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(iv)
SUMMARY

The present study was carried out to assess the
efficiency of the Kenya Beef Records®™ "Productivity
Index™, as 1t iIs used currently to cull breeding
Boran beef cows. The data came from Mogwooni ranch
in the Laikipia District of Kenya and were collected
between 1967 and 1976. A total of 384 Boran cows
which weaned a minimum of four calves were selected
for the study. In all 1526 weaning weight and calving
interval records were available.

Weaning weights were corrected for the effects
of sex and weaning age and calving interval was
defined as the interval between the time of birth
of the last calf reared to weaning and that of the
calf under discussion. Repeatabilities were estimated
for the "Productivity Index" and i1ts component traits -
weaning weight and “productive® calving interval. The
estimates were 0.05 - 0.02, 0.13 - 0.03 and 0.08 - 0.02
respectively. The very low repeatability of this
index implies that the accuracy with which cows may
be culled would also be very low. As heritability
estimates must be lower, the rate of genetic progress
when this trait is selected for would be negligible.

The genetic correlation between the component
traits was 0.32. But iIn practice, iIncreased weaning

weight and decreasing calving interval are antagonistic.



M

In cow-calf system of beef production, 11t would be
preferable to have a short and regular calving
interval of about one year and an average weaning
weight. The difficulties of attempting to improve
the two component traits iIn a simple iIndex without
the inclusion of heritability or genetic correlation
estimates are discussed.

It was concluded from the present study that
the Kenya Beef Records* "Productivity Index” would
not be efficient as a basis for 1mproving the
productivity of Boran beef cows. Methods of Improving

this index are discussed.
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CHAPTER 1

INTRODUCTION

The fertility of a cow and the growth potential of
its calves are among the outstanding economic traits
in a cow-calf system of beef production. At herd level
the average length of calving interval, and hence the
percentage calf crop is greatly determined by the
fertility of breeding cows. The genotype of the calf
and the milk yield of the dam both determine the pre-
weaning growth of the calf, as measured by the weaning
weight. Thus, the interest should be, to have beef
cows which have a high level of fertility and wean
heavy calves regularly.

In Kenya, the Boran has been recognized as a poten-
tial future beef breed, and attempts have been made to
improve it genetically by selection. V/hat is known now
as the “Improved®™ Boran is the result of nearly half a
century selection. The improvement has been carried out
on commercial ranches iIn better environments iIn the areas
categorized by Pratt, Greenway and Gwayne (1966) as
ecological zones four and five. It 1s envisaged that
the Boran might compose the majority of breeding beef cows
in Kenya in the near future (Wilkins, 1974). On the
merit of the Boran cow, Mason and Maule (1960) and Meyn
(1970) have reported that the Breed has excellent adapta-
bility, mothering ability, milkiness and growth rate.
Studies conducted at Naivasha indicate the existence of

a substantial variation in performance within the breed



(Annual Report, 1972 - 73), suggesting that a further
improvement by selection i1s possible. This calls for the
use of a properly constructed and efficient selection
index.

The construction of a proper and efficient selection
index takes iInto account the heritability and the relative
economic values of the component traits. Both the pheno-
typic and genetic correlations between the traits are
also considered. The component traits are weighted by
these factors and then summed up Into a score or index
for individual cows.

A beef recording scheme (Kenya Beef Records) has
been set up within the Livestock Recording Centre,
Naivasha, primarily to assist iIn the genetic iImprovement
of the Boran cattle by selection. The scheme has evolved
a type of index, referred to here as the Kenya Beef
Records* ™Productivity Index”, to be used for selecting
breeding Boran beef cows. The two component traits of
this i1ndex are the weaning weight of a calf and the
eproductive* calving interval of the dam. According to
the system, the weaning weight 1is adjusted for the
effects of sex and age of calf only. The T"productive®
calving interval 1is defined as the interval between the
date of birth of the last calf reared to weaning, and
date of birth of the calf under discussion. The corrected
weaning weight 1is divided by the "productive* calving
interval iIn days, to give the amount of weaning weight

which a cow was able to raise per day of “productiver



calving interval. Due to the large ecological and
seasonal variations that occur iIn Kenya, the cows are
rated by this index on a within ranch and month basis.
The efficiency of the Kenya Beef Records® "Produc-
tivity Index", as a basis for improving the productivity
of Boran beef cows genetically has, however, remained
unknown. The construction of this index, unlike that of
a proper selection iIndex does not take Into account the
heritability and the relative economic values of the com-
ponent traints, nor does it consider both the phenotypic
and genetic correlations between them. This index is
already being used by some three ranches in Laikipia
District. It has also been integrated iInto the new
computer programme which was introduced recently by the
International Livestock Centre for Africa for beef data
analysis. It is believed that the "Productivity Index"
gives an efficient and reliable indication of the
economic performance of a Boran beef cow per given time
of “productive® calving interval Wilkins, 1974). How-
ever, the fact that this iIndex is used to cull the less
productive Boran cows makes it necessary to assess Its
efficiency as a basis for improving the productivity of

these cows genetically.
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CHAPTER 2
REVIEW OF LITERATURE

The theory of index selection was originated by
Smith (1937) and improved later by Hazel and Lush (1942)
and Hazel (1943). The method was first iIntroduced to
animal breeding work by Hazel (1943). The merit of
index selection lies In the fact that i1t will offer
maximum genetic improvement, relative to i1ndependent
culling levels and tandem selection, when selection 1is
made to improve more than one trait (Hazel and Lush,
1942 ; Young, 1961; Finney, 1962). The construction of
a proper selection iIndex takes iInto account both the
heritability and the relative economic value of every
component trait, and also the genetic and phenotypic
correlations among the traits.

To the extent that the productivity of beef cows
iIs determined by several traits, the use of iIndex
selection i1s justified. Different selection indices
of varying efficiencies have been used to select beef
cows for overall productivity. The variation iIn their
efficiencies depends on which traits are considered to
influence the productivity of beef cows iIn a particular
beef enterprise. Rae and Barton (1970), Animal Production
Research Unit (APRU) — Botswana (1975) and Preston and
Willis (1970) have considered the reproductive performance
milk production and mothering ability to be among the
most important economic traits of a beef cow. Both the

milk production and mothering ability of a beef cow

are measured by the weaning weight of i1ts calf, while



the reproductive performance or fertility 1iIs measured

by the length of calving interval. Unfortunately
fertility traits, with the exception of gestation length
(Dickey and Cartwright, 1961; APRU - Botswana, 1975;
Preston and Willis, 1970) are of low heritability and
will not give sufficient response to justify selection.
This appears to be the reason why index selection In
beef cows has dwelt more on growth and body measurement
traits, than on fertility traits. However, this iIs not
to say that fertility as such is of less economic iImpor-
tance 1n beef production.

