights at

two-week intervals, weaning weight, weaning date, and suckling gain

were recorded for each calf. From the information obtained on these

calves, the following records were used in the present study:

1. Birth weight

2. 14 days cumulative weight

3. 42 days periodic gains, from 14 days old to 56 days old

4. 28 days cumulative weight

5. 42 days cumulative weight
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6. 56 days cumulative weight

7. 42 days periodic gain, from 56 days old to 98 days old

8, 70 days cumulative weight

9. 84 days cumulative weight

10. 98 days cumulative weight

11. 42 days periodic gain from 98 days old to 140 days old

12. 112 days cumulative weight

13. 126 days cumulative weight

14. 140 days cumulative weight

15. Weaning weight

16. Suckling gain

Statistical Methods

Due to unbalanced data and unequal subclass frequencies, esti-

mation of variance components, test of hypotheses, and estimation

of constant effects of different level of the factors involved can not

be solved by the routine technique of the analysis of variance. The

mathematical model used for the analysis was derived from models

outlined by Harvey (1968). It is a least-squares analysis of data with

unequal subclass numbers by the method of fitting constants to the

data in which direct matrix arithmetic is involved. The procedures

for computing the data with unequal subclass number were developed

and explained in considerable detail by Brandt (1933), Yates (1933,
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1934), Nilks (1938), Hazel (1946), Henderson (1948, 1949, 1952),

McElroy (1967), Harvey (1959, 1968) and Wilkinson (1970).

The importance of selecting the appropriate linear mathematical

model was based on two main factors: first, the model should de-

scribe the biological involvement of the design and second, it has to

satisfy the required statistical assumptions. The following are

several desirable properties of this model, least-squares method,

which were suggested by Henderson (1948). (1) The estimates are

unbiased. (2) The sampling error for each estimate is small.

(3) The computations can always be carried out. (4) The method

provides a straightforward way for obtaining the variance-covariance

matrix of the parameter estimates. (5) Parameter estimates can be

made independently of any assumption with regard to the distribution

of error terms. (6) If the error terms are assumed to be normally

distributed, test of hypotheses can be made by using the F- distribu-

tion, and confidence intervals can be calculated. (7) The method

provides the maximum amount of information from a set of data

with disproportionate subclass frequencies.

Data from this design were used to study the factors listed

below which were believed to have some effects on the traits under

consideration:

1. Heterosis

2. Type of crosses
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3. Breed differences

4. Effects due to line differences

5. General combining ability

6. Sex linkage effects

7. Maternal effects

8. Sex differences

9. Year effects

10. Effects due to calving season

11. Age-of-dam effects

12. Effects of inbreeding of the dams on preweaning performance

of the young

13. Effects of age of calves on their weaning weight

14. Effect due to initial weights

15. Interaction of some of the above factors

Due to statistical limitations of the design, specific combining

ability and effect of dominance deviations cannot be estimated; however,

the heterosis effect can give some indication of the level of domi-

nance involved in these traits.

The following is the mathematical model and hypothesis designed

for analyzing the behavior of the effects that may be caused by these

factors:



P'abhijkstxy = µ + Hh + Tt +

Where:

10

+L +N.. +G +G +M .+R
tij ii 2i 2j 21 2ij

+ Aa + Ss + Y + Xx + (two wayinteraction)y

+ dD + eaijkstxy + fFabhit abhijkstxy.

Response, is the performance of the kth individ-
Pabhijkstxy

ual of sth sex born in yth year and xth calving

season on the progeny of a mating of a dam from

ithe ith line with a sire of the j th line in the tth

type of breeding, belonging to the a th age of

dam.

- is the overall mean when equal frequencies exist

in all subclasses and D jkstxyai
is equal to fFabhis

equal to zero.

Hh - is an effect common to all progeny of the hth

general breeding type.

where: h = 1, 2

1 = purebred

2 = crossbred

The difference between these two effects being an

estimation of heterosis.
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Tt - Type of crosses, is an effect common to all the

progeny of the tth crossing type.

where: t = 1, 2, ..., 6

1 = line bred

2 = two-way linecrosses

3 = crossbred

4 = three-way linecrosses

5 = three-way linecrosses

6 = double linecrosses

These effects include some information

about the value of specific types of crosses.

Bb - Breed differences, effect common to all the

progeny of bth breed within the straight-bred

groups.

where: b = 1, 2

1 = Hereford

2 = Angus

This is a measure of the completely com-

pounded maternal and genetic effects

between two purebred groups.

L - Effect common to all the progeny of a mating
j

th.between a dam of the I. breed and belonging

to the tth type of cross with a sire of j th line,
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that is a comparison of different type of crosses.

N.. Line effect, common to all the progeny of mating

between a dam of the ith line of Hereford and a

sire of the ith line of Hereford, this will measure

the differences among these three pure lines of

Hereford within the Hereford breed.

where: n = 1, 2, 3

1 = Lionheart line

2 = Prince line

3 = David line

G2i - ith breed of dam and non-related sire.

thG2j - j breed of sire and non-related dam.

G
23

.(G
21
.) - is the general combining ability effect, common

thto all the progeny of the j (ith) line. It can be

that for one-half of the additive genetic value

(breeding value) of the jth line, if M2. equals
htzero, the deviation of all the progeny of the j

line of dam from the mean approaches G2i(G2i).

M2i - Maternal effect, is an effect in addition to the

general combining ability, common to all the

ithprogeny having the . line as the female parent.

The M 2i
measure the prenatal and postnatal

thmothering ability of the i line of dam rather



13

than transmission of genetic material from h.t

line of female to her young.

R - Sex linkage effect, is an effect common to all the
213

thprogeny of matings of males of the j line to

females of the ith line. This is an effect in addi-

tion to the general combining ability and maternal

effect. R
21

are the measure of the differences
3

between reciprocal crosses after account has

been taken of the differences in maternal ability

between the ith line and .th line.

Aa - Age of dam effect, common to all the progeny of

a
th year old dam,

where: a = 1, 2, ..., 6

1 = two years old

2 = three years old

and

6 = seven years old or more

Ss Sex effect, common to all individuals belonging

to sth type of sex,

where: s = 1, 2

1 = male

2 = female

Y - Year effect, common to all calves born at
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yth year.

where: y = 1, 2, ...., 8
1 = year of 1963

= year of 1964

and

8 = year of 1970

X
x

- Calving season, an effect common to all the

calves born at nth period.

where: x = 1, 2, 3

1 = February and March

= April

3 = May and June

d - Partial regression of the response on age of calf.

D An independent continuous variable, correspond-

ing to the age in days of the calves when the

weaning weights were taken.

f - Partial regression of the response on inbreeding

of the related dam.

F - An independent continuous variable corresponding

to the inbreeding of the related dam.

two-way interaction

- The following two-way interactions are believed

to have an effect on traits under consideration:
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Type of breed x sex

Sex x GCH

Linebred x sex

Sex x year

Calving season x sex

Maternal x calving season

Maternal x year

Maternal x sex,

These are joint effects of two factors after the

average effect of both individual factors have

been removed, and it is due to the failure of

the response of one factor to be independent of

the levels of another factor, or i.e.: the failure of

simple effect of one factor to be the same for all

levels of the other factor.

- Random errors, which are assumed to be inde-

pendent and normally distributed with the mean

equal to zero and common variance equal to Cr
2.

The error terms are the failure of the mathe-

matical model to completely specify the response

and fit perfectly the actual biology of the mater-

ial. Cause of error term is a variation between

progeny of within abhijstxyth subclasses, which
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includes Mendelian sampling and effects due to

environmental factors which are not measured

or cannot be measured by this model.

The subscrip 1 denotes that the effects are measured only among the

progeny of the first type of mating (linebred) and subscript 2 denotes

that the effects are measured among the progeny of the two-way line-

cross and double linecross matings.

The least squares means are constructed from the constant

estimates, for example:

The overall mean is defined to be:

A A A- A= a+fF +dD

where:

p. = overall estimated mean

F = mean inbreeding of the dams

= mean age of calves when weaning weights were taken
AEstimate of the means of classes such as Y , are equal to la +Y.

A

Estimate of the means of classes such as the (SY) , sex x
sy

A '\ 1\year effect, are p. + Y + S + (SY) ,
sy

when

Y is the constant estimate of year effect

(SY) is the constant estimate of sex by year effect whensy

effects of sex and year have been taken out.



The standard errors for these means are determined as follows:

S = Cµµ u
e

s(P-+Y C + CYY + 2 C FLY cr e

S[µ +(SY)syj
+ C"' sY + 2 CP" sY

e

17

where the C's denote elements of the matrix inverse to the

variance - covariance matrix, the superscripts designate the particu-

lar elements and e is the error standard deviation. The additional

following restrictions are imposed on the constant estimates of this

analysis:

All the values are expressed as deviations from the means,

thus:

H = +E E.N = E.L . = E.L +E.6 = E.G =h h tt bb 1 1 2i) .) 213 2i 2) 1 2i

A
= E.R.. + = R.. + R.. E A = E S = E Y = E11.) )31 13 )1 a a ss yy xx
= (each two-way interaction) = 0

In this study, least squares analysis, estimation of variance

components, and estimation of constants effects of each factors were
computed. Tables of raw means and least-squares means were

constructed and tests of significance among different factors were

made for all the performance traits that were included.
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RESULTS AND DISCUSSION

Main Tables of Least Squares Analysis for
Preweaning Performance Traits

Tables 2 to 15 show least squares analysis for preweaning

performance traits, including degrees of freedom, mean squares,

partitions of variances and relative percentage of variations.

Effects of Some Genetic Factors on Preweaning
Performance of Beef Calves

Maternal Effect

Mathematical Analysis of Maternal Effects. Maternal effects

are prenatal and postnatal influences of the mother on her young.

They are among most important sources of indirect genetic effects

in mammalian species which contribute environmentally to the off-

spring. They are also a genetic influence in the sense that the

differences among the dams' genotypes are expressed in the pheno-

typic traits of their young. Thus, the phenotypic expression of the

young will be influenced by two genetic components: (1) Direct

genetic effect which is the progeny's own genotype. (2) An effect

due to the genotype of the dam which is a maternal effect.

Phenotypic value of the maternal effect, P , can be divided

into component parts attributable to the influence of the maternal
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Table 2. The degrees of freedom and the mean squares for cumulative weight from birth to 28-day
body weight.

Source of Variation d. f.
Birth

Weight
14-day

Body Weight
28-day

Body Weight

Type of breeding 5 202. 50** 313. 73+ 332.21

Linebred: 3 687. 09** 527. 10** 253. 33

Angus vs. Hereford 1 1564.80 ** 292. 66 45.98

Among Hereford lines 2 494.77 ** 754.95+* 379.94

Two-way linecrosses: 5 219. 67** 1606. 67** 609. 65-1-*

General combining ability 2 92.89 23. 53 216.07

Maternal ability 2 502. 40** 3531. 64** 1190. 00**

Sex-linkage 1 165.59 66.15 103.85

Crossbred 1 4.77 0.79 9.52

Three-way crossbred 2 271. 58** 1003. 57** 1064.06 -1*

Three-way linecrosses 2 295. 06** 63.45 140.46

Double linecrosses: 7 167. 12** 374.90* 446.31+

Four-way vs. two-way 1 117. 21 52.79 127.59

Among two-way cross 2 224.56* 17. 13 169.09

General combining ability/4 way 2 249.60+* 23.12 14. 19

Maternal /4 -way 1 309.85* 56.80 77.33

Sex - linkage /4 -way 1 125.90 321.66 0.15
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Table 2. (Continued)

Source of Variation d. f.
Birth

Weight
14-day

Body Weight
28-day

Body Weight

Sex 1 711.60 ** 335.26 1738.72 **

Year 7 211.81 ** 1361.42 ** 1578.08 **

Month of birth 2 55.04 581, 23-4 181.99

Age of Dam 5 320. 75** 1936. 30** 2890. 73**

Sex x sex-linkage of two-way 1 0. 05 139. 66 3. 22

Sex x type of breeding 5 198. 25** 352. 20+ 522. 10*

Sex a general combining ability 2 27. 20 24. 34 89 . 85

Sex x sex-linkage of four-way 1 7. 65 12. 21 248.78

Sex x linebred 3 131.92+ 217.62 128. 18

Sex x year 7 44.21 287.57+ 211.31

Sex x month of birth 2 48.'67 85.36 41.89

Maternal x month of birth 4 81.51 219. 62 118.03

Maternal x year 6 701. 38** 2553. 72** 1865.82 **

Maternal x sex 2 26. 26 19. 73 30. 93

Regression on F of dam 1 7.77 15.43 52.79

Error term 455 62. 14 164. 53 234.76

Total 530 ..--

+ statistically significant at less than ten percent level (p <0. 10)

* statistically significant at less than five percent level (p <0.05)

+* statistically significant at less than than two and one-half percent level (p < 0. 025)

** statistically significant at less than one percent level (p <0.01)
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Table 3. The degrees of freedom and the mean squares for cumulative weight from 42-day to 70-day
body weight.

Source of Variation d. f.
42-day

Body Weight
56-day

Body Weight
70-day

Body Weight

Type of breeding 5 256. 67 385. 59 425. 03

Linebred: 3 237.71 447.54 889.94

Angus vs. Hereford 1 14.32 499.84 1606. 21+

Among Hereford lines 2 352. 02 248. 66 226. 26

Two-way linecrosses: 5 2029. 58** 3112. 59** 5422. 92**

General combining ability 2 424.73 306.93 358.89

Maternal ability 2 3937. 24** 6537. 20** 11268. 51**

Sex-linkage 1 228.77 33.10 21.55

Crossbred 1 60.96 45.00 390.11

Three-way crossbred 2 2085. 87** 3422. 78** 2671. 58**

Three-way linecrosses 2 360.96 359.91 408. 63

Double linecrosses: 7 542. 79* 752. 41+ 899. 54+

Four-way vs. two-way 1 6. 64 245. 25 71. 21

Among two-way cross 2 114. 58 154.89 110. 17

General combining ability /4 -way 2 13.88 12. 68 29. 38

Maternal /4 -way 1 39.16 83.53 21.08

Sex - linkage /4 -way 1 56.14 26.86 73.50
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Table 3. (Continued)

Source of Variation d. f.
42-day

Body Weight
56-day

Body Weight
70-day

Body Weight

Sex 1 2219. 24** 3123.62** 2860. 32+*

Year 7 1637. 94** 1482. 53** 1703. 02**

Month of birth 2 161. 26 515. 86 2268. 19+*

Age of dam 5 S840. 30 ** 9415. 54** 13207. 74**

Sex x sex-linkage of two-way 1 4.97 20. 19 107.88

Sex x type of breeding S 753. 05* 1109. 08+* 1530. 78**

Sex x general combining ability 2 129.80 398. 18 595. 22

Sex x sex-linkage of four-way 1 30. 70 92.10 4. 14

Sex x linebred 3 412.01 617.30 638. 56

Sex x year 7 227.81 593. 24 817.05

Sex x month of birth 2 225.99 366.74 365.36

Maternal x month of birth 4 128. 15 17.80 39. 68

Maternal x year 6 3189. 79** 4841. 14 ** 7441.96**

Maternal x sex 2 14. 18 47.80 32.09

Regression on F of dam 1 276.84 261.64 906. 32

Error term 455 317.59 422. 79 505.71

Total 530

+ statistically significant at less than ten percent level (p <0.10)

* statistically significant at less than five percent level (p <0.05)

+* statistically significant at less than two and one-half percent level (p < 0.025)

** statistically significant at less than one percent level (p <0.01)
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Table 4. The degrees of freedom and the mean squares for cumulative weight from 84-day to
112-day body weight.

Source of Variation d. f.
84-day

Body Weight
98-day

Body Weight
112-day

Body Weight

Type of breeding 5 426.77 798.98 631.56

Linebred: 3 1510.40+ 3266. 18** 5221.04 **

Angus vs. Hereford 1 3851. 37+* 8511. 86** 14192. 12**

Among Hereford lines 2 54.85 149.24 187.89

Two-way linecrosses: 5 6778. 63** 8722. 56** 12627. 00**

General combining ability 2 363.05 54.90 70. 19

Maternal ability 2 14180. 31** 19462. 21** 29023. 13**

Sex-linkage 1 83.27 578.35 1241.28

Crossbred 1 125.73 455.58 781. 25

Three-way crossbred 2 3225.90 4826. OS** 4691. 66**

Three-way linecrosses 2 921. 66 642.43 936.03

Double linecrosses: 7 1034. 13 1387. 82+ 1352.92

Four-way vs. two-way 1 44. 58 445. 52 89.46

Among two-way cross 2 128.63 229. 19 53.40

General combining ability/4-way 2 28. 17 7.42 79. 64

Maternal /4 -way 1 7. 23 25. 69 22.96

Sex - linkage /4 -way 1 124.67 126.16 493.27



24

Table 4. (Continued)

Source of Variation d. f.
84-day

Body Weight
98-day

Body Weight
112-day

Body Weight

Sex 1 3052.72* 3775.93* 4869. 62+*

Year 7 1987.33** 1924.29+* 1895.34*

Month of birth 2 3478.51** 5390.75** 5691.85**

Age of dam 5 17462. 53** 20429.83 ** 23017. 73**

Sex x sex-linkage of two-way 1 47.66 250.35 138.69

Sex x type of breeding 5 1749.77+* 2378.3944 2337.28*

Sex x general combining ability 2 874.54 1582.09 2881.46*

Sex x sex-linkage of four-way 1 42.56 27.72 0.23

Sex x linebred 3 1292.55+ 1747.61+ 1804.85

Sex x year 7 784.44 1199.85 1262.96

Sex x month of birth 2 354.73 81.72 389.87

Maternal x month of birth 4 110.15 152.95 330.45

Maternal x year 6 9520. 15** 12294. 25** 16127.95**

Maternal x sex 2 58.49 224.70 270.28

Regression on F of dam 1 1019.94 1767.38 3309.94

Error term 455 647.68 762.58 930.34

Total 530

+ statistically significant at less than ten percent level (p <0.10)

* statistically significant at less than five percent level (p < 0.05)

+* statistically significant at less than two and one-half percent level (p < 0.025)

* * statistically significant at less than one percent level (0 <0. 01)
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'fable 5. The degrees of freedom and the mean squares for cumulative weight from 126-day to

140-day body weight and suckling gain.

Source of Variation d. f.
126-day

Body Weight
140-day

Body Weight
Suckling

Gain

Type of breeding 5 1163.09 1692.78 0. 16855*

Linebred: 3 6717. 56** 10740. 03** 0. 79003**

Angus vs. Hereford 1 18089. 72** 30456.41 ** 2. 23430**

Among Hereford lines 2 357.80 366. 64 0. 11927

Two-way linecrosses: 5 17073. 46** 19550. 38** 0. 74786**

General combining ability 2 499.19 285.92 0.07168

Maternal ability 2 39068. 53** 44984. 21** 1. 60632**

Sex-linkage 1 2383.28 1657.81 0.19886+

Crossbred 1 990.76 521.29 0.01908

Three-way crossbred 2 7966. 47** 7683. 94** 0. 31770**

Three-way linecrosses 2 1056.74 2239.47 0.04472

Double linecrosses: 7 2261. 60* 2833. 52* O. 11632

Four-way vs. two-way 1 602. 17 678. 83 0.03135

Among two-way cross 2 249. 24 541. 25 0.02513

General combining ability /4 -way 2 40. 35 70.91 0. 01939

Maternal /4 -way 1 19.98 12.88 0.01587

Sex-linkage/4-way 1 238.42 742.06 0.05641
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Table 5. (Continued)

Source of Variation d. f.
126-day

Body Weight
140-day

Body Weight
Suckling

Gain

Sex 1 5541.91+ 7295.73+* 0. 18284+

Year 7 2677. 26+* 3428. 55** 0. 37444**

Month of birth 2 9436.39 ** 12863. 61** 0.41473 **

Age of dam 5 28474.04 ** 30465. 11** 1.20132 **

Sex x sex-linkage of two-way 1 630.91 408.00 0.00053

Sex x type of breeding 5 2793.37+* 2723.31* 0. 10659

Sex x general combining ability 2 4326.67+* 5333.01+* 0,33655 **

Sex x sex-linkage of four-way 1 1.12 161.85 0.06714

Sex x linebred 3 2723.67+ 3613.41+ 0.20954 **

Sex x year 7 1174.55 14777. 16 0.09975

Sex x month of birth 4 966.94 1503.45 0.02364

Maternal x month of birth 6 676.23 901.64 0.04211

Maternal x year 2 20723. 23** 23056. 42** 0.77265 **

Maternal x sex 2 597.16 743.76 0.06794

Regression on F of darn 1 5419. 38 +* 5676.91* 0.48191**

Error term 455 1056.57 1256.56 0.06611

Total 530

+ statistically significant at less than ten percent level (p <0. 10)

* statistically significant at less than five percent level (p <0.05)

+* statistically significant at less than two and one-half percent level (p <0,025)

** statistically significant at less than one percent level (p <0. 01)
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Table 6. The degrees of freedom, mean squares, and F-value for weaning weight and periodic
gain from 14 to 56 days of age.

Source of Variation d. f.
Weaning weight

Gain from 14 to
56 days of age

M. S. F-value M. S. F-value

Type of breeding 5 949.85 1.48 169.50 0.75

Linebred: 3 3623.98 5.64 ** 666.18 2.96 **

Angus vs. Hereford 1 7739.23 12.05 ** 1705.09 7.59 **

Among Hereford lines 2 498.52 0.78 259 . 87 1.16

Two-way linecross: 5 56756. 83 88.38 ** 182.90 0.81

General combining ability 2 3696.40 5. 76** 180. 57 0.80

Maternal ability 2 128279. 33 199. 75** 320. 10 1.46

Sex-linkage 1 16638.24 25.91** 200.66 0.89

Crossbred 1 3111.01 4.84* 34.55 0.15

Three-way crossbred 2 18241. 04 28. 40** 577. 28 2. 57+

Three-way linecrosses 2 1994. 50 3. 11* 539.99 2.40+

Double linecrosses: 7 2627. 09 4.09 ** 156. 36 0. 70

Four-way vs. two-way 1 3288.19 5.12-i-* 70.56 0.31

Among two-way cross 2 2063.40 3. 21* 197. 65 0. 88

General combining ability/
4-way 2 664.44 1.04 74.71 0.33

Maternal /4 -way 1 307.32 0.48 317.04 1.41

Sex-linkage/4-way 1 693.99 1.08 220. 55 0.98

Sex 1 39998. 11 62.28 ** 1139.18 5.07+*
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Table 6. (Continued)

Weaning weight
Gain from 14 to
56 days of age

Source of Variation d. f.
M. S. F-value M. S. F-value

Year 7 11967. 78 18. 64** 1310. 28 5. 83**

Month of birth 2 105865. 07 164.84 ** 2295.14 10. 21**

Age of dam 5 1770. 69 2.76* 2489.89 11.08 **

Sex x sex-linkage of two-way 1 10437. 33 16. 25** 322. 58 1.44

Sex x type of breeding 5 4492. 16 6.99** 210.83 0.94

Sex x general combining ability 2 4603. 22 7. 17** 255. 56 1. 14

Sex x sex-linkage of four-way 1 0.06 0.00 26.83 0. 12

Sex x linebred 3 1206.14 1.88 272.52 1. 21

Sex x year 7 2720.80 4. 24** 339.52 1.51

Sex x month of birth 2 1856. 60 2. 89 + 608. 33 2.71+

Maternal x month of birth 4 7228.42 11. 26** 304.87 1.36

Maternal x year 6 62528. 59 97. 36** 433. 67 1.93+

Maternal x sex 2 7834.43 12. 20** 130.80 0.58

Regression on F of dam 1 9316.34 14.51 ** 383.56 1.71

Regression on age of calf 1 85116. 64 132. 54**

Regression on initial weight 1 570.94 2. 54

Error term 454 642.22 224.80

Total 530 - --

+ statistically significant at less than ten percent level (p < 0.10)
* statistically significant at less than five percent level (p <0.05)

+* statistically significant at less than two and one-half percent level (p < 0. 025)

** statistically significant at less than one percent level (p < 0.01)
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Table 7. The degrees of freedom, mean squares, and F-value for periodic gain from 56 to 98 and
98 to 140 days of age.

Source of Variation d. f.

Gain from 56 to
98 days of age

Gain from 98 to
140 days of age

M. S. F-value M. S. F-value

Type of breeding 5 272.33 1.80 303.81 1.48

Linebred: 3 1465.19 9.69 ** 1426.28 6.96 **

Angus vs. Hereford 1 4237. 12 28. 02** 422.77 20. 62**

Among Hereford lines 2 260. 21 1.72 229.05 1.12

Two-way linecross: 5 968.69 6.41 ** 922.31 4.50 **

General combining ability 2 452.50 2.99+ 184.80 0.90

Maternal ability 2 1766.99 11. 68** 2109. 58 10. 29**

Sex-linkage 1 963.07 6.37 - 145.07 0.71

Crossbred 1 176.71 1.17 6.95 0.03

Three-way crossbred 2 74 . 81 0.50 33.90 0. 17

Three-way linecrosses 2 279.57 1.85 551. 59 2. 69+

Double linecrosses: 7 63.97 0.42 148.42 0.72

Four-way vs. two-way 1 5.09 0.03 1. 10 0.01

Among two-way cross 2 38. 55 0. 26 114.40 0. 56

General combining ability/
4-way 2 30.97 0. 21 43.44 0. 21

Maternal /4 -way 1 35. 10 0.23 42.40 0. 21

Sex - linkage /4 -way 1 25. 18 0.17 164. 77 0.80

Sex 1 24.88 0.17 219.75 1.07
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Table 7. (Continued)

Source of Variation d. f.

Gain from 56 to
98 days of age

Gain from 98 to
140 days of age

M. S. F-value M. S. F-value

Year 7 268.98 1.78 + 1454.05 7.09**

Month of birth 2 2182.47 14.43** 731.64 3.57**

Age of dam 5 571.31 3.78** 220.73 1.08

Sex x sex-linkage of two-way 1 499.55 2.97+ 1.74 0.01

Xex x type of breeding 5 87.14 0.58 251.99 1.23

Sex x general combining ability 2 610.57 4.04+* 630.41 3.08*

Sex x sex-linkage of four-way 1 38.96 0.26 581.17 2.84+

Sex x linebred 3 148.04 0.98 142.55 0.70

Sex x year 7 88.88 0.59 329.43 1.61

Sex x month of birth 2 235.88 1.56 996.44 4.86**

Maternal x month of birth 4 105.36 0.70 325.04 1.59

Maternal x year 6 839.63 5.55** 498.68 2.43+*

Maternal x sex 2 399.17 2.64 92.55 0.45

Regression on F of dam 1 531. 07 3.51 632.37 3.08+

Regression on initial weight 1 7838.97 51.83** 1069.75 52.18**

Error term 454 151.23 205.02

Total 530

+ statistically significant at less than ten percent level (p <0. 10)

* statistically significant at less than five percent level (p <0.05)

+* statistically significant at less than two and one-half percent level (p< 0.025)

** statistically significant at less than one percent level (p <0.01)

Symbols used are consistent throughout the study.
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Table 8. Estimation of variance component and relative percentage of variation for body weight
from birth to 14 days of age.