The relative merits of the different selection
indices which have been used to predict the future
productivity of beef cows have been reported in litera-
ture. The merit of an index combining weaning weight
and weaning grade (type or conformation score at weaning)
was investigated by Rollins and Wagnon (1956); Magee,
Nelson and Branaman (1961); Marlowe and Vogt (1965);
Frey, Frahm, Whiteman, Tanner and Stephens (1970) and
Frey et al»(1972). Their findings, as far as the
efficiency of this index is concerned, were rather
conflicting. Whereas a close genetic correlation between
weaning weight and weaning grade was observed by Rollins
and Wagnon (1956), indicating that both traits may be
improved simultaneously by one index, Magee et al» (1961)
and Frey et al; (1972) reported a rather low and negative
genetic correlation between the two traits. The works

of Lehman, Gaines, Bovard and Kincaid (1961) and Vesely



and Robison (1961) showed that an index using weaning
weight alone would be more efficient as a measure of the
future productivity of a beef cow, than the one combining
weaning weight and weaning grade.

These studies seem to point out that weaning grade
is less efficient, as a measure of the future producti-
vity of a beef cow, than weaning weight. The only
justification, 1In many cases, for its inclusion in the
index, will be where i1t is not possible to measure
weaning weight, or if the market demands the sale of
weaners on the basis of conformation. But then the
inclusion of weaning grade in a selection index would
only be useful where the genetic correlation between
weaning grade and weaning weight is high.

Wilson, Dinkel, Ray and Minyard (1963) proposed
an index combining weaning weight, pre-weaning and
post-weaning daily gains to be used In the prediction
of the future productivity of beef cows. They were
probably prompted to propose this index by the close
genetic correlations which they observed between the
component traits. But then, the evaluation of producti-
vity in beef cows based on the pre-weaning performance
of their calves would be generally preferable for two
reasons. Firstly weaning weight has a larger maternal
component than post-weaning gains, and secondly selection
based on weaning weight can be made at an earlier age.

The works of Gregory, Blunn and Baker (1950),

Molinuevo (1966) and recently Tonn(1975) 1iIndicate that



the weight of a beef cow at the time its calf iIs weaned,
should be considered when evaluating i1ts productivity,
especially under range conditions. All these workers
have reported a rather close and positive phenotypic
correlation between this cow weight and the weaning
weight of i1ts calf. It was also shown (Molinuevo,

1966) that the two traits have medium to high heritabili-
ties, and could be expected to give sufficient response
to selection. However, the iIncrease iIn the metabolic
body size of a cow, as measured by its weight at the

time i1ts calf i1s weaned, will also iIncrease its require-
ment for maintenance energy. This, In turn, has a
reductive effect on the net energy for milk production,
which is essential for the effective pre-weaning growth
of the calf. If a cow cannot get enough energy to
maintain 1ts body weight and at the same time produce
enough milk for its calf, i1t will be forced to meet the
deficit from the body reserves, thereby reducing its body
weight. Brinks, Clark, Keiffer and Quesenberry (1962)
and Godley, Wise and Tribe (1966) demonstrated the
existence of a negative phenotypic correlation between
dam weight at weaning and the weaning weight of its calf.
It appears that a suitable selection aim should compromise
between both the metabolic body size and maintenance energy
requirement of a cow, and its ability to wean a heavy
calf.

Weaning weight

Several factors have been known to influence the

weaning weight of a calf. Previous studies (Koch and



Clark, 1955; Creek and Nestle, 1964; Cunningham and
Henderson, 1965; Burgess and Bowman, 1965; Godbey et
al. 1966; Torvn,1974)have shown that among these factors,
are birth weight, sex and weaning age of calf, month,
season and year of both calving and weaning, and herd,
previous calving interval, age and parity of the dam.
These studies have also shown that the relative magni-
tude of these influences vary with the environment 1in
which the dams have reared their calves. Therefore,

in evaluating productivity in beef cows on the basis of
weaning weight of calves, adjustments must be made

for all those factors which influence this trait signi-
ficantly iIn a particular environment.

The effect of birth weight on weaning weilght 1is
precisely known. Carter and Kincaid (1959), Shelby,
Clark and Woodward (1963), Swiger, Gregory, Sumption,
Breidenstein and Arthunds (1965) and Beruecos and Robison
(1968) have all demonstrated the existence of a close
phenotypic correlation between the two traits. They
also observed a significant variation in weaning weights
of calves which was due to differences iIn their birth
weights. Further evidence for the significant effect
of birth weight on weaning weight was provided by
Jeffery, Berg and Hardin (1971), who found that an
increase of 1 kg. i1n birth resulted iIn 1.74 and 1.59 kg.
increases in weaning weights of male and female calves
respectively. In an earlier study, Nelms and Bogart
(1956) showed that for every difference of 10 lbs. 1In

birth weight, there was a significant difference of



0.115 Ibs. per day of pre-weaning rate of gain. Recently
Belie and Panic (1974) observed that the effect of birth
weight on weaning weight, as measured by the coefficients
of determination, were 12.9 - 49.7% and 13.2 - 20.7% for
male and female calves respectively. The calves were
born between the first and third calvings. These close
phenotypic correlations between birth weight and weaning
weight suggest that, selection to Increase weaning

weight will also increase birth weight indirectly.

There 1s, however, the risk of increasing the level
of dystocia iIn a herd due to the iIndirect increase 1In
size of calves at birth, as measured by their birth
weights (Bellows and Verner, 1973). Empirical evidence
for the i1ndirect and significant effect of weaning
weight on the level of dystocia In a beef herd has also
been given recently by Laster, Glimp, Cundiff and Gregory
(1976) and Wilson, Willis and Davidson (1976). The
same workers also showed that losses such as reduction
in both the conception rate and percentage calf crop are
some of the direct results of dystocia. It seems that
while artificial selection may aim at iIncreasing weaning
weight, and hence, birth weight indirectly, natural
selection aims an average weaning weight, with an average
birth weight. In artificial selection, it would also
appear reasonable to aim at an average weaning weight
giving an average birth weight.