Source of Variation
Birth Weight 14-day Body Weight

2
cr 2

Cr

Type of breeding 4.05 1.1 4.31 0.3

Linebred 27.95 7.4 16.22 1.3

Angus vs. Hereford 34.37 9.1 2.93 0.2

Among Hereford lines 26.87 7.1 36.67 2.8

Two-way linecrosses 6.29 1.7 57.60 4.5

General combining ability 1.86 0.5 0.00 0.0

Maternal ability 93.58 24.7 715.72 55.3

Sex-linkage 9.13 2.4 0.00 0,0

Three-way crossbred 11.39 3.0 45.65 3.5

Three-way linecrosses 31.79 8.4 0.00 0.0

Double linecrosses 3.69 0.8 7.39 0. 6

Sex 4. 27 1. 1 1, 12 0. 1

Year 2.93 0.8 23.43 1.8

Month fq birth 0.00 0.0 4. 09 0.3
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Table 8. (Continued)

Source of Variation

Birth Weight 14-day Body Weight

2
c °A*

2
CT U.

*
cy.

Age of dam 3.41 0.9 23.36 1.8

Sex x sex-linkage of two-way 0.00 0.0 0.00 0.0

Sex x type of breeding 2.99 0.8 4.13 0.3

Sex x general combining ability 0.00 0.0 0.00 0.0

Sex x linebred 2.89 0.8 2.20 0.2

Sex x year 0.00 0.0 2.39 0.2

Sex x month of birth 0.00 0.0 0.00 0.0

Maternal x month of birth 1.08 0.3 3.08 0.2

Maternal x year 47.75 12.6 178.49 13.8

Maternal x sex 0.00 0.0 0.00 0.0

Regression on F of dam 0.00 0.0 0.00 0.0

Error term 62.14 16.4 164.53 12.7

2
cr = Variance Component

% = Relative percentage of variation which defined as the variance component over the total

variation, the result adjusted for 100 percent basis. The total variation includes the mean

squares for all the sources (with 75 d. f. ) plus mean squares for error term.
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Table 9. Estimation of variance component and relative percentage of variation for body weight
from 28 to 42 days of age.

Source of Variation

28-day
Body Weight

42-day
Body Weight

2
cr

i

*0 2
Cr

i

*

Type of breeding 2.82 0.4 0.00 0.0

Linebred 0.83 0. 1 0.00 0, 0

Angus vs. Hereford 0.00 0.0 0.00 0.0

Among Hereford Lines 9.62 1.3 2. 14 0. 3

Two-way linecrosses 14.97 2. 1 68.38 4. 2

General combining ability 0.00 0.0 6.47 0.4

Maternal ability 203.05 28.3 769.40 47.8

Sex-linkage 0.00 0.0 0.00 0, 0

Three-way crossbred 45.12 6.3 96. 21 6.00

Three-way linecrosses 0.00 0. 0 5.92 0.4

Double linecrosses 7.43 1.0 7.91 0.5

Sex 9.88 1.4 12.49 0.8

Year 26. 29 3.7 25.84 1. 6

Month of birth 0.00 0.0 0.00 0.0



Table 9. (Continued)

Source of Variation

28-day
Body Weight

42-day
Body Weight

2
cr

i

*
96

2
cr.

1

*
%

Age of dam 35.01 4.9 72.80 4.5

Sex x sex-linkage of two-way 0.00 0.0 0.00 0.0

Sex x type of breeding 6.33 0.9 9.59 0.6

Sex x general combining ability 0.00 0.0 0.00 0.0

Sex x linebred 0.00 0.0 3.91 0.2

Sex x year 0.00 0.0 0.00 0.0

Sex x month of b rth 0.00 0.0 0.00 0.0

Maternal x month of birth 0.00 0.0 0.00 0.0

Maternal x year 121.83 17.0 214.53 13.3

Maternal x sex 0.00 0.0 0.00 0.0

Regression on F of dam 0.00 0.0 0.00 0.0

Error term 234.76 32.7 317.59 19.7

34

2

i
Variance Component

Relative percentage of variation which defined as the variance component over the total
variation, the result adjusted for 100 percent basis. The total variation includes the mean
squares for all the sources (with 75 d. f. ) plus mean squares for error term.
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Table 10. Estimation of var'ance component and relative percentage of variation for body weight

from 56 to 70 days of age.

Source of Variation

56-day 70-day
Body weight Body weight

2 2
Cri Cr i

Type of breeding 0.00 0.0 0.00 0.0

Linebred 1.11 0.0 17.19 0.4

Angus vs. Hereford 1.76 0.1 25.18 0.6

Among Hereford lines 0.00 0.0 0.00 0.0

Two-way linecrosses 107.44 4.3 196.41 5.0

General combining ability 0.00 0.0 0.00 0.0

Maternal ability 1299.70 51.5 2287.76 58.0

Sex-1 nkage 0.00 0.0 0.00 0.0

Three-way crossbred 163.23 6.5 117.84 3.0

Three-way linecrosses 0.00 0.0 0.00 0.0

Double linecrosses 11.58 0.5 13.84 0.6

Sex 17.74 0.7 15.47 0.4

Year 20.74 0.8 23.44 0.6

Month of birth 0.91 0.0 17.31 0.4



Table 10. (Continued)

Source of Variation

56-day 70-day
Body weight Body Weight

2 * 2 *
IT % IT

i i

Age of dam 118.55 4.7 167.45 4.2

Sex x sex-linkage of two-way 0.00 0.0 0.00 0.0

Sex x type of breeding 15.11 0.6 22.57 0.6

Sex x general combining ability 0.00 0.0 5.87 0.1

Sex x linebred 8.05 0.3 5.50 0.1

Sex x year 3.32 0.1 6.06 0.2

Sex x month of birth 0.00 0.0 0.00 0.0

Maternal x month of birth 0.00 0.0 0.00 0.0

Maternal x year 330.02 13.1 518.09 13.1

Maternal x sex 0.00 0.0 0.00 0.0

Regression on F of dam 0.00 0.0 0.03 0.0

Error term 422.79 16.8 505.71 12.8

2
=-- Variance Component

*% = Relative percentage of variation which defined as the variance component over the total
variation, the result adjusted for 100 percent basis. The total variation includes the mean
squares for all the sources (with 75 d. f. ) plus mean squares for error term.

36
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Table 11. Estimation of variance component and relative percentage of variation for body weight
from 84 to 98 days of age.

Source of Variation

84-day 98-day
Body Wei ght Body Weight

2
cr

i

2
Cr

i

Type of breeding 0.00 0.0 1.05 0.0

Linebred 38.59 0.8 111.98 1.6

Angus vs. Hereford 73.30 1.4 177.30 2. 6

Among Hereford lines 0.00 0.0 0.00 0.0

Two-way linecrosses 244.89 4.8 317.95 4. 6

General combining ability 0.00 0.0 0.00 0.0

Maternal ability 2876. 53 56. 5 3974.84 57. 3

Sex-linkage 0.00 0.0 0.00 0.0

Three-way crossbred 140. 28 2.8 221. 09 3. 2

Three-way linecrosses 37.39 0.7 0.00 0.0

Double linecrosses 13. 58 0. 3 21.97 0. 3

Sex 15.78 0.3 19.80 0.3

Year 26.22 0.5 22.74 0.3

Month of birth 27 . 80 O. S 45.45 0.7



Table 11. (Continued)

Source of Variation

84-day
Body Weight

98-day
Body Weight

2
Cr

i

*
%

2
Cr

i

*
%

Age of dam 221.67 4.4 259.27 3.7

Sex x sex-linkage of two-way 0.00 0.0 0.00 0.0

Sex x type of breeding 24.27 0.5 35.58 0.5

Sex x general combining ability 14.87 0.3 53.72 0.8

Sex x linebred 26.69 0.5 40.77 0.6

Sex x year 2.66 0.1 8.51 0.1

Sex x month of birth 0.00 0.0 0.00 0.0

Maternal x month of birth 0.00 0.0 0.00 0.0

Maternal x year 662.71 13.0 861.34 12.4

Maternal x sex 0.00 0.0 0.00 0.0

Regression on F of dam 0.03 0.3 0.07 0.0

Error term 647.68 12.7 762.58 11.0

38

2
cr = Variance Component

*
= Relative percentage of variation which defined as the variance component over the total

variation, the result adjusted for 100 percent basis. The total variation includes the mean
squares for all the sources (with 75 d. f. ) plus mean squares for error term.
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Table 12. Estimation of variance component and relative percentage of variation for body weight
from 112 to 126 days of age.

Source of Variation

112-day
Body Weight

126-day
Body Weight

2

i

*
%

2

i

*

Type of breeding 0.00 0.0 3.08 0.0

Linebred 191.91 2.0 253.20 2.0

Angus vs. Hereford 303.42 3. 2 389.71 3.0

Among Hereford lines 0.00 0.0 0.00 0.0

Two-way linecrosses 467.20 4.9 639.77 5.0

General combining ability 0.00 0.0 0. 00 0.0

Maternal ability 5971.48 62.5 8079.93 62.7

Sex-linkage 27.45 0.3 117.14 0.9

Three-way crossbred 204.65 2. 1 375.97 2.9

Three-way linecrosses 0.78 0.0 0.02 0.0

Double linecrosses 14.85 0. 2 42.35 0. 3

Sex 25.88 0.3 29.47 0.2

Year 18.89 0.2 31.72 0.3

Month of birth 46.76 0.5 82.30 0.6



Table 12. (Continued)

Source of Variation

112-day
Body Weight

126-day
Body Weight

2
cr.

1

*
%

2
Cr

1

*
°A

Age of dam 291.17 3.0 361.44 2.8

Sex x sex-linkage of two-way 0.00 0.0 0.00 0.0

Sex x type of breeding 30.98 0.3 38.24 0.3

Sex x general combining ability 127.89 1.3 214.35 1.7

Sex x linebred 36.20 0.4 59.01 0.5

Sex x year 6.47 0.1 2.30 0.0

Sex x month of birth 0.00 0.0 0.00 0.0

Maternal x month of birth 0.00 0.0 0.00 0.0

Maternal x year 850.46 8.9 1100.55 8.5

Maternal x sex 0.00 0.0 0.00 0.0

Regression on F of dam 0.17 0.0 0.30 0.0

Error t erm 930.34 9.7 1056.57 8.2
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2
cri --.. Variance Component

*
% r-- Relative percentage of variation which defined as the variance component over the total

variation, the result adjusted for 100 percent basis. The total variation includes the mean

squares for all the sources (with 75 d. f. ) plus mean squares for error term.
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Table 13. Estimation of variance component and relative percentage of variation for body weight

at 140 days of age and suckling gain.

Source of Variation

140-day
Body Weight Suckling Gain

2
C

1

*
%

2
CT

1

Type of breeding 12.61 0.1 0.00296 0.5

Linebred 424.18 2,7 0.02892 4.5

Angus vs. Hereford 668.08 4.3 0.04960 7.6

Among Hereford lines 0.00 0.0 0.00330 0.5

Two-way linecrosses 730.72 4.7 0.02723 4.2

General combining ability 0.00 0.0 0.00034 0.1

Maternal ability 9294.87 59.4 0.33589 51.7

Sex-linkage 35.43 0.2 0.01122 1.7

Three-way crossbred 349.71 2.2 0.01369 2.1

Three-way linecrosses 134.14 0.9 0.00000 0.0

Double linecrosses 55.42 0.4 0.00685 1.1

Sex 39.67 0.3 0.00077 0.1

Year 42.51 0.3 0.00604 0.9

Month of birth 113.99 0.7 0.00342 0.5
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Table 13. (Continued)

Source of Variation

140-day
Body Weight Suckling Gain

U2 cr
2

Age of dam 385. OS 2.5 0.01497 2.3

Sex x sex-linkage of two-way 0.00 0.0 0.00000 0.0

Sex x type of breeding 32.30 0.2 0.00089 0.1

Sex x general combining ability 89.76 0.6 0.01773 2.7

Sex x linebred 97.56 0.6 0.00594 0.9

Sex x year 263.08 1.7 0.00065 0.1

Sex x month of birth 2.48 0.0 0.00000 0.0

Maternal x month of birth 0.00 0.0 0.00000 0.0

Maternal x year 1628.31 10.4 0.05277 8.1

Maternal x sex 0.00 0.0 0.00013 0.0

Regression on F of dam 0.31 0.0 0.00003 0.0

Error term 1256.56 8.0 0.06611 10.2

2
cr

i
= Variance Component

*% = Relative percentage of variation which defined as the variance component over the total
variation, the result adjusted for 100 percent basis. The total variation includes the mean
squares for all the sources (with 75 d. f. ) plus mean squares for error term.
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Table 14. Estimation of variance component and relative percentage of variation for weaning
weight and periodic gain from 14 to 56 days of age.