The existence of a significant sex difference iIn the

weaning weight of beef calves has been confirmed In a
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number of studies. Martojo (1974) found that sex alone
accounted for 4.2% of the total weaning weight variation.
He based his study on 9773 weaner calves of mixed breeds.
Sex differences iIn weaning weight ranging from 4.7 -
10% were reported by Tonn(1974) from some four herds of
Boran, Friesian X Boran crosses and Aberdeen Angus in
Kenya. This range of differences 1iIs in agreement with
that reported from Australia by Seifert, Rudder and
Lapworth (1974) for Brahman crosses. In America, Cudiff,
William and Pratt (1966) found, from 13,937 Hereford and
Angus weaning weight records, that sex alone accounted
for more than 5% of the total variation iIn weaning weight
Creek and Nestle (1964) working iIn the West Indies,

were able to show that the relative pre-weaning perfor-
mance of male and female calves varied with both the
environment and season. They observed that iIn a good
season, a male calf was more capable of expressing 1its
genetic potential for growth, than a female calf. This
finding Implies that sex correction factors for weaning
weight must be developed within the different environ-
ments and seasons.

The weaning age of a calf has been regarded by many
workers as one of the factors whose iInfluence on weaning
weight is highly significant (Minyard and Dinkel, 1965;
Marlowe, Mast and Schalles, 1965; Godley, Wise and Tribe,
1966). The fact that calves of different ages will have
different weights at weaning is well understood. Botkin
and Whatley (1953), Gottlieb, Wheat and Smith (1962),

Preston and Willis (1970) and Torfi(1974) all reported
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linear regression of weaning weight on weaning age of
calves of different breeds. Theilr regression coefficient
estimates were in the range of 0.25 - 0.77 kg. per day,
and were all significantly different from zero. The

need to correct weaning weight for the iInfluence of age
of calf at weaning 1is probably too obvious a point to
stress.

The relative effect of season, herd and year of
weaning on weaning weight has been i1nvestigated. Recently
Kennedy and Henderson (1975) estimated, from 61,688 and
22,333 Hereford and Angus calf records, that herd alone
accounted for 25 - 44% of the total variation in weaning
weight. Year alone accounted for less than 4% of the
total variation iIn the same trait, while year X herd
component accounted for less than 10%. From 1,363
calves belonging to six Angus herds and 2,042 calves
from four Hereford herds, Mato jo (1974) found that herd
and year effects accounted for only 7.2 and 0.9% of
the total weaning weight variation, respectively. The
amount of the total variation iIn the same trait, accounted
for by year X herd interraction was 3.7%, which was
much lower than the estimate of Kennedy and Henderson
(1975). In another study Shelby et al.* (1960) estimated
the magnitude of year effect to be 36 - 44% of the total
variation iIn weaning weights of some 542 Hereford bull
calves.

Koch and Clark (1955); Nelms and EJogard (1956); and
Swiger ef ad* (1962), all working iIn America, reported

on the effect of season on weaning weight, but iIn each
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case season was confounded with either age of calf or
age of dam. In India, Lima (1974) observed a significant
effect of season on weaning weights of 663 calves of

Gir, Nellore and Guzerat zebus. This effect was signi-
ficant iIn all breeds, ranging from 159.9 kg. for calves
weaned iIn June - July to 199.3 kg. for calves weaned 1In
February - March. The effects of season and year are
somehow similar, iIn that they can be explained 1in

terms of forage availability, and milk yield of the

dams, as measured by the weaning weights of their calves.
All these studies point out that season, year and herd
of weaning all iInfluence weaning weight significantly
and should be corrected for.

Studies on the effect of age of dam on weaning
weight show that the influence of this factor 1iIs more
pronounced iIn the Bos taurus breeds of cattle than in
the Bos indicus. Ton (1974) found no significant
influence iIn one of the ranches included iIn his study,
where only Boran cattle were kept. His findings agree
with those of Koger ¢: al» (1962) and Preston and Willis
(1970), who also reported no significant effect of age
of dam in Bos indicus cattle. The significant effect
of age of dam on weaning weight of Bos taurus breeds of
cattle was dmonstrated by Brinks et al.(1962); Fitzhugh,
Cartwright and Temple (1966); and Marlowe and Gaines
(1957). However, it should be noted that the Bos indicus
breeds, such as the Boran, calve when they are at least
three years old, and it would appear that at this age

their milking ability is similar to that iIn subsequent

1 3 | EAEA
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Other studies have also reported on the effect of
age of dam on weaning weight. Martojo (1974) showed
that 1.3% of the total variation in weaning weights of
9,773 Hereford, Angus, Santa Gerrudis and Brahman calves,
was due to the effect of age of dam. Burgess and Bowman
(1975) observed that age of dam, year and season of
weaning, all combined, accounted for less than 10% of
the total sum of squares for weaning weight. It was
also noted In the same study that two and three year
old cows weaned calves which were 34.3 and 13.5 Ibs.
lighter than the population mean, while four to eight
year old cows weaned calves which were 13.5 lbs. above
the population mean. It appears that there is an optimum
age at which beef cows reach their maximum production,
as measured by the weaned weight of their calves. This
age (Swiger et al. 1962; Rutledge, Robison, Ahschwelde
and Legates, 1971; Burgess and Bowman, 1965; Tonn, 1974)
lies within the range of four to eight years, and
probably coincides with the age at which a cow attains
full maturity. The majority of these studies point out
the need to correct weaning weight for the age of dam
effect, especially iIn the Bos taurus breed. The correct-
ion should be based on mature age.

The rationale in considering weaning weight as a
character of the dam, rather than of the calf, has been
shown In previous studies (Botkin and Whatley, 1953;
Koger and Knox, 1947; Koch, 1951; Trail, Sacker and
Fisher, 1971). The merit of weaning weight, as a measure

of the future productivity of beef cows i1s greatly
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dependent on its genetic parameters. Preston and Willis
(1970) presented some American estimates of the weaning
weight repeatability. They considered the acceptable
range to be 0.25 - 0.55, suggesting that the trait 1is

of medium repeatability. A high repeatability means that
poorer cows can be accurately culled as early as possible
- after weaning the first calf. Consequently, the gene-
ration interval 1Is shortened and the rate of response

iIs improved. There 1s also the advantage of saving both
the time and recording expenses by culling poorer cows

as early as possible. The work of Koger and Knox (1947)
based on weaner calves born to 436 beef cows, showed that
the highest weaning weight correlation occurred between
the first and second calves of the same cow. This
correlation was, however, reduced only slightly between
the first calf and the various other combinations of
subsequent calves up to the fifth one, iIndicating that
the first weaning weight measurement would be a reliable
predictor of the future productivity of a beef cow upto
the fifth year.

The heritability of weaning weight, has also been
shown to be of medium value (Shelby et alk 1955; Preston
and Willis, 1970; TonP,1974). A summary of some
American estimates which gives the acceptable range
as 0.20 - 0.50 was reported by Preston and Willis (1970).
Estimates of 0.28 - 0.08 and 0.30 - 0.12 were obtained
by Tonb(1974) for 998 Boran and Boran crosses, respecti-
vely. The majority of reports from previous investigations,

however, seem to agree that weaning weight, as a character
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of the calf i1s of medium heritability and would give
sufficient response If calves are selected to join
ebreeding mobs on the basis of this trait.

Generally a positive and large genetic correlation
has been reported between weaning weight and other beef
traits which are considered to be of economic importance
(Koch and Clark, 1955; Dinkel and Bush, 1973; Boston,
Whiteman and Frahm, 1975). The importance of this
correlation iIs that i1t determines both the magnitude and
direction of response, when selection is made to improve
more than one trait simultaneously. Carter and Kincaid
(1959); Shelby et al» (1963) and Swiger et al.(1965)
have reported a close genetic correlation between wean-
ing weight and birth weight. A fairly close genetic
correlation between weaning weight and both pre-weaning
and post-weaning growth rates were also reported by
Lehman e+ al«(1961); Swiger _et al» (1962); Beruecos and
Robison (1968) and Dickerson (1974). However, it was
pointed out (Carter and Kincaid, 1959; Brinks et al.
1964) that under bad environmental conditions, a low
or even negative genetic correlation could occur between
these traits. The positive and close genetic correlation
reported iIn the majority of studies has two Important
implications. Firstly, a unidirectional response would
be expected from a selection based on an iIndex combining
all the three traits, thereby bringing about their
genetic 1mprovement simultaneously. Secondly, where
selection is made to improve weaning weight only, there

will be a correlated response iIn the same direction 1iIn
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both the pre-weaning and post-weaning growth rates and

both traits would thus be improved indirectly.

Calving interval

The relevance of calving interval to the producti-
vity of beef cows is well known. This trait iIs considered
to be among the most efficient measures of the fertility
of beef cows (Baker and Quesenberry, 1944; Rae and Barton,
1970; Preston and Willis, 1970; APRU-Botswana, 1975).

A significant relationship between the average calving
interval of a cow and the total calf crop during its
productive life has been reported by Rae and Barton (1970)
and Preston and Willis (1970). Cows with shorter calving
intervals produce more calves iIn their productive life
compared to those with longer intervals. Thus, to the
extent that calving interval greatly determines the
productivity of beef cows, i1t is of great economic
importance in beef production.

However, not much attention has been paid to the
genetic iImprovement of calving interval, despite its
great economic Importance. This is mainly because the
trait i1s of low genetic variability. Legates (1954)
observed almost no genetic variation in calving interval
to justify selection. He noted that, although the
repeatability of this trait was 0.13, its heritability
was nearly zero. Further evidence for the low genetic
variability of calving interval was given by Mahadevan

and Marples (1961); Galukande, Mahadevan and Black (1962)
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and Rutledge et al.(1971). All these workers reported
very low heritabilities which were generally nearing
zero. The low genetic variability of calving interval
indicates that the trait i1s influenced mainly by environ
mental factors, and that i1ts rate of genetic improvement
by selection is likely to be slow iIndeed.

The effect of the length of preceding calving inter
val on weaning weight has been investigated. Tonn(1974)
found no significant effect of the length of preceding
calving iInterval on weaning weight In three of the
four ranches included iIn his study. The effect in one
ranch was, however, significant, though rather small.

In this ranch he observed a linear regression of wean-
ing weight on the length of preceding calving interval
of 0.018 + 0.008 kg. per day, excluding beifers. A cow
with a longer preceding calving interval had enough time
to recover from previous lactational stress as opposed
to the one which had a shorter interval. This cow
should, therefore, produce more milk for the calf during
its pre-weaning growth. Galukande et al. (1962) found

a significant iIncrease in the current lactation yield of
a cow, which was attributable to the long preceding
calving interval. A similar observation had been made
earlier by Mahadevan and Marples (1961), but they noted
that the increase was only true in the second and third
lactations and not In the subsequent ones. However, a
longer preceding calving interval would be undesirable

to the extent that i1t reduces the average annual calf



18

crop of a herd (Rae and Barton, 1970). It would, therefore,
appear reasonable to have an average length of calving
interval of, say one year.

Although there is empirical evidence to show that
calving interval is mainly influenced by environmental
factors, reports on which of these factors are implicated
are rare. A significant effect of the month and year of
calving, and age of dam on the length of following
calving iInterval was reported by Schalles and Marlowe
(1967). Cows which calved iIn May and August had shorter
following calving intervals than those which calved in
June and July. The significant effects of both year and
season could have been caused by the differences in
forage availability between the different seasons and
years. The availability of feed greatly determines the

nutritional status of a cow and hence, its fertility.

The Kenya Beef Recordsl'Productivity Index¥

Wilkins (1974) described the method used iIn the
construction of the Kenya Beef Records®™ ™"Productivity
Index. This method is different from the standard one
which was recommended by Smith (1937), Hazel and Lush
(1942) and Hazel (1943) for the construction of a proper
selection index. In the construction of the "Producti-
vity Index®, the component traits - weaning weight and
"productive® calving interval - are not weighted by their
heritabilities and relative economic values. Neilther are

the phenotypic and genetic correlations between them



19

considered. According to the Kenya Beef Records,
weaning 1is corrected for the effects of sex and weaning
age of calf only. But i1t is well known that other
factors such as season of both calving and weaning, dam
weight at weaning and herd are also implicated signi-
ficantly (Swiger et al, 1962; Martojo, 1974; Tonh , 1974;
Kennedy and Henderson, 1975). Since season of weaning
affects weaning weight significantly, the use of the
factor of 1.1 to correct for the effects of sex iIn all
seasons, as 1Is currently done may give only a rough
approximation. The i1nclusion of calving interval as a
component trait of this index, despite its lo/ genetic
variability, could reduce i1ts efficiency substantially,
as far as the genetic improvement of the cows is
concerned. Thus, the method of constructing the
’Productivity Index” makes it necessary to assess Its
merit as a basis for improving the productivity of Boran
beef cows genetically.