Source of Variation
Weaning Weight Gain from 14 to

56 days of age

2

1

2
Cr.

1

Type of breeding 8.90 0.02 0.00 0.0

Linebred 135. 62 0.31 19.89 4.2

Angus vs. Hereford 167. 10 0.38 34.00 7.2

Among Hereford lines 0.00 0.00 2. 20 0. 5

Two-way linecrosses 2259.47 5. 14 0.00 0.0

General combining ability 184.48 0.42 0.00 0.0

Maternal ability 29740. 59 67. 61 21.75 4. 6

Sex-linkage 1424.81 3.24 0.00 0.0

Crossbred 128.32 0.29 0.00 0.0

Three-way crossbred 592. 12 1.35 12.01 2.5

Three-way linecrosses 184.84 0.42 42.72 9.0

Double linecrosses 69.83 0. 16 0.00 0.0

Sex 264.47 0. 60 6.03 1. 3

Year 222.37 0.51 21.25 4.5

Month of birth 1046.75 2. 38 20.47 4. 3



Table 14. (Continued)

Source of Variation

Weaning Weight Gain from 14 to
56 days of age

2
Cr

1

cr
2

%*

Age of dam 15.32 0.03 30.39 6.4

Sex x sex-linkage of two-way 873.03 1.98 8.62 1.8

Sex x type of breeding 85.13 0.19 0.00 0.0

Sex x general combining ability 265.88 0.60 2.02 0.4

Sex x linebred 23.49 0.05 1.98 0.4

Sex x year 40.67 0.09 2.25 0.5

Sex x month of birth 12.27 0.03 3.86 0.8

Maternal x month of birth 373.07 0.85 4.49 0.9

Maternal x year 4726.51 10.74 15.78 3.3

Maternal x sex 502.27 1.14 0.00 0.0

Regression on F of dam 0.60 0.00 0.01 0.0

Regression on age of calf 0.64 0.00

Regression on initial weight 0.46 0.0

Error term 642.22 1.46 224.80 47.3
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2
Cr = Variance Component
*% = Relative percentage of variation which defined as the variance component over the total

variation, the result adjusted for 100 percent basis. The total variation includes the mean

squares for all the sources (with 75 d. f. ) plus mean squares for error term.
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Table 15. Estimation of variance component and relative percentage of variation for periodic gain

from 56 to 98 days and from 98 to 140 days of age.

Source of Variation

Gain from 56 to
98 days of age

Gain from 98 to
140 days of age

2
cr

2

Type of breeding 3.51 0. 7 2.86 0. 3

Linebred 58.86 6. 1 55. 22 6. 2

Angus vs. Hereford 93.73 9. 6 5. 10 0. 6

Among Hereford lines 6.78 0. 7 1.49 0. 2

Two-way linecrosses 32. 83 3.4 28.89 3.3

General combining ability 18. 20 1.9 0.00 0.0

Maternal ability 362. 07 37. 2 440. 57 49.8

Sex-linkage 71.69 7.4 0.00 0.0

Crossbred 1.33 0.1 0.00 0.0

Three-way crossbred 0.00 0.0 0.00 0.0

Three-way linecrosses 17. 54 1. 8 47. 39 5. 4

Double linecrosses 0.00 0.0 0.00 0, 0

Sex 0.00 0.0 0.10 0.0

Year 2.31 0. 2 24.48 2.8

Month of birth 20.01 2. 1 5. 28 0. 6
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Table 15. (Continued)

Source of Variation

Gain from 56 to
98 days of age

Gain from 98 to
140 days of age

2
T.

1

*
%

2
T.

1

*
%

Age of dam 5.71 0.6 0.22 0.0

Sex x sex-linkage of two-way 26.24 2.7 0.00 0.0

Sex x type of breeding 0.00 0.0 1.05 0.1

Sex x general combining ability 30.18 3.1 28.07 3.2

Sex x linebred 0.00 0.0 0.00 0.0

Sex x year 0.00 0.0 2.43 0.3

Sex x month of birth 0.85 0.0 7.96 0.9

Maternal x month of birth 0.00 0.0 6.72 0.8

Maternal x year 52.02 5.4 22.19 2.5

Maternal x sex 17.15 0.6 0.00 0.0

Regression on F of dam 0.03 0.0 0.03 0.0

Regression on initial weight 0.04 0.0 0.00 0.0

Error term 151.23 15.6 205.02 2.3

2
T Variance Component

*% = Relative percentage of variation which defined as the variance component over the total
variation, the result adjusted for 100 percent basis. The total variation includes the mean
squares for all the sources (with 75 d. f. ) plus mean squares for error term.
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genotype, G , and the maternal environment, E , thus:

P = E +G (1)
m m m

Now, the phenotypic expression of the young, P , is a function of the

maternal phenotype, its own genotype, Gy, and nonmaternal environ-

ment, Enm, thus:

Py =Pm +G
y

+ Enm (2)

Nongenetic circumstances, or environmental deviations (e.g. E ,m

Enm
) that influence the phenotypic value of the young, are assumed to

to be random factors with a mean of zero. The mean of environmental

deviation in the whole population is equal to zero. Thus, the mean

of the phenotypic value is equal to the mean of the genotypic value

(Falconer, 1970).

The phenotypic expression of the young in terms of the mean

value from equation number two is:

15y =Pm +G +E+Enm

where:

Enm 0 by definition

(3)

Pm = EM + Gm from equation number one

m
0 by definition, then

P = Gin m

If we substitute the above values in equation number three, we will



have:

13 = G + G (4)
Y m y
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Equation number four shows that on the average the phenotypic expres-

sion of the young is determined additively by the joint effect of the

young's own genotype and by the effect of the maternal genotype.

For illustration purposes, let us assume one locus and two

alleles, A, a, where D, H and R are the effects of the maternal

genotypes, and d, h, and r, are the genotypic values of the young's

genotype. The phenotypic expression of the young can be detected

from the following table, where all possible crosses were made.

Maternal Genotype

Maternal Effect

AA

D

Aa aa

H R

Genotype Phenotype Genotype Phenotype Genotype Phenotype

of Young of Young of Young of Young of Young of Young

D + d

Aa D +h

AA H + d

Aa H + h

aa H + r

Aa

aa

R + h

R + r

Kempthorne (1969) used the complete set of nine phenotypic

values (rather than seven mentioned in the table) under the

assumption that mutation or implantation may have achieved those

extra combinations, and found that the variation of the true
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phenotypic expression of the young is:

2 2 2 2
+ 2pq aB= o-

A
+ cr + (TA + o-D

m
(5)

2 2where (TA
'

o-D are the additive and dominance variations of the
m m

maternal genotypic effects and o- 2
, o-

2 are the respective vari-
Ad Dd

ances of the direct effects due to the young's own genotype, and

2pqaB is the additive covariance of maternal and direct effects.

The corresponding partition for equation number four when it

is expressed in the terms of genetic variance and covariance is

equal to:

V(Py) = V(Gm) + V(Gy) + 2COV(Gm , G
y

) (6)

Under autosomal diploid and normal segregation when one locus and

two alleles exist,

G = A +Dm m m

G = A + D
Y Y Y

where A , A are the additive genetic values of maternal and geno-m y

type of the young and D , D are the respective dominance deviations.m y

Now we can extend formula number six into its components as

follows:
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V(P ) =VA
m

+ V
Dm

+ 2 CO V (Am , Dm ) + VA + VD

+2 COV (A
Y

, D
Y

) + 2 COV (Gm ,Gy ) (7)

For one locus and two alleles, there is no interaction, thus:

COV (A , D ) = COV (A D ) = 0 andm m Y

V(P ) = V
A

+ V
Dm

+ VA + 2 COV (Gm,G ) (8)
m y

The proposed formula (equation number eight) is in complete agree-

ment with equation number five found by Kempthorne (1969).

The differences in reciprocal crosses depend primarily on sex-

linked traits and maternal effects in animal breeding experiments.

Eisen (1966) established four biological models for detecting sex-

linked traits and maternal effects from homogametic and hetero-

gametic female species with male or female progenies. It was found

that neither of the statistical models used by Henderson (194d) and

Griffing (1956) is adequate to separate maternal effects from sex-

linked effects. Two of Eisen's models which correspond to beef

cattle breeding experiments are:

I. Homogametic female species with male progeny:

X.. = µ + A. + A. + M. + L. + S.. + E..
1 3 3 13 13

II. Homogametic female species with female progeny:

X = µ + A. + L. + A. + M. + L. + S.. + E..
1 1 3 13 13



where A., A. = the cumulative additive effect of the autosomal
1 j

gene for i and j lines.

L., L. = the cumulative additive effect of the sex - linkage for

i and j lines.

M. = the average maternal effect of line j.

S.. = specific combining ability.

E.. = error term.

In the present study both sexes were used to detect m, which is

maternal effect

m. = Ej (X..) - Ej (X..), where Ej denotes the conditional
13 31

expectation. If we combine Eisen's two models to give us a model

for homogametic female species with both the male and female

progenies and remove the term for specific combining ability,

which is not measured, we will have:

Hence,

X.. = µ + A. + A. + L. + M. + 1 /2L. + E..
1 J J 3

1 13

E (X..) = p, + 0 + A. + L. + M. + 0 + 0
J J J

Ej (X..) +la + A. + + + + 1 2L. +0
3 3

M..= Ej (X..) - Ej (X,.)
J1

=(I, +A. + L. +M.) - +A. +1./2 L.)
J J J

m. = M. +1/2 L.
J J .3

51
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Thus, the estimation of variation due to maternal effects will be

equal to variation due to true maternal effects plus that found for

sex-linked variations:

V(m.) = V( M.) + 1/4 V( L.)

But, if we assume that variation due to sex-linked traits is negligible,

and that it is not different from zero, then our estimation of maternal

=will be unbiased, and V(m.) V(M.).

Biological Analysis of Maternal Effects. Of the factors known

to be associated with growth of the young, maternal ability of the dam

appears to be the most important in beef cattle production. Non-

genetic contributions of mother to her young can be divided into five

primary factors:

1. Cytoplasmic inheritance and genome-cytoplasm interaction:

The evidence of genome-cytoplasm interaction which influences the

rate or extent of developmental processes was suggested by Marsher

(1936) on the crosses of four strains of inbred mice. He also pointed

out that cytoplasmic influence of a breed can be transmitted matern-

ally through the cytoplasm of the egg to the crossprogeny.

Kempthorne (1969) brought the case of the Rh factor of humans

as an interaction between the progeny's own genotype in relation to

their mother's genotype. The genetic make-up of the embryo influ-

ences the maternal performance. Brumby (1960) pointed out that the
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embryo creates a specific demand both prenatally and postnatally.

Castle (1936a, b) suggested that nonchromosomal structures

might share in the genetic determination of size. The difference in

body size of reciprocal crosses is due either to cytoplasmic influence

of the egg or to an influence exerted by the mother during gestation.

There are three possible causes for the reciprocal differences:

maternal effects, sex-linkage and cytoplasmic inheritance. Utiliza-

tion of the concept of degree of resemblance between the size of the

mother and her hybrid offspring observed from reciprocal crosses

between breeds of different sizes was discussed by Brumby (1960).

Reciprocal crosses were made between the large and small strains

of mice selected for body weight at six weeks of age. The resulting

fertilized eggs were transplanted to uniform females of unselected

strain. By standardizing the maternal environment for each of the

reciprocal crosses of fertilized eggs, the contribution of the collec-

tive cytoplasmic influences were detected. Results showed that the

cytoplasm of the small strain enhance body size to a greater degree

than does the cytoplasm of the large strain. The difference observed

between the two reciprocal hybrids existed in both sexes.

2. Transmission of antibodies and pathogens: During the early

postnatal period, the young can acquire immunity against several

diseases from its dam. The antibody protection the young is provided

in the colostrum which is received immediately following birth. The
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colostrum is a very rich source of protein, particularly the .y-globulin

associated with antibody function. The young, at least in cattle, has

the ability to absorb these large proteins directly from the small

intestine without necessitating their breakdown, but loses this ability

within 6-10 days following birth. It can thus acquire a passive immun-

ity against certain diseases.

3. Maternal nutrition: e.g. yolk of the egg, prenatal nutrition

and postnatal nutrition. Prenatal nutrition refers to the period from

ovulation to parturition, and postnatal nutrition refers to the period

from parturition to weaning age. Maternal nutrition may affect the

growth of the young at two stages. Before birth, the prenatal period,

during which the fetus is entirely dependent upon its mother for its

nutrition and after birth, postnatal period, during which growth of

the young is mostly influenced by maternal care and milk production.

Cox et al. (1959) in a cross-nursing experiment with mice showed

that postnatal maternal influence is the most important single factor

in determining weight through weaning. Postnatal maternal influences

accounted for 71. 5 percent of variance, and the prenatal influence

accounted for an additional 9.7 percent of the variance in litter weight

at 12 days.

4. Maternal behavior patterns: The expression of maternal

behavior and its effects on growth of the young needs special consid-

eration. Wallace (1948) observed that early in lactation each ewe
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allowed her lamb to suckle as long as it liked, but towards the latter

part of lactation, the ewe would usually move off before the lamb had

finished suckling and would not permit it to suckle again if it reintro-

duced.

5. The other maternal influences: e.g. Age of dam, inbreeding

of dam, shape of udder and so on, have effects on preweaning per-

formance of the calves. Some of these factors will soon be discussed

in the section on fixed environmental effects.

The existence of maternal effects necessitates special consider-

ation in analysis of genetic and environmental parameters which affect

the performance of the calves. The genetic and environmental rela-

tionships were suggested by Koch and Clark (1955) and Dickerson

(1959). Procedures for the separation of additive, or genotypic

variance and covariance of maternal from other sources of variation,

using covariances between relatives were discussed by Willham (1963).

Dease and Koger (1967) computed the partition of variances and covar-

iances for weaning weight into maternal and non-maternal contribu-

tions. Heritability estimates for non-maternal and maternal influence

on preweaning growth were 18% and 15% for the Brahman breed and 40%

and 46% for the crossbred herd. Brown and Galvez (1969) studied

data on birth weights of 789 Hereford and 932 purebred Angus calves,

for the purpose of evaluating the influence of maternal and non-

maternal factors on birth weight in these two breeds. The same
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conditions were maintained for all the herd and the data were adjusted

for sex of calf, season of birth and age of dam. The effect of dam

on the birth weight of calf accounted for 1 7. 6% of the total variation

of birthweight in Hereford and 9. 3% in Angus cattle. Topeross

parent matings between three lines of Hereford by Ray et al. (19 70)

showed that dam line exerted a greater influence of preweaning

growth than sire line. The result of this study suggests that maternal

ability is more important in determining weaning performance than

differences in genetic growth potential. A negative association

between maternal ability and growth potential was found on a between-

line basis.