It was against this background that this research
project was conceived, with the following primary
objectives:-

)] to estimate the repeatabilities of the

eProductivity Index’, as it iIs at the
present time, and of its component traits
- weaning weight and ’productive’ calving

interval;



and

-
-
o/

1v)

20

to estimate the phenotypic, genetic and
environmental correlations between the
component traits;

to estimate the relative i1mportance of the
two component traits, as far as the deter-
mination of the iIndex 1Is concerned;
finally, to draw conclusions, based on

the research findings, on the efficiency

of the index
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CHAPTER 3

MATERIALS AND METHODS

3.1. DESCRIPTION OF THE ENVIRONMENT AND STOCK
3.1.1. The Environment

Mogwooni ranch is located to the North-West of
Mount Kenya, in the semi-arid zone, classified by Pratt
et al»(1966) as Zone 4. The ranch 1iIs about 25 km.
from Nanyuki town, on the Nanyuki-Rumuruti road. About
1600 cattle are kept In an area of 6,454 hectares,
giving a stoking rate of about four hectares per animal.
This stocking rate varies with the different seasons
of the year.

The rainfall i1s low, poorly distributed and varies
both within and between years. Generally the hottest
and driest months are December, January, and February.
There are two different rainy seasons - the long rains
fall from March to June and short rains from October to
November, the latter are, however, highly variable. In
some years the feed supply is depleted i1f the short rains
fail and the long rains are delayed. Table 1 shows a
ten year (1967 - 1976) mean annual rainfall on this ranch.
The highest annual rainfall recorded during this period
was 847.4 mm. in 1967, while the lowest was 383.5mm.,
recorded in 1973. The mean annual rainfall was 555.6 mm.
May had the highest monthly rainfall record of 1070.6 mm.
- total for the ten years - while January had the lowest

record of 20.6 mm
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A permanent river, the Nanyuki, passes through
the ranch from its source on Mount Kenya. The ranch
has iInstalled i1ts own pump to tap this water, giving
the cattle permanent access to drinking water.

The soil types vary between the different parts
of the ranch. However, the bulk of the ranch has red-
loam sandy soils. Fertile "black cotton® soils are
commonly found i1n the valleys. A wide range of bushes
and trees are found all over the ranch. Acacia and thorn-
bushes of many types are the outstanding ones. The
pasture 1iIs unimproved.

Wild animals such as antelopes and gazelles are
always present on the ranch, while buffaloes, zebras,
elephants and giraffes trespass into the ranch from
the nearby Samburu Game Reserve. Cases of animals,
especially calves and sheep, falling prey to predatory
animals are common. Stock theft i1s a problem to all
the ranches iIn this area.

3.1.2. The Stock

The main livestock kept on the ranch are cattle,
of which Boran forms the major breed. A few sheep are
also kept. Cattle are kept iIn different herds. There
are four breeding cow herds, four steer herds, three
heifer herds and one bull herd. There are also separate
herds for the culled cows and sick animals. One of
the four cow herds is composed of the Friesian X
Boran F* cows, which are kept iIn the dairy ranching

system to provide milk for domestic use. The F* cows



Table 1: Mean annual rainfall (mm) on Mogwooni Ranch

(1967 - 1976)

Year 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976

Total amount
of rainfall 847 .4 664.7 462.0 424 .2 539.2 546.9 383.5 457 .7 698.5 531.9
recorded (mm)

(Source; Mogwooni Ranch)
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are crossed back to Boran bulls to produce backcrosses
which are sold as fatteners. The males are also
sold as fatteners.

Senility, low productivity tas measured by weaner
production per month of “productive® calving interval)
and infertility are among the main criteria for culling
breeding cows. All breeding cows are allowed a maximum
productive life of ten years before they are culled on
age basis.

The selection of replacement heifers is done at
24 months of age. This means that all heifer calves
are retained at weaning. The bulling of heifers is
done mainly on the bases of their weight at 18 months,
general body conformation and performance records of
both parents.

The bull calves, unlike the replacement heifers
are selected at weaning. The selection 1i1s based on
their weaning weights and on the performance records of
the dams and grand dams. The unselected ones are
castrated at weaning.

The majority of the breeding bulls used on the
ranch are home-bred. A few have, however, been bought
in from other ranches, to avoid the occurance of an

undesirable level of i1nbreeding.

3.2. MATERITALS
3.2.1. Source of data
The data used iIn the present study were taken from

records of 1274 breeding cows, kept on Mogwooni Ranch in
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the Laikipia District of Kenya between 1961 and 1976.

The data had been collected earlier, under the super-
vision of the Kenya Beef Records of the Ministry of
Agriculture®s Livestock Recording Centre, and kept at
their offices iIn Naivasha. The study was conducted
within the Boran breed. Only cows which had four or

more calves, with both birth "ard weaning dates, and
weaning weight records available were included in the
study. Out of the total of 1274 cows, only 384 Boran
cows qualified, with a total of 1526- calves. Most of the
cows were born between 1961 and 1969, although some
foundation cows were born earlier than 1961. The 1526
calves were born between 1967 and 1976. The ranch
started weighing calves at weaning iIn 1967, thus only
calves born from 1967 onwards were included in the present
study. The cows calved for the first time at about 36
months of age. The average weaning age of calves was
about nine months. All calves were left with their

dams from birth to weaning, without access to any supple-

mentary feed.

3.3. METHODS
3.3.1. Data preparation

The records kept at the Livestock Recording Centre,
Naivasha, were checked for accuracy and also updated
during the initial stage of data preparation. The
main records of iInterest at this stage were the breed
and parity of dam, breed of sire, calving and weaning

dates, weaning age, weaning weight, sex and breed of
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calf. The checks were done individually for all the
1274 cows and their calves. At the end of the initial
check, all the records were taken to Mogwooni Ranch,
where a further check was made, this time against the
original records on the ranch from which the data at
Naivasha had been extracted.

The data codes were established following a satis-
factory checking and updating of all the available
records. The establishment of data codes was a necessary
process before the data could be put onto the coding
sheets, ready for punching. The codes were established
for the breed and origin of sire, type of birth, sex
and breed of calf. Codes were also established to
show whether both the present and previous calves were
weaned or not, and whether the calving and weaning
dates were complete or not.

Knowledge of the type of calving, whether single or
multiple, was essential in the calculation of both the
eproductive®™ calving interval and "Productivity Index".
Also of i1mportance, as far as the calculation of the
"productive® calving interval was concerned, was the
knowledge of whether both the present and the previous
calves were weaned or not. According to the Kenya Beef
Records, the definition of the “productive® calving
interval considers whether the previous calf was weaned
or not. The breed of calf was derived from the breeds of
both parents, and for a calf to qualify for use iIn the

study, both parents had to be Boran.
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The date codes were used to show how complete both
the calving and weaning dates were. Where only the
month and year of calving or weaning were present, and
not the exact day, the exact day was fixed at the 15th
of every month. Weaning on this ranch iIs done at around
the middle of the month.

3.3.2. Corrections of data and calculations

The corrections and calculations were done iIn
exactly the same way as the Kenya Beef Records. The
weaning weights were adjusted for the effects of weaning
age and sex of calf. A standard weaning age of 250
days was used, while the sex adjustment was based on
the age corrected weaning weight of a male calf. Thus,
the female age corrected weaning weight was multiplied
by a factor of 1.1 to put i1t on male basis. The same
standard birth weights of 28 and 26 kg. were used respec
tively, for male and female calves in the weaning weight
correctionse

The formula used to correct weaning weight for the

influence of age was:-

WwtA = (wt - Bwt 250) + Bwt
W . age
where, Bwt = birth weight iIn Kkg.;

wwt  * raw weaning weight in kg.;

Wt = age corrected weaning weight iIn kg.;

and W.age= actual weaning age in days.
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The T"productivel calving interval was calculated
as the difference i1n days, between the date of calving
of the last calf reared to weaning, and the date of
calving of the calf under discussion.

The F"Productivity Index®™ was calculated from the
age and sex corrected weaning weight and “productive®

calving interval according to the formula:-

thAS

Pl cl X

30.4

where, Pl = eProductivity Index®™ 1iIn kg. per month
of “productive® calving interval;

Cl "Productive®™ calving interval 1in days;

Wwt = age and sex corrected weaning weight

The factor of 30.4 i1s the average number of days
in any one month of the year.

The F"Productivity Index®™ gives an indication of
how much weaning weight a cow was able to raise per month
of “productive® calving interval. The ranch weans
calves once every month, and all cows weaning calves
in any particular month have this index calculated for
them. The relative productivity of each cow is then
expressed as a percentage of the monthly mean "Producti-
vity Index® of all the cows weaning calves iIn that

month, using the formula:-

Pl
Rating = Pl x 100
n
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where, n is the number of cows weaning calves In a
particular month. This rating was not, however, done

in the present study.

3.3.3. Data analysis

All the variables which were essential iIn the
analyses were stored on a master tape. Among them
were the "Productivity Index®, sex and age corrected
weaning weights, and the “productive® calving interval.
The analysis tapes were created from the master tape
according to the desired analyses. All the analyses
were carried out at the Institute of Computer Science

of the University of Nairobi on an ICL 1902 Computer.

3.3.3.1. Analysis of variance and the estimation
of repeatability

The analysis of variance, one way classification,
was done separately for each of the three variables -
the “Productivity Index®, weaning weight and "productive”
calving interval. The repeatability of each of the
three traits was estimated by the method of iIntraclass
correlation. This method was described by Falconer
(1960). Table 2 gives the model of the analysis of

variance table used.
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Table 2: A Model of the analysis of variance table

used for the estimation of repeatability

Source of Degree of Mean Expected
Variation freedom Squares Mean Squares
Between cows a-1 msb <Se kO B

Within cows

(between calves) N-a MSw

where, a = total number of cows (384) used
in the analysis;
N = total number of calves (1526) born

to the "al cows;

(E?gand @%

the between and within cow components

of- variance;

MS@ and MS between and within cow mean squares;

W

and kO the average number of calves per

cow (Faverage®™ group size).

The repeatability or the intraclass correlation
coefficient () of each of the three traits was then
calculated as the variance between cows (£>I§), expressed
as a fraction of the total variance ((E% +C>\ﬁ)— The

following formula was applied:-
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B w

The ~average®™ group size (kQ factor) was calculated

using the formula:-

u - 1 gN‘£nl
o a-1

where, = +total number of calves born to the ~th cow;

1 ranged from 1 to 384.

The standard error of the iIntraclass correlation
coefficient (t) was taken as the square root of its

variance using the following formula:-

21 + (k-1 )2 @ + B2 (N - D
SE

ko (0 - a (@- 1)

where, SETE is the standard error of the estimated iIntra-
class correlation coefficient. This formula was taken

from Turner and Young (1969).

3.3.3.2. The estimation of the phenotypic, genetic
and environmental correlations
The phenotypic , genetic and environmental correla-
tion coefficients between weaning weight and “productiver

calving interval, were estimated by the method of the
covariance analysis as shown in Table 3. This method was
described by Falconer (1960) and Turner and Young (1969).



Table 3: A model of the analysis of covariance table used for the

estimation of phenotypic, genetic and environmental

correlations

Source of Degrees of Sum of Mean Sum of Mean Sum of Mean
Variation Freedom Squares Squares Squares Squares Products Products

(69 (69 o) () &) &)
Between cows a-1 SSB nsb SSB MSb SPB MpB
Within cows
(between calves) N-a Ssw MSw Ssw msw spw Mpw
Total N-1 ssT mst ssT mst SpT mpt

E(MS)x E(MS)y E(MP)xy

Between cows dW + ko kO B CovW * KOCOVB

Within cows
(between calves) dw 6w Covw



where, covp and cov,, = the covariance components

between and within cows;

X = weaning weight;

y - "productive® calving interval;
SS sum of squares;
MP mean cross product of the two

independent variables (x and y)
SP sum of cross products of the
two independent variables;
Cony = covariance between the two
independent variables;

and E(MS) and E(MP) expected mean squares and

expected mean products conse-

cutively

The phenotypic correlation coefficient (r ) was
estimated by the formula:-

r - CoV*Y

« V < Vv

where, 6x and 4@ = the standard deviations of the
two variables - weaning weight

and “"productive® calving inter-

val respectively.