The present study suggested that the maternal effect was the

most significant source of variation affecting preweaning performance

traits of Hereford cattle. The main table shows that among the three

lines of Herefords studied, maternal effects accounted for 24. 7% of

the total variation in birth weight. This is felt to be due to the differ-

ences in prenatal environments provided by the three lines.

Postnatal maternal effects in the Hereford lines were also very

high and reasonably constant during the suckling period. These

accounted for about 50% of the total variation in body weights up to

weaning time. It is interesting to note that this effect incr eased

slightly towards the end of the suckling period, and at weaning age

accounted for 67.6% of the total variation in body weight.
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Comparisons between maternal effects on preweaning growth

in the three Hereford lines are presented in Table 16 and Figure 1.

The highly significant differences between these three lines may

readily be seen. The David line was clearly stronger in maternal

influences, weighing 11.7 lbs. more at birth and 59.2 lbs. above

herd average at 140 days. This advantage increased to 125.3 lbs.

at weaning age. The Lionheart line was the second best for maternal

ability. At birth it was slightly below average (-2. 7 lbs. ) but at 140

days age it was 30.4 lbs. and at weaning 35.1 lbs. above herd aver-

age. It is surprising to see the progressive disadvantage, due to

maternal effects, in the Prince line when compared with the other

two lines (Figure 1). Although the calves in this line weighed only

nine lbs. below herd average at birth, they were 89.6 lbs. below

average weights at 140 days of age, and 160.4 lbs. below herd aver-

age at weaning.

The same effects due to maternal ability appeared in preweaning

daily gains in these three lines. The superiority of the David and

Lionheart lines, over Prince, remained unchanged. The calves born

to David line cows made average preweaning daily gains at 0.422 lbs.

above the herd mean, while Lionheart calves averaged only 0.11 3 lbs.

above, and Prince calves were 0.535 lbs. below the herd average.

This maternal effect was highly significant and accounted for 51. 7%

of the total variations in suckling gains.



58

Table 16. F-values and least squares effects of maternal abilities on preweaning performance of
calves of three Hereford lines.

Variables L P D F-value

Birth weight -2.724 -8.949 11. 673 8.09**

14-day body weight 7.530 -25. 100 17.570 21.47**

28-day body weight 13.405 -13. 550 0. 145 5. 07**

42-day body weight 14.973 -26. 184 11. 211 12. 40**

56-day body weight 18. 275 -33.828 15. 553 15.46 **

70-day body weight 20.084 - 44.669 24.585 22. 28**

84-day body weight 24. 281 - 50.011 25.730 21.89**

98-day body weight 23.409 -58.828 35. 419 2S.52 **

112-day body weight 22.544 -71.952 49.408 31.20**

126-day body weight 22. 277 - 83.470 61. 193 36.98 **

140-day body weight 30.394 - 89.558 59.164 35.80**

Gain from 14 to 56 days 9.870 -6.436 - 3.434 1.46

Gain from 56 to 98 days 1.402 -18. 161 16. 759 11. 68**

Ga-n from 98 to 140 days 3. 107 -20. 365 17. 256 10. 29**

Suckling gain 0. 113 -0.535 0.422 24.30 **

Weaning weight 35. 126 -160. 390 125. 264 199. 75**
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Figure 1. Least squares constants for maternal effect on body weight of Hereford calves of three lines
from birth to 140 days of age.
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Table 17. F-values and least squares effects for sex-linkage on preweaning performance of calves.

Variables Sex-linkage
Effects F-value

Birth weight -3.824 2.67

14-day body weight -2.417 0.40

28-day body weight 3.028 0.44

42-day body weight 4.494 0.72

56-day body weight 1.709 0.08

70-day body weight -1.379 0.04

84-day body weight -2.711 0.13

98-day body weight -7.146 0.76

112-day body weight -10.469 1.33

126-day body weight -14.506 2.26

140-day body weight -12.099 1.32

Gain from 14 to 56 days 4.211 0.89

Gain from 56 to 98 days -9.222 6.37+*

Gain from 98 to 140 days -3.582 0.71

Suckling gain -0.133 3.01+

Weaning weight -38.497 25.91**
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In view of these findings, it might be advantageous to select

for different traits within a closed line which avoid direct selection

for naternal environment. But possible genetic correlations between

maternal and selected traits may arise as particular problems.

Similarly, special considerations have to be made in interpretation

of the problems like the study of inbreeding depression and heterosis,

since the differences in the maternal ability which is provided from

different types of matings, may interfere with studies of these kinds.

The average difference between reciprocal crosses is often

taken to be an estimate of the effect of sex linkage. The biological

factor which might case a difference between two sets of reciprocal

crosses is the genetic information carried by sex chromosomes. If

we assume that the sex chromosome is carrying a proportional frac-

tion of the genes affecting the traits studied, the effect of one chromo-

some should be relatively small on the performance of linecross

calves. The least squares effects due to the comparison of preweaning

performance between two sets of three reciprocal linecrosses is pre-

sented in Table 17. Generally, the sex-linked effects were small

and non-significant; however this effect was highly significant for

weaning weight and the second 42-day periodic gain. The constant due
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to sex-linked effect was quite large for weaning weight and amounted

to 38.5 lbs. As a cause of variation in weaning weight sex-linked

effect accounted for 3.24% of the total variation.

General Combining Ability

A set of diallel matings was utilized for the analysis of the

effects of general combining ability on preweaning performance of

inbred lines of Hereford cattle. The plan involved three inbred lines

of Herefords and all their possible crosses. Differences associated

with some of the environmental factors, such as age of dam, inbreed-

ing of dam, year effect, month of birth and influence of sex were

removed from the data by least squares procedures so that a more

accurate estimation of general combining ability could be made.

Least squares effects of 16 preweaning performance traits including

birth weight, weight at two-week intervals, weaning weight and gains

during different preweaning periods are presented in Table 18.

Birth weight showed a consistent line advantage in favor of the

Lionheart line. The deviations of birth weights of Lionheart, Prince

and David lines from herd average were 3.5, -0.33, and -3.1 lbs.

respectively. Average birth weight of Lionheart calves was 3.8 lbs.

heavier than that of Prince calves and 6.6 pounds heavier than that
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Table 18. F-values and least squares effects on preweaning performance of calves for general

combining ability of three Hereford lines.

Variables L P D F-value

Birth weight

14-day body weight

28-day body weight

3.458

-0. 233

-4.557

-0.330

-1. 008

-0.760

-3. 128

1. 241

5.317

1.50

0. 14

0.92

42-day body weight -5. 292 -2. 122 7.414 1.34

56-day body weight -4. 649 -1. 680 6.329 0.73

70-day body weight -1.869 -3. 619 5.488 0.71

84-day body weight 0. 287 -4. 240 3.953 0. 56

98-day body weight 1.541 -1.655 0. 114 0.07

112-day body weight 3.056 -0. 641 -2.415 0.08

126-day body weight 8. 149 -1.775 -6.374 0.47

140-day body weight 6. 168 -1. 336 -4.832 0. 23

Gain from 14 to 56 days -4. 340 -0. 475 4.815 0.80

Gain from 56 to 98 days 7. 144 0. 365 -7. 509 2.99+

Gain from 98 to 140 days 4.310 0.586 -4.896 0.90

Suckling gain 0.096 -0.032 -0.064 1.08

Weaning weight 22. 170 -3. 856 -18. 314 5. 76**
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of David calves. Also, calves of the Prince line were 2.8 lbs.

heavier than calves of the David line.

The constants due to the effect of general combining ability

of the lines were increased as the age of calves increased.

The least squares effects for general combining ability on

body weight increased to 6.2 lbs. at 140 days for the Lionheart line,

while calves of the Prince and David lines were 1. 3 and 4.8 lbs.

respectively below the herd average. The differences were highly

pronounced at weaning; Lionheart calves averaged 22.2 lbs. heavier

in weaning weight than the other calves, while Prince and David

calves were 3.9 and 18. 3 lbs. below the herd average. Differences

in general combining abilities indicate that the effects were more

important on weaning weight than on the other preweaning perform-

ance traits. The differences between lines at weaning may be partly

due to the heavier birth weight and partly due to faster preweaning

rate of gain of Lionheart calves as shown in Table 18.

Highly significant differences were found in general combining

ability for weaning weight; however, this effect was not a significant

source of variation in the other traits. The variation due to general

combining ability at weaning accounted for 0.42 percent of the total

variation in weaning weight. The results of the effects of line differ-

ences in preweaning performance are in agreement with previous

reports in which effects of general combining abilities were small
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for preweaning traits. Hornbeek (1964) found no significant general

combining ability effects for birth weight or suckling gain among

these inbred lines of Hereford cattle. Damon et al. (1961) reported

a genetic analysis of an experiment designed to evaluate breeds of

beef cattle and breed crosses. The result showed a significant

general combining ability effect for 180-day body weight.

The results of the present study and others reported in the

literature would indicate that general combining ability differences

are very small among linecrosses within a breed for preweaning

traits; however, among breed crosses where more genetic diversity

is found, general combining ability differences are frequently detected

for preweaning traits.

Purebreeding

In general, purebreeding is a combination of selection with

inbreeding. It is close mating of the animals that are selected for

the qualities of the line or breed that the breeder wants to preserve.

The preweaning performance of two breeds of beef cattle, Hereford

and Angus, are presented in Table 19 and Figures 2, 3, 4, and 7.

Least squares analysis of breed and line effects on growth

performance from birth through 140 days of age revealed that

Hereford calves were significantly heavier (p < . 01) at birth than

Angus calves. A difference of 7.98 lbs. existed which may be
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Table 19. F-values and least squares effects on preweaning performance of calves of different

breeds of cattle.

Variables A H A-H F-value

Birth weight -5.983 1.994 -7.977 25,18 **

14-day body weight -2.587 0.862 -3.449 1.78

28-day body weight -1.026 0.342 -1.368 0.20

42-day body weight -0.572 0. 191 -0. 763 0.05

56-day body weight 3.382 -1. 127 4.509 1, 18

70-day body weight 6.062 -2.021 8.083 3.18+

84-day body weight 9.387 -3.156 12. 543 5.95 **

98-day body weight 13.955 -4.652 18. 607 11. 16**

112-day body weight 18. 020 -6.001 24.021 15.26 **

126-day body weight 20.344 -6.781 27. 125 17.12 **

140-day body weight 26. 397 -8. 799 35. 196 24, 24**

Gain from 14 to 56 days 6.258 -2.086 8.344 7.59 **

Gain from 56 to 98 days 9.859 -3. 286 13.145 28.02

Gain from 98 to 140 days 9.955 -3.318 13. 273 20. 62

Suckling gain 0.226 -0.075 0.301 33.80 **

Weaning weight 13.499 -4. 500 17.999 12.05 **

A - Angus

H - Hereford

A -H - The difference of Angus from Hereford
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Figure 6. Least squares for joint rnaterna/ and line effect of three line cross on body weight
frorn birth to 140 days of age.
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attributed to the larger size of the Hereford dams and a superior

prenatal maternal environment. However, Angus calves grew faster

from birth through weaning. They were equal in body weight to

Herefords at 44 days and were significantly heavier (p < . 01) at

98 days postpartum than Hereford calves. The differences between

mean body weights of Angus as compared to Hereford calves increased

up to 140 days of age. At that time, a breed difference (p < .01) of

35 lbs. existed. After 140 days of age, the growth rate of the Angus

calves diminished, but the Angus calves were still significantly

heavier (p < . 01) at weaning than the Hereford calves, even though

the breed difference dropped to 18 lbs. at weaning. The superior

performance of the Angus calves from birth through weaning may be

attributed to greater genetic potential of the Angus calves for growth

combined with better milking ability of the Angus cows. During the

suckling period, the average daily gain of Angus calves was 0. 3 lbs.

more than that of Herefords. The difference between suckling gains

of the two breeds was highly significant (p < .01).

Variation due to breed differences was considerably higher at

birth and accounted for 9. 1% of the total variation in body weight.

But it suddenly dropped to zero for the first 70 days and then gradually

increased. At 140 days, the variation due to breed accounted for 4. 3%

of the total variation in body weight. The high influence of the breeds

on variation in birth weight could be due to the differences between
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the sizes of the breeds. However, the variation caused by this factor

at the later part of the suckling period might be attributed to the

difference between genetic potential of these two breeds for growth.

From Table 20 and Figure 2 it can be seen that differences

existed among the three Hereford lines in preweaning performance,

The relative differences among lines for preweaning performance can

be seen in Table 20. A highly significant (p < . 01) difference existed

among lines at birth and at 14 days of age. After 14 days of age,

there were no significant differences among lines; however, both

the Lionheart and Prince lines performed better than the David line

from birth through weaning (Figure 2).

Linecrossing and Crossbreeding

In the previous discussion, it was established that the maternal

effect of the David line was superior to that of the other two lines,

and the Lionheart line was clearly superior to the Prince line. It was

also found that the maternal effect was the most influential factor

affecting preweaning performance of these calves. It was also

demonstrated that the genetic potential for growth of the Lionheart

and Prince lines was significantly superior to that of David calves,

but accounted for only 2% of the total variation.

With these factors in mind, the effects of all possible crosses

among these three lines will now be discussed as shown in Table 21
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Table 20. F-values and least squares effects on preweaning performance of calves of different lines
of Hereford cattle.

Variables Lionheart Prince David F-value

Birth weight

14-day body weight

243-day body weight

4. 123

6. 307

2. 179

3.039

1.963

4.053

-1. 179

-5. 683

-S. 206

7.96**

4. 59 +*

1.62

42-day body weight 1.494 4.318 -5. 240 1.11

56-day body weight 2. 591 2. 533 -8. 506 0. 59

70-day body weight 2. 681 2. 183 - 10.926 0.45

84-day body weight 1.863 0. 182 - 11.432 0.09

98-day body weight 3.341 -1, 360 - 15.936 0.20

112-day body weight 3. 375 -2.727 -18. 668 0. 20

126-day body weight 4.574 -3.895 - 21.023 0.34

140-day body weight 2.937 -5. 216 -24. 118 0. 29

Gain from 14 to 56 days -4. 326 0.349 -2. 281 1.16

Gain from 56 to 98 days 0. 239 -4.396 -5.702 1.72

Gain from 98 to 140 days -0.940 -3. 640 -5.375 1.12

Suckling gain 0.030 -0.098 -0. 158 1.80

Weaning weight 0.402 5.869 -19. 770 0.78



Table 21. F-values and least squares effects on preweaning performance of calves of line crosses and their reciprocal crosses.