The genetic correlation coefficient (rA) was estima

as:-
cov
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The environmental correlation coefficient (ré)

was estimated using the formula:-

covB - covM

a -V (Ch -

where,, 6a and 6e between and within standard
deviations of weaning weight;
and @% and 6_ within and between standard

deviations of ’productive*

calving interval.

The regression coefficient (bxy) of weaning weight
(X) on Pproductive’ calving interval (y) was estimated
as:

cov

Standard partial regression coefficients were
calculated to determine the relative importance of the
two component traits, as far as the determination of
the 1ndex is concerned. The formula applied was:-

Standard Partial £ ]
Regression Coefficient & b ~AXx"N/Xy

where, b

the partial regression coefficient
of the ’Productivity Index” on

its trait i;

the ic component trait of the

index. The two component traits
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(weaning weight and “productive
calving interval) were the
independent variables;

the "Productivity Index"™ - a

dependent variable.

This formula was taken .from Snedecor and Cochran

(1973).

OF
library
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CHAPTER 4

RESULTS

4.1. Results of the preliminary analysis

The frequency distribution of weaning weight,
"productive* calving interval and “Productivity Index”
are presented by histograms in Figures 1, 2 and 3
respectively. The histograms show that except for
"productive” calving interval, the actual distribution
of these variables iIn the population studied were normal.
From the histogram in Figure 2, i1t can be seen that
the distribution curve for “productive® calving interval
would be skewed to the left, with the majority of the
cows having calving intervals of about one year (365
days). This kind of distribution curve is iIn order

for this trait.
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Figure 1: Frequency distribution histogram for
weaning weight
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Figure 2: Frequency distribution histogram for
eproductive® calving interval
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Figure 3; Frequency distribution histogram for
"Productivity Index”
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The minimum, maximum and mean values, variance,
standard deviations and coefficients of variation of

the three variables have been presented in Table 4

below.
Table 4: Minimum, maximum and mean values, variance,
of variation
Variable
Statistic
Weaning <Productive- "Producti-
weight calving vity
interval Index*®
Minimum value 98.21 300.0 2.44
Maximum value 274.23 1646.0 23.73
Mean value 171.39 430.67 12.73
Variance 685.75 14960.06 8.98
Standard deviation 26.19 122.31 3.0
% C.V.* 15.28 28.40 23.54
percent coefficient of variation

4.2. Results of the main analysis

4.2.1. Analysis of variance and the estimation of
repeatability
The analyses of variance for weaning weight,
eproductive®™ calving interval and "Productivity Index”
are laid out in Tables 5, 6 and 7 respectively. The

proportion of the phenotypic variance attributable to
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each of the two components - between and within cows -
has been shown for each variable. The estimates of
repeatability, calculated F-statistics and T“average*
group size have also been presented. The “average-
group size or the *kQ* factor in all the three analyses

was 3.97.

Table 5: Analysis of variance for weaning weight

Source of Degrees of Sum of Mean
variation Freedom Squares Squares
Between cows 383 360998.16 942 .55

Within cows

(between calves) 1142 684773.39 599.63

Variance Components

(A

86.31

dj

599.0

Repeatability (t)

*

[ g6:|T% s00- °-13 10 -025

This repeatability estimate was significantly
different from zero (PM0.005). The calculated F-value
of 1.572 was greater than the tabulated one of 1.00

at 383 and 1142 degrees of freedom.
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Table 6; Analysis of variance for ’productivel

calving interval

Source of Degrees of Sum of Mean
Variation Freedom Squares Squares
Between cows 383 7126531.13 18607.13

%Lg@&geﬁoﬂzlves) 1142 15688163.62 13737 .45

Variance Components

< 1225.62

6/\

13737.45

Repeatability (t)

122562 _
t 1225.62 + 13737.45 0.08 1 0.02

This repeatability estimate was significantly
different from zero (P"0.005). The calculated F-value
of 1.354 was greater than the tabulated one of 1.00
at 383 and 1142 degrees of freedom.
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Table 7: Analysis of variance for Productivity
Indexe

Source of Degrees of Sum of Mean

Variation Freedom Squares Squares

Between cows 383 3993.90 10.43

Within cows
(between calves) 1142 9704.83 8.50

Variance Components

6* = 0.49

- °-50
Repeatability (t)

0.49

t - 0.49 3 0.50 0.05 - 0.02

This repeatability estimate was significantly
different from zero (P/0.005). The calculated F-value
of 1.227 was greater than the tabulated one of 1.00

at 383 and 1142 degrees of freedom.

4.2.2. Analysis of covariance and estimation of
phenotypic, genetic and environmental
correlations

The phenotypic, genetic and environmental correla-
tions were estimated between weaning weight and *produc
tive* calving interval from the analysis of covariance

presented i1n Table 8.



Table 8: Analysis of covariance and the estimation of phenotypic,

genetic and environmental correlations

A Sum of Mean Sum of Mean Sum of Mean
32?Egii8: E?gggngf Squares Squares Squares Squares Products Products
(W) (W) (1) 1) (Wt x (Wt x
P P cl)
cV P
Between cows 383 360998.16 942.55 7126531.92 18607.13 486925.51 1271.35
Within cows 1142 684773.39 599.63 15688163.62 13737.45 978825.06 857.11

(between calves)

"Average® group size 3.97
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Covariance and variance Components

CovB a 104.34
Covw = 857.11
G-t = 86.38
d-Wwt 599.63
dB-Clp = 122662
62-wwt = 13737.45

The phenotypic correlation coefficient () °F
0.208 was estimated. This correlation was significantly

different from zero (P/0.005).

Genetic correlation coefficient (r )

104.34 0.32
(86.38) (1226.62)

Environmental correlation coefficient (r™)

104.34 - 857.11
J(86.38-599.63) (1226.62-13737.45)"

-0.30

These correlation coefficient estimates were both

significantly different from zdro (P/0.005).
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Regression of weaning weight on ’productive* calving
interval

The regression graph of weaning weight on “productiver
calving interval 1is shown In Figure 4.