Variables LP LD PL PD DL DP F-value

Birth weight -9,. 645 8.179 4.228 4.391 1.430 -8.583 7.96**

14-day body weight -28.758 16.161 8.706 15.386 10.955 -22.450 9.77**

28-day body weight -15.839 3.933 5.060 7.730 11.137 -12.021 2.59**

42-day body weight -29.104 17.827 3.065 20.997 12.601 -25.386 6.39**

56-day body weihgt -38.448 18.942 10.237 21.911 18.246 -30.888 7.36**

70-day body weight -51.536 26.825 15.975 25.075 25.082 -41.421 10.72**

84-day body weight -56.675 27.259 23.039 22.732 31.232 -47.587 10.47**

98-day body weight -66.088 29.928 30.441 26.732 32.210 -53.223 11.44**

112-day body weight -80.006 39.580 35.428 35.883 33.654 -64.539 13.57**

126-day body weight -91.602 48.462 43.157 38.538 38.558 -77.113 16.16**

140-day body weight -96.825 48.401 47.325 40.897 43.829 -83.627 15.56**

Gain from 14 to 56 days -7.040 1.252 0.844 5.117 6.134 -6.307 0.81

Gain from 56 to 98 days -19.874 7.172 18.133 0.393 10.259 -16.083 6.41**

Gain from 98 to 140 days -19.051 13.088 11.585 9.366 6.103 -21.093 4.50**

Suckling gain -0.604 0.321 0.310 0.193 0.278 -0.498 11.31**

Weaning weight -180.573 90.623 91.937 64.597 77.477 -144.063 88.38**
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and Figure 5.

It may be seen in Figure 5 that when the Lionheart and Prince

lines were crossed with the David line as dam, the offspring from

both crosses show the same growth pattern with a slight advantage

of Lionheart sires over Prince sires.

These figures also show that the best possible results are

obtained when Lionheart sires are used on David dams. This is due

to the fact that the highest growth potential is found in the Lionheart

line while the highest maternal ability is found in the David line. The

reverse is true when the Prince line is used as the dam. Either

Lionheart or David sires used on Prince dams produce calves that

weigh approximately nine lbs. below average at birth. This depres-

sion continues and is approximately 85 lbs. below average at 140 days

of age, and 160 lbs. below average at weaning time.

The main table shows that the effect due to line-crossing is

highly significant. About 5% of the total variaion in preweaning per-

formance traits is accounted for by the linecrossing effect.

Within the second phase of this study, an Angus bull was bred

to the females of all three types of the Hereford linecrosses (PL,

LD, and DP). The expected differences between the preweaning

performances of the resulting crossbred calves could only be due

to the maternal ability and genetic potential of the three different

linecross females. Results of these crosses are presented in
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Table 22. F-values and least squares effect on preweaning performance of crossbred calves.

Variables DP PL LD F-value

Birth weight -3. 122 2.712 0.410 4. 37+*

14-day body weight -6.812 4.023 2.789 6. 16 **

28-day body weight -6.807 4.582 2.225 4. 53+*

42-day body weight -9. 521 6.432 3.089 6. 57**

56-day body weight -12. 159 8.302 3.857 8. 10**

70-day body weight -10. 768 7. 290 3.478 5. 28**

84-day body weight -12. 263 7.075 5.188 4.98**

98-day body weight - 15.010 8.623 6.387 6. 33**

112-day body weight -15. 028 7.714 7.314 5.04 **

126-day body weight - 18.816 10. 272 8. 544 7. 07**

140-day body weight - 18.978 10. 771 8. 207 6. 12**

Gain from 14 to 56 days -4. 736 3.878 0.858 2.40+

Gain from 56 to 98 days -0. 394 -1.350 1.744 1.85

Gain from 98 to 140 days -1. 308 0. 589 0.719 2. 69+

Suckling gain -0. 122 0.069 0.053 4.81**

Weaning weight - 29.549 15. 576 13. 973 28.40 **
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Table 22 and Figure 6. The highest performance was obtained when

Prince-Lionheart linecrosses (containing 50% Prince and 50% Lion-

heart breeding) were mated to the Angus bull. This advantage could

be due to the fact that the Prince and Lionheart lines each had good

genetic potential plus the good maternal ability inherited from the

Lionheart dams. The poorest combination was obtained in this phase,

when the Angus sire was mated to the David-Prince linecross females.

This inferiority of performance was surely due to the low genetic

potential of the David line combined with the low maternal ability of

the Prince line. The demonstrated differences in body weights

between these two types of crossbred offspring was 5.8 lbs. at

birth, 29. 7 lbs. at 140 days of age, and 45.1 lbs. at weaning, in

favor of calves from the Prince-Lionheart females.

The variations due to the different crosses, in this three-way

crossbreeding program, was a highly significant factor in preweaning

performance traits. It accounted for 1.35% of the total variation in

weaning weights.

Heterosis

Heterosis or hybrid vigor is a phenomenon resulting from the

mating of two or more purebreds or inbred lines. Most of the crosses

of beef cattle breeds or crosses between beef and dairy breeds

(Martin, 1971) have desirable consequences. In general terms, the
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fitness of the individuals that was lost by inbreeding depression tends

to be restored by crossing (Falconer, 19 70). This means that crossbred

animals which exhibit heterosis are well buffered against environ-

mental fluctuations. Heterosis is defined as the difference between

the mean of the cross and the average of the parents (Willham, 19 70),

or as more frequently defined, that crosses exceed the better of

the two parental populations (Bogart, 1959). Some individuals believe

both (Pirchner, 1959).

Let's first consider the effects of a single locus with two alleles,

B and b, and two breeds, "H" and "A." Where "p" and "q" are gene

frequencies of the "H" breed and "p -y" and "q+y, " are the gene

frequencies of the "A" breed for B and b, alleles. Thus, the differ-

ence between gene frequencies of these two breeds is "y."

Under random mating, genotype frequencies and values are

shown in the following table:

Genotypes AA Aa as

Genotypic Frequency
of "H" Breed P

2
2pq q

2

Genotypic Frequency
of "A" Breed (13-y)2 2(p-y)(q+y) (q+y)

2

Genotypic Frequency of
Random Cross Progeny (p)(p-y) 2pq+y(p-q) q(q +y)

Genotypic Values a d -a
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The Mean of the Genotypic value of the "H" breed is, therefore:

MMil
2 2

ap aq + 2 dpq (1 )

The mean of the "A" breed is:

IVI
A

= ap 2 aq
2 2 ay + 2d (p-y)(q+y)

The mid-parental mean is

(2)

MA +IV1H
2MA+H

2
ap2 - aq - ay + 2 dpq + dy (p-q-y) (3)

And the mean of the genotypic value of random mating progeny of the

cross between breed "A" and breed "H" is:

MAH = ap2 aq
2 ay + 2 dpq + dy (p-q) (4)

The differences between the mean of random cross progeny and the

mid-parent values, which is referred to as heterosis, is obtained by

the following equation:

Heterosis = MAH MA+H

= dy(p-q) - dy (p-q-y)

= dy2 (6)

(5)

If no epistatic gene action exists for a trait that obtained n loci,

heterosis will be the sum of simple heterotic effect of each locus

and it can be measured by the followiing formula:

Heterosis = c. d.y.2 (7)

when i = 1, 2, .

Equations 6 and 7 show that heterosis is due to the function of two

factors d and y.
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d = 0 when no dominance exists (additive gene action)

d < a for partial dominance

d = a for complete dominance

d > a for over dominance

As the level of dominant deviation, or d, increases, we will

get more heterosis by the crossing of two breeds. Most of the fitness

traits like fertility have been under high natural selection pressure

for a long time. Most of the additive genes, which are more sensitive

to selection, have been either eliminated or fixed, but dominant genes

which behave aberrantly to selection are not too sensitive and may

still segregate. Thus, most of the variation of fitness traits are

due to dominant gene actions, and we expect to get more heterosis

by crossing.

The second factor is a diversity of the genetic material.

Heterosis depends on the square of the differences of gene frequency,

"Y," between breeds. Natural selection under different environ-

ments, artificial selection, and inbreeding are potential methods

available to create more genetic diversity between breeds, which

will increase the value of "Y." As the parental breeds are more

genetically diverse (differing in gene frequency), and as genes exhibit

a higher degree of dominance, the offspring of the cross between

these breeds show more heterosis. When either of these factors,

d or y, is zero, there will be no heterosis.
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In commercial beef cattle crossbreeding, in addition to a pure

heterosis effect, there are some other factors that can be important

in the production of heterosis. Cundiff (1970) suggested that about

half of the heterosis for production per cow is dependent upon the use

of crossbred dams which have advantages of heterosis for maternal

ability and reproduction. Simple additive effects of genetic material

is another factor. Under this phenomenon, the average performance

of the offspring is equal to half of the sums of their parents' perfor-

mance. This has been widely used in commercial livestock as a

grading-up program for improving low level production herds by cross-

ing to unrelated superior purebred males. In addition to the factors

mentioned above, crossbreeding or line-crossing incorporates

favorable genes and desirable traits of several lines or breeds into

a market animal.

In general, heterosis has been shown to have a pronounced effect

on preweaning gain and weaning weight. Its effect on birth weight

and weaning scores, however, have been small.

Significant heterotic effects for birth weight, preweaning daily

gain, 200-day adjusted weaning weight, and weaning score were

found by Gregory et al. (1965) using a diallel cross of Hereford,

Angus and Shorthorn breeds of cattle. Differences between
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reciprocals were small for birth weight. Reciprocal differences

were large for preweaning daily gain and weaning weight in crosses

involving the Hereford breed with the Angus and Shorthorn breeds.

Differences between reciprocals tended to be relatively large for

weaning scores in crosses involving Angus cows.

A study was carried out by Gaines et al. (1966) to determine

the amount of heterosis among fertility and calf performance to

weaning for two-breed crosses, three-breed crosses, backcrosses,

and purebreds of Angus, Shorthorn and Hereford breeds of cattle.

There was generally a small amount of heterosis exhibited for birth

weight. Preweaning growth showed both maternal effects as evi-

denced by highly significant differences for some reciprocals, and

heterosis was demonstrated in all cases where Angus and Shorthorns

were used. Heterotic effects were found in weaning weight for calves

from Shorthorn bulls and Angus cows, but maternal effects of

Hereford dams prevented heterotic effects from being exhibited.

In general, a ten percent advantage in calves weaned from crossbred

matings was detected.

Brinks et al. (1967) reported heterotic effects in preweaning

performance of line-cross Herefords. Line-of-sire and line-of-dam

effects were highly significant for birth weight of both males and

females. Line-of-sire effects were significant for weaning weight

of heifers, whereas line-of-dam had a significant effect on preweaning
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gain and weaning weight of bull calves only. Sire X dam interaction

was highly significant for preweaning gain, weaning weight and wean-

ing score in the heifer calves. The amount of cross line advantage

for birth weight in bull calves was consistent as evidenced by seven

of the 20 crosses of five line-bred Herefords showing net negative

values. Greater heterosis was exhibited for preweaning gain and

weaning weight than for birth weight or weaning score. Heterosis

for birth weight, preweaning daily gain, weaning weight, and weaning

conformation scores amounted to 3.0, 5.6, 5.1 and 2. 5% for bull

calves and 3.8, 10.6, 9.4, and 2. 7% for heifer calves, respectively.

In general, significance was not detected for differences in reciprocal

crosses due to small subclass sizes.

Pahnish et al. (1969) reported heterosis for a single cross

program between Hereford, Angus and Charolais breeds. The over-

all advantage of crossbreds over mid-parent average was significant

for steer calves and nonsignificant for heifer calves. Crossbred

steers were 4. 4 %, and heifer calves were 1.4% heavier at birth than

purebreds. Suckling gain and weaning weight amounted to 3. 7% and

3. 8% for steer calves and 2. 0% and 1. 9% for heifer calves, r espec -

tively.

Turner and McDonald (1969) used preweaning data from 1, 270

beef calves for the purpose of comparing preweaning performance

among straight bred, single cross and three-breed cross of beef
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calves. Results of this study show that three-breed cross calves

were generally superior to other types of crosses for all the pre-

weaning traits. Mating type was significant.

Significant heterotic effects for the short feeding period heifers

and their absence for long feeding period heifers were found in almost

all the traits studied by Jain et al. (1971). Crossbred, short-fed

heifers of mating Angus, Hereford and Charolais showed about 8%

more gainability over their straight-breds, whereas crossbred, long-

fed heifers showed only 3 to 5% superiority.

In general, a decline of heterotic effects with increasing age

was realized for growth rate, feed efficiency and carcass traits.

Heterosis of the preweaning traits was determined by comparing

the least squares constants due to particular types of crossing. The

difference was obtained and the cross advantage was expressed as

deviations of the difference from the herd average. The amount of

heterosis exhibited for the various preweaning traits in the present

study is presented in Table 23. Generally, the heterotic effects were

small and non-significant, however, a significant difference due to

type of crossing was detected for birth weight and preweaning daily

gain. It may be seen from Table 23 that at weaning, Angus-Hereford

crossbred, using Hereford as a female, were about 8.5 pounds heavier

than linebred and linecross Herefords. But these differences in

weaning weight were not statistically significant. This lack of
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Table 23. Least-squares effects on preweaning performance of calves of different types of crossing.