The linear regression coefficient (bxy) of weaning

weight (y) on “productive® calving iInterval (X) was:-

1465750.57
22814694 .75
This regression coefficient was significantly greater
than zero (P/0.005). The regression eguation developed
was: -
Y = 145.55 + 0.06x
Where ¢ iIs the estimated weaning weight in kg. The
intercept (04) on the vertical axis was 145.55 kg.
The standard partial regression coefficient of the
index on weaning weight was:-

Standard Partial
Regression Coefficient = 0.068 1%%%:83 0.59

The standard partial regression coefficient of the
index on “productive® calving interval was:-

Standard Partial .
Regression Coefficient = 0.021 4119:3; -0.86

These coefficients show that “productive® calving
interval 1Is more important than weaning weight, as far
as the determination of the "Productivity Index* 1is

concerned
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Regression graph of weaning weight on
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CHAPTER 5

DISCUSSION

The mean weaning weight of 171.39 kg. obtained in
the present study had a standard error of - 0.67 kg.
Tonn(1974) reported a mean weaning weight of 159.4 kg.
with a standard error of - 1.15 kg. for Boran calves
which were kept iIn the same ranch. Based on the standard
errors, the mean weaning weight estimated iIn the present
study 1is significantly higher than that of Ton (1974).
However, it must be noted that Tonn"s data were uncorrected
while the data used In this study were corrected for the
effects of sex and age of calf. Thus the two means are
not quite comparable.

A mean “productive® calving interval of 430.67 days
was obtained in the present study. However, it should
be noted that the “productive® calving interval, as
calculated by the Kenya Beef Records, considers whether
the last calf was weaned or not. If i1t died before
weaning, then the next previous calf last weaned will
be considered. The system of computing the “productiver
calving interval thus, tends to make 1t generally
longer than the normal calving interval. This appears
to be the reason for?thher high mean obtained iIn the
present study.

The weaning weight repeatability of 0.13 obtained

in the present study i1s lower than the acceptable range

of 0.25 - 0.50, reported by Preston and Willis (1970) in
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their summary of some American estimates. In Uganda,
Trail et al. (1970) also reported a higher value of
0.47 for Boran cows whose calves were weighed at nine
months of age. The majority of workers (Preston and
Willis, 1970; Trail et al. 1971; Ton, 1974) have
corrected this trait for the effects of more factors.
In the present study corrections were made for the
effects of sex and age of calves only. This might be
the reason for the low repeatability estimated here.

The repeatability of “productive® calving interval
was estimated as 0.08 iIn the present study. This
estimate falls within the general range reported from
other studies (Legates, 1954; Mahadevan and Marples,
1961; Galukande et al.. 1962; Rutledge jet al. 1971).
Although this estimate was significantly different from
zero, it confirms the general conclusion from the majority
of studies - that calving iInterval is a trait of low
genetic variability, and cannot be expected to respond
greatly to selection.

The very low repeatability of 0.05 reported from
this study for the "Productivity Index®, shows that a
large proportion of the total variation in this character
iIs accounted for by environmental factors. It also
implies that the probability that a cow will repeat
the same productivity record iIn the next year 1Is very
low. Therefore, selecting cows by their first produc-

tivity records would be less accurate compared to the
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use of the mean of two or more measurements. Figure 5
(Falconer, 1960) shows that when the number of measure-
ments of any of the three variables 1is iIncreased on the
same cow, the amount of variance due to temporary environ
ment that appears iIn the phenotypic variance 1is reduced.
This reduction results from the use of the mean of two
or more measurements, iInstead of a single one. The
temporary environmental variance is reduced by a factor
°f } 1 where "n" i1s the number of measurements contri-
buting to the mean (Falconer, 1960). Thus, the larger
the temporary environmental variance, the greater the
reduction. This reduction in the phenotypic variance
represents the gain iIn the accuracy of measurement.

The three graphs in Figure 5 all illustrate that
by i1ncreasing the number of measurements from one to
three, the corresponding reductions in the phenotypic
variance are 58, 61.2 and 63.1% for the weaning weight,
"productive® calving interval and "Productivity Index"”
respectively. The three graphs together with the corres-
ponding calculations were all based on the results
obtained iIn this study. In all the three traits, the
amount of reduction iIn the phenotypic variance, as
represented by the fall in slope, was not substantial
after the third measurement of an individual cow. This
demonstrates that the corresponding gain iIn the accuracy
of measurement would also not be substantial. Therefore,
in practice i1t will not pay, iIn terms of gain In accuracy

to take more than three measurements of an individual cow
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The mean of the first three records of "Productivity
Index* of a cow should give an accurate picture of its
future productivity, and selection should be based on
this mean.

The possible genetic Improvement iIn the productivity
of cows per generation has been estimated as the theore-
tical response to selection based on the index (Falconer,
1960). According to the management practice on this
ranch, about 10% of the breeding cows are culled
annually for poor performance. The remaining 90% are
retained In the herd to produce the next generation.

This gives a selection intensity (1) of about 0.19.

The phenotypic standard deviation (Clp)estimated for the

index iIn this study was 3.0 kg. A maximum heritability

(h2) of 0.05 was assumed from the repeatability estimate.
The response (R) per generation of selection was

then estimated as:-
R = iC%hZ
= 0.19 x 3.0 x 0.05
= 0.029 kg. of weaning weight per month
of “productive® calving interval per
generation.
Thus, the mean productivity of the female progeny
of the selected cows, as predicted by this index, would

be only 0.029 kg. or 0.23% above the parental mean before

selection. This represents the expected genetic
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Improvement iIn the productivity of cows after one
generation of selection on the basis of the iIndex.

In practice, the true response is likely to be
different from the one predicted here. The prediction
was bar.ed on the maximum heritability of the irdex,
because the structure of the data did not allow the
estimation of the actual heritability. The phenotypic
standard deviation (CP) of the iIndex used iIn the
prediction was calculated from the preselected Ilot
of 384 cows, which had weaned at least four or more
calves, with weaning weight records available. More
phenotypic variation would be expected in the whole
population of breeding cows, giving a larger pheno-
typic standard deviation than the one used iIn the
present study.

As the ranch has to keep a constant population
of breeding cows or expand it, the intensity (1)
cannot be iIncreased by selecting only a few breeding
cows to produce the next generation. Other factors
such as the fertility of the breedinqg cows and the
available replacement heifers would also determine
the selection intensity. Generally 1 can only be
increased at the expense of t, the generation
interval which would appear In the denominator of
equation for response. However, despite the fact
that this estimated response 1Is rather exaggerated,
it i1s still too low to promise a rapid rate of genetic

improvement in this trait.
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The possible genetic Improvement in productivity,
when replacement heifers are selected on the basis of
their weaning weights, was predicted using the 1977
cattle records of the ranch. There were 538 breeding
cows during this year. About 18% of the cows would be
culled for low productivity and for other different
causes; and about 45% of the heifers