Variables Purebred Linecross Crossbred

Birth weight 1.995 3.498 -4.300

14-days body weight -2.360 0.944 -4. 120

28-days body weight -3.529 0. 650 -4. 281

42-days body weight -1.397 2.942 -3.053

56-days body weight -1. 174 4.069 -4.012

70-days body weight 0. 547 4.737 -5.723

84-days body weight 1.932 4.969 -4.990

98-days body weight 1.838 6.582 -3.044

112-days body weight 1.641 6.687 -1.434

126-days body weight 1.838 6.582 -3.044

140-days body weight 3.060 7. 690 2.952

Gain from 14 to 56 days 1.771 3.402 0. 799

Gain from 56 to 98 days 3. 251 1. 677 1.824

Gain from 98 to 140 days 0.911 0.031 6.561

Suckling gain 0.070 0.043 0. 123

Weaning Weight -0. 349 0.011 8.472
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significance on heterotic effect is probably due to the strong masking

effect of maternal abilities of the inbred and linecross dams on the

performance of the calves. The result of the present study would

imply that heterosis was not generally an important factor for pre-

weaning traits among different types of crossing.

Effects of Some Environmental Factors on
Preweaning Performance of Beef Calves

Effect of Age of Dam

Preweaning weight of calves is affected considerably by the age

of dam. This effect can be related to the variation in milk production

associated with age of dam. Rut lege et al. (1971) found that age of

dam of Hereford cows had a significant effect on milk yield. Peak

yield was observed at 8.4 years of age.

Analysis of the data in the present study showed highly signifi-

cant (P < 0. 01) differences in preweaning body weights due to the

effect of age of dam (Table 24). The effect of age of dam is highly

pronounced during the early preweaning period (28-98 days of calf

age). This effect accounted for 4. 5% of the total variation in body

weights during this period. After 98 days of calf age however, the

effect of age of dam gradually decreased. When the calves had

reached 140 days of age this effect accounted for only 2. 5% of the

total variation in body weight. These variations are shown in the



Table 24. F-values and least squares effects on age of dam on preweaning performance of calves.

Variables
Age of dam (years)

F -value2 3 4 5 6 7 and up

Birth weight -3.33 -1.51 -1.26 1.57 2.63 1.90 5.16**

14-day body weight -9.24 -5.56 -0.07 4.42 4.99 5.46 11.77**

28-day body weight -12.56 -3.57 -0.87 5.33 6.76 4.91 12.31**

42-day body weight -17.75 -7.58 0.26 7.92 10.04 7.11 18.39**

56-day body weight -22.62 -8.43 -0.13 10.49 11.08 9.61 22. 27 **

70-day body weight -27.19 -9.00 0.13 10.79 14.14 11.13 26.72**

84-day body weight -31.70 -8.80 0.68 12.77 14.06 12.99 26.96**

98-day body weight -33,43 -12.03 -0.13 14.35 16.93 14.31 26.79**

112-day body weight -35.02 -13.55 -0.04 14.62 17.76 16.23 24.74**

126-day body weight -38.80 -16.28 0.32 17.92 19.08 17.76 26.95**

140-day body weight -40.02 -17.33 0.88 16.75 20.96 18.76 24. 25 **

Gain from 14 to 56 days -12.77 -2.44 -0.33 6.02 5.94 3.58 11.08**

Gain from 56 to 98 days -6.23 -1.91 0.00 1.81 3.59 2.74 3.78**

Gain from 98 to 140 days -0.82 -3.18 1.12 -0.07 0.91 2.04 1.08

Suckling gain -0.24 -0.14 0.01 0.14 0.12 0.06 18.17**

Weaning weight -6.76 -0.45 6.26 -0.58 -1.65 3.18 2.76+*
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main table and in Figure 10.

An interesting effect of age of dam upon body weight of offspring

may be seen in Table 24 and in Figure 8. As the age of dam increased

from two years to six years, birth weight of the calf changed from

3. 33 lbs. below average to 2.63 lbs. above average. As the age of

calf increased the constants due to age of dam became progressively

more noticeable. As an example we see that at 140 days of age,

calves born to 2-year-old cows were 40.02 lbs. below average

weight while those calves born to 6-year-old cows were 20.96 lbs.

above average weight at that same age. We find, however, that the

effect of age of dam on preweaning performance of calf approaches

the average when the cow reaches 4 years of age. This is illustrated

graphically in Figure 8.

The age of dam has the same effect upon periodic gain of calf;

however, it is more pronounced during the first 42 day period and

slowly decreases as the calf matures. This may be seen in Figure 9.

Another interesting effect of age of dam may be seen in Figure 9.

As age of dam increases from 2 to 6 years of age, the first 42-day

periodic gain increases from 12.8 lbs. below average to 5.9 lbs.

above average (18.8 lbs. total difference). This total difference

decreases to 9. 8 lbs. for the second 42-day periodic gain, and is

further reduced to 1.7 lbs. total difference for the third 42-day

periodic gain. This last difference is not statistically significant,
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although the effect of age of dam was highly significant upon prewean-

ing daily gain.

These results are in agreement with most of the research

reviewed. A curvilinear relationship between weaning weight and

age of dam has been reported. Calf weights increase with age of

dam up to a period of 6 to 9 years of age then decline. Sawyer et al.

(1948), Rollins and Guilbert (1954) and Minyard and Dinkel (1965)

reported 8 years as the age of maximum production. Other workers

including Burgess et al. (1954), Koch and Clark (1955), McCormick

et al. (1956), Nelms and Bogart (1956), Marlowe and Gaines (1958)

and Sewell et al. (1963) found that the maximum age for production

is between 6 and 10 years. Cundiff et al. (1966) reported that age of

dam has an important influence on weaning weight of calves. Weaning

weights increased 48.4 pound as age of dam increased from 2 to 4

years. Waugh and Marlowe (1969) worked with the Angus and Hereford

breeds and found that the effect due to age of dam was a significant

source of variation. Calves out of young dams had the slowest growth

rate from birth to final weight but calves out of mature cows; 6 to

11 years old, had the fastest growth rate. In the Angus breed, the

average weight differences for calves out of 2-year-old dams vs.

mature dams were 35 lbs. for heifers and 44 lbs. for bull calves.

Magus and Brinks (19 71) working with preweaning growth of Hereford

cows, showed that heifers from 2-3-4 and 1 2-year-old and older dams



95

have lower actual weaning weight than those from 5- through 11-year-

old dams.

Inbreeding of Dam

Dinkel et al. (1968) reported that the effect of inbreeding of dam

appeared to have a more important effect on weaning traits than on

postweaning traits. Most evidence indicates that inbreeding of dam

has a negative effect on preweaning performance. Swiger et al. (1961)

found that the effect of inbreeding of dam is negative and it decreases

growth rate of calves ( -0. 0054 ± 0.0030 lbs) for each percent increase

of inbreeding. It is generally assumed that a part of the effect of

inbreeding of dam observed in preweaning body weights of beef

calves is due to the negative association of milk production with

inbreeding of dam.

Von Krosigk and Lush (1958) studied the effect of inbreeding on

milk production in the Holstein breed. Intra-sire regressions, using

the average of each cow's records, were -1. 74±0. 57 pounds of butter-

fat and -54±17 pounds of milk, for each increase of 1% inbreeding.

Allaire and Henderson (1965) reported that inbreeding depression of

mean milk and fat deviations as measured by the intrasire linear

regression on inbreeding percent was -33. 7 and -0.9 pounds respec-

tively.

In the present study, the coefficients of inbreeding of the dam
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ranged from zero to 43%, with an average of 8.4%. The effect of the

inbreeding of the dam was found to be not statistically significant for

preweaning body weight of calves until they reached 100 days of age.

This is shown in Figure 11 and in Table 25; however, a negative effect

of inbreeding of the dam was observed at birth (-0.023 lb. ) and at 140

days of age the inbreeding effect was significant with a decrease of

0.628 lbs. of body weight associated with each increase of one percent

in interbreeding. The inbreeding of dam showed a highly significant

depression on weaning weight of calf. It can be seen from Table 25

that this amounted to a reduction of 0.804 lbs., in weaning weight

below the average of the herd.

It is thought that this depression during the late weaning period

may be explained by the effects of inbreeding upon milk production.

These effects may decrease the length of the lactation period as well

as the quantity of milk produced during the suckling period. The

young calf would not be affected by these lactation factors because

there is normally sufficient milk for initial needs; however, as milk

requirements of the calf increase with its growth, the effects of

inbreeding depression on lactation factors have a more pronounced

effect on the calf's body weight.
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Table 25. F-values and least squares effects of dam's inbreeding on preweaning performance of
calves.

Variables Inbreeding F-value

Birth weight -0.023 0.13

14-day body weight -10.033 0.09

28-day body weight -0.061 0.23

42-day body weight -0.139 0.87

56-day body weight -0.135 0.62

70-day body weight -0.251 1.79

:'.4-day body weight -0.266 1.58

98-day body weight -0.350 2.32

112-day body weight -0.479 3.56+

126-day body we. ght -0.613 5. 13*

140-day body we ght -0.628 4.52*

Gain from 14 to 56 days -0.163 1.71

Gain from 56 to 90 days -0.192 3.51+

Gain from 98 to 140 days -0.210 3.08+

Suckling gain -0.006 7. 29 **

Weaning weight -0.804 14.51**
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Year Effect

The proportion of variation in body weight of calves due to year

effect varied considerably within year and between years. However,

the effect is more pronounced during the early suckling period. At 4

weeks of age the year effect accounted for 3. 7 percent of the total

variation in body weight (main table), but decreased continually

and only accounted for 0. 3% of the total variation in 140-day body

weight. The same effect can be observed from the analysis of periodic

gains. During the first 42-day gain period, year effect accounted for

4. 5 percent of the total variation in suckling gains. For the second

and third 42-day periods, year effect was less pronounced, accounting

for only 0.2 and 2.8 percent of the total variation in suckling gain.

The overall year effect accounted for 0.9 percent of the total variation

in preweaning gain and 0. 5% of the total variation in weaning weight.

Constants for year effect and the F-ratios for the preweaning

traits studied are presented in Table 26. Although the year effect is

a highly significant source of variation in preweaning traits, there

was no systematic pattern in the constant effects due to year. For

example, the constant effect for birth weight was higher in 196 7 than

for any other year and 3.0 pounds above the 8-year average. However,

during the same year, the constant effect for weaning weight was the

lowest (approximately 25 pounds below the 8-year average). This



Table 26. F-values and least squares effects of year on preweaning performance of calves.

Variables 1963 1964 1965 1966 1967 1968 1969 1970 F-value

Birth weight 0.910 -1.379 2.092 -0.891 3.037 -2.707 0. 527 -1. 589 3.41 **

14-day body weight -0.015 1.721 -1.227 -6.334 5.638 -7.324 5.478 2.063 8.28 **

28-day body weight 2.896 -4.099 -4.991 -6.599 6. 545 -3.031 7. 622 0. 657 6.72 **

42-day body weight -1.352 -1.563 -5.216 -7.280 9.279 -5.986 8.565 3.553 5.16 **

56-day body weight -4. 121 0.753 -4. 312 -7.468 9.774 3. 149 4.854 -2. 629 3. 51**

70-day body weight -5.223 2.372 -3.117 -8.163 10.312 3.143 3.554 -2.878 3.37 **

84-day body weight -4.423 1.342 -2.332 -9.374 11. 128 4.421 2.515 -3.277 3.07 **

98-day body weight -2.150 1.907 -2.610 -8.625 10.387 5.423 0.642 -4.974 2.52+*

112-day body weight -2.401 3.703 -1. 606 -6.903 9.063 6.817 -1.860 -6.813 2.04*

126-day body weight -2.329 6. 520 -3.898 -7. 001 9.917 8. 113 -5. 600 -5.722 2.53+*

140-day body weight -2.372 9.909 -5.751 -4.375 10.941 7.179 -9.434 -6.097 2.73 **

Gain from 14-56 days -4.025 -1.087 -2.880 -0.572 3.882 11.327 -1.819 -4.826 5.83 **

Gain from 56-98 days 2. 798 0.988 2.573 0. 345 -1. 378 1. 591 -5. 121 -1. 796 1.78+

Gain from 98 to 140 days 0. 145 7. 651 -2.852 S.752 -1. 203 0.842 -10. 168 -0. 167 7.09 **

Suckling gain -0.040 0. 073 -0. 022 -0.059 0.095 0. 119 -0.097 -0.069 5. 66**

Weaning weight 26. 682 2. 565 -2.417 9.534 - 24.587 14.709 -3. 111 - 23.375 18. 64**
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indicates that the year effect is essentially a random factor.

The true year effect can be defined as the effects due to climatic

conditions such as temperature, rainfall and humidity. These factors

may have direct effects as well as indirect effects on performance

of the calves. Severe weather conditions have a direct effect due to

stress which adversely affects growth performance. Climatic condi-

tions affect the quantity as well as quality of forage available to the

calves and their dams. The quality of forage available to the dam

indirectly affects the calves performance through the effect on lacta-

tion. It is difficult to estimate the true year effect because it is

usually confounded with other factors such as changes in the genetic

quality of the herd (arising from culling and selection), management

practices, Mendellian sampling and age of dam.

During the eight years in which the data were collected, the

highest differences in year effect between average weaning weight of

calves was about 51 pounds. This difference among year effects are

of similar magnitude to those noted by Sewell et al. (196 3) who have

studied the influence af year on weaning weight of beef calves. The

average weaning weights of the calves ranged from 380 pounds in

1951 to 464 pounds in 1956, with a difference of 84 pounds. Linton

et al. ( 1968) reported that year accounted for 4.34 percent of the

total variance on weaning weights. Brown and Galvez (1969) reported

that variation due to year effect accounted for 0.1 percent of the total
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variation in birth weight for Hereford and 3.4% for Angus calves.

Cardellino and Frahm (1971) using least squares analysis, studied

weaning weight and yearling weight of Angus and Hereford calves.

Year effect was a highly significant source of variation for 205-day

weaning weight.

Effect of Month of Birth

The relationship between month of birth and subsequent per-

formance to 140 days of age are presented in Table 27 and Figure 1?.

It may be seen that the values from April had an advantage of slightly

more than one pound in birth weight over those from calving earlier

or later in the season. This advantage may have been due to the

seasonal effects encountered by the dam prior to birth of the calf.

Cold temperatures and poor feed quality and quantity may have caused

the earlier born calves to weigh slightly less than those born in April.

On the other hand, those born later, in May and June, may have

suffered slightly at birth due to higher temperatures at birth and

also the comparatively greener feed being available to the dam at

time of parturition. This green feed appeared to cause some scouring

of the cows and their newborn calves.

It may be noted; however, that the late born calves more than

recovered from their lower birth weights during the first 42 days after

birth, and at that time, had a three pound advantage over both groups
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Table 27. F- values and least squares effects of month of birth on preweaning performance of calves.

Variables I II II F-value

Birth weight -0.198 0.858 -0.660 0.89

14-day body weight -2.640 -0.593 3.233 3.53-4

4-day body weight -1.077 -1.136 2.213 0.78

42-day body weight -1.079 -0.995 2.074 0.51

56-day body weight 2.520 -0.243 -2.277 1.22

70-day body weight 5.229 -0.911 -4.318 4.49 +*

84-day body weight 6.365 -1.659 -4.706 5.37**

98-day body weight 7.876 -2.252 -5.624 7.07**

112-day body weight 7.767 -3.308 -4.459 6.12**

126-day body weight 10.064 -4.096 -5.968 8.93**

140-day body weight 12.095 -3.735 -8.360 10.25**

Gain from 14 to 56 days 5.372 -0.508 -4.864 10.21**

Gain from 56 to 98 days 4.857 -1.960 -2.897 14.43**

Gain from 98 to 140 days 2.919 -0.938 -1.981 3.57*

Suckling gain 0.062 -0.037 -0.025 6.27**

Weaning weight 39.408 -4.818 -34.590 164.84**

I - February and March

II - April

III - May and June
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born earlier. This advantage may have been due to the optimum

pasture conditions that existed immediately after the births in May

as compared to the feed available to the dams of those calves born

earlier. Both groups of the earlier born calves were born while cows

were in the dry lot.

The result agrees with that found in a related study. Vesely and

Robinson (1971) reported that effect of date of birth is a significant

environmental factor and it is an important source of variation in

birth weight and weaning weight of Hereford calves.

Sewell et al. (1963) found that the influence of month of birth is

highly significant on the 180-day adjusted weaning weight of calves.

Calves born in February and March were the heaviest at 180 days.

Calves born in the months of June through November had lighter

average weaning weight than calves born in the other months. Linton

et al. (1968) reported that month of birth effect accounted for 0.94

percent of the total variance. Age-adjusted weaning weights were

heaviest for calves born between January 1 and March 15. Weights

declined as calving dates progressed into the later period.

The most important factors that emerge from these data are:

1. The constants for month of birth effect on suckling gain and wean-

ing weight respectively accounted for 0.5 and 2.4 percentage of the

total variances (mean tables).

2. The significant weight advantages existed at 140 days for the earliest
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born calves over both groups born later. This difference was more than

20 pounds. Though these calves got off to a slow start, it is believed

that the later growth stimulus that resulted in the 140-day advantage

was due to the cows and calves being on optimum pasture for a longer

period of time than either of the other two groups.

The Influence of Sex

Least squares analysis of the data (Table 28) showed a highly

significant difference (P < .01) between sexes for birth weight. Bull

calves averaged 4.3 pounds more than heifers at birth and the differ-

ence became more pronounced with time. The differences in body

weight between bulls and heifers was 13.8 pounds (P <. 025) and 32.8

pounds (P <.08) at 140 days of age and weaning, respectively. The

results in Table 28 showed that sex is a significant factor in the

preweaning performance of beef calves.

The effect of sex was most pronounced from birth to nine weeks

of age (main table). After nine weeks of age, sex effects decreased

and plateaued, accounting for 0. 3% of the total variation in body

weight. The same effect can be seen from the analysis of periodic

gains (Figure 13 and Table 28). During the first period (14 to 56

days) there was a 5.5 pound difference in favor of the bull calves.

This difference was highly significant (P < . 025). During the next

two 42-day periods, the differences in gains between sexes were not
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Table 28. F-values and least squares effects of sex on preweaning performance of calves.

Variables F-value

Birth weight 2.162 4.324 -2. 162 11.45 **

14-day body weight 1.484 2.968 -1.484 2.04

28-day body weight 3.380 6.760 -3. 380 7.41 **

42-day body weight 3.818 7.636 -3.818 6. 99**

56-day body weight 4.530 9.060 -4. 530 7.39 **

70-day body weight 4.335 8.670 -4. 335 5. 66+*

84-day body weight 4.478 8.956 -4.478 4.71*

98-day body weight 4.980 9.960 -4.980 4.95*

112-day body weight 5.656 11.312 -5. 656 5. 23+*

126-day body weight 4.824 9.648 -4.824 3. 35+

140-day body weight 6.923 13.846 -6.923 5.81+*

Gain from 14 to 56 days 2.742 5.484 -2. 742 5.07 *

Gain from 56 to 90 days -0.408 -0.816 -0.408 0. 17

Gain from 98 to 140 days 1. 208 2.416 -1.20 1.07

Suckling gain 0.035 0.070 -0. 035 2. 77+

Weaning weight 16.395 32.790 -16. 395 62. 28**

d Male

y Female

(d - ?) Difference between two sexes
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significant. Although the effect of sex on gain during the first 42-day

period was highly pronounced (P < .025), the overall sex effect on

total preweaning gain was mild and only lowly significant (P < . 10).

The differences between bull calves and heifers were similar

to those recorded by other workers in that bull calves were heavier

than females. The average body weight difference in pounds between

bull calves and heifers at weaning has been reported as 22 by Knapp

et al. (1942); 23 by Koch (1951); 32 by Koger and Knox (1945); 28 by

Woolfold and Knapp (1949); 3 and 14 by Gregory et al. (1950); 26 by

Koch and Clark (1955); 38 by McCormick et al. (1956); 57, 33 and 22

at 240 days of age by Brown (1960); 24 by Sewell et al. (1963); 32 by

Meade, Jr. et al. (1963); 55 by Cundiff et al. (1966) and 40 by Vesly

and Robison (1971).

The results of the analysis of environmental effects show that

age of dam, year effect, month of birth, and sex effects are the major

non-genetic factors that contribute significantly to preweaning per-

formance of beef calves. These non-genetic factors can not be com-

pletely eliminated from any large animal breeding program and they

limit the accuracy of identification of superior genotypes and conse-

quently limit selection progress. Efficiency of selection will be

increased by standardizing, where possible, the non-genetic sources

of variation among individuals in the herd. The bias introduced by

non-genetic sources of variation can be limited to a considerable
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extent through the development of appropriate correction factors or

through selection within smaller sub groups within the population.

For example, bias due to month of birth can be reduced by selection

of progeny born within a particular month and bias due to age of dam

can be reduced by selection within each definable age group where

possible.

Two-way Interaction

Estimations of the importance of some two-way interactions

for a number of preweaning traits in beef cattle were calculated.

These are the joint effects of the two factors after the average effect

of both individual factors have been removed. The failure of the

traits of one factor to be independent of the levels of the other factor

could be interpreted from the biological point of view. The genetic

material which controls a trait, such as body weight, under a par-

ticular environment, may be different or at least partially different

from that which controls the trait under a different environment.

Interaction also occurs when the same genetic material ranks differ-

ently in different environments or when the effects differ in size in

different environments.

For example, it may be seen from Figure 14 that under low

level of nutritional environment, such as the maternal effect of

Prince line, bull calves and heifer calves differ in weaning weight
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by only 2. 71 lbs. from the average of the herd. But, under good

nutrition such as that presented by the maternal abilities of the

Lionheart and David lines, the difference between the two sexes is

highly pronounced and the deviation due to the sex effect amounted

to 52.06 lbs. for Lionheart and 54. 77 lbs. for David line from the

herd average. This differential response appears to be associated

with the greater growth potential of bull calves, which tend to make

them more susceptible to preweaning limitations in nutritional environ-

ment provided by the dams of different lines.

The interactions of the genetic and environmental factors in

beef cattle data are potentially complicated due to the presence of

environmental parameters and efficiency of selection proced-

ures require some information on the importance of these effects.

The results of the least squares analysis of the present data

(mean tables) show that the most important source of variation due

to two-way interactions, on preweaning performance traits of beef

calves is maternal-year interaction. This finding could be due to

the fact that the dam with a higher degree of inbreeding expresses

greater susceptibility to the vagaries of environment as it is meas-

ured by performance of her rung. Variation due to maternal-year

interaction on body weight was mainly constant for the first 100 days

of the suckling period and accounted for about 13. 0% of the total

variations. But, at 140 days of age it drops to 10.4% of the total



113

variations. At weaning, variation due to this factor accounted for

10. 7% of the total variation in body weight. Variation due to all the

two-way interactions accounted for 14. 5% at birth, 13. 5% at 140-days

and 15. 7% at weaning of the total variations in body weights.

Highly significant sex-linkage, sex-type of breeds, sex-general

combining ability, sex-year, maternal-month of birth, maternal-year,

and maternal-sex interactions in weaning weight were noted. How-

ever, sex-general combining ability, sex-inbreeding, and maternal-

year were the only significant interactions affecting suckling gain.
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SUMMARY AND CONCLUSIONS

The data included 251 heifer and 279 bull calves produced from

two breeds of cattle, Angus and Hereford. The experimental design

involved 26 genetic groups with 4 different linebreds and 6 different

types of crosses. Performance measurements consisting of birth

weight, weights at 2-week intervals, weaning weight, 3 periodic

gains during the suckling period and preweaning daily gain were

collected over an 8-year period. The purpose of this study was to

analyze the influence of heterosis, type of crosses, breed differences,

linebreeding effect, general combining ability, sex-linkage, maternal

effect, sex differences, year effect, month of birth effect, interaction

of factors, inbreeding of dam, effect of initial weight and age of

calves upon each of the preweaning performance traits. The variance

component, relative percentage of the variations and the least squares

effects of the levels of the above factors were estimated for all the

traits.

The results of these analyses support the following conclusion:

1. The maternal ability of the three Hereford lines on body weight

of the calves was extremely pronounced at 14 days of age, as shown

in Figures 1, 2 and 5, when the maternal influence is apparently most

influential. The maternal effect on calf body weight tends to return

to normal between 14 and 28 days beyond which the influence of this
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factor follows the normal pattern. This fluctuation of the maternal

effect during the early suckling period is believed to be due to the

fact that during the first two weeks following birth, the calf is

extremely sensitive to a number of factors that may reduce its

ability to survive. This is the most critical period as evidenced

by the fact that, if death occurs, it most often comes within the first

two weeks of life. Perhaps the most significant change that occurs

is the move from the fairly constant uterine environment to the

continually changing, often harsh external environment. The tem-

perature differential is the most extreme. Maintenance of body

temperature is important because if it drops appreciably, the calf

is immediately more susceptible to disease and less able to gain the

physical strength necessary to stand and nurse. Related to this is

the calf's immediate requirement for colostrum which supplies it

with the best possible nutrient as well as antibodies that help it

resist certain infectious diseases encountered during the first few

days of life.

2. A symmetrical relationship was seen between the genetic influ-

ence and the environmental influence. It appears that, as the effects

due to genetic factors decrease, those due to environment increase,

and vice versa. This contrast relationship is shown in Figure 1 5. At

birth, the genetic differences between breeds and among lines, exerts

its highest effect; however, the influence due to age of dam has its
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lowest effect at this time. The opposite influence is seen at 28 days

of age--when these genetic factors are exerting their lowest effects,

while age of dam is exerting its highest.

3. It is apparent that the most important source of indirect genetic

effect in preweaning performance of beef calves is maternal. This

effect accounted for about 50% of total variations in body weights of

calves during the suckling period. It was also found that the maternal

ability of the David line was significantly superior to that of the other

two lines. Effect of sex-linkage and general combining ability were

small and usually not significant; however, these effects were more

pronounced on weaning weight than the other preweaning performance

traits. It was demonstrated that the genetic potential for growth of

the Lionheart and Prince calves were significantly superior to that

the David calves. It was also estimated that calves of the Angus breed

had greater genetic potential for growth and better milking ability

than calves of the Hereford breed.

4. Least squares analysis of the data shows that preweaning weights

of calves are affected considerably by some of the fixed environmental

factors such as age of dam, inbreeding of dam, year effect, month

of birth and sex. The effect of age of dam on preweaning performance

of calf approaches the herd average when the dam reaches 4 years of

age. A negative effect due to inbreeding of dam was observed and

also it is apparent that this depression is greater in the latter part
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of the suckling period. The effect of year was highly significant for

all the traits. The overall year effect accounted for 0. 9% of the total

variation in suckling gain and 0. 5% of the total variation in weaning

weight. The significant weight advantages of the earliest born calves

over both groups born later were noted. This difference between the

earliest and latest group was about 20 lbs. in body weight at 140 days

of age. The influence of sex was highly significant. The difference

between male and female calves in body weight were 4.3 lbs. at birth

and 32. 8 lbs. at weaning time.

5. The importance of some two-way interactions of the factors were

established. It appears that the most important source of variation

due to two-way interaction on the traits is maternal x year interaction.

Variation due to all the two-way interactions at weaning

accounted for 10. 7% of total variation in body weight.
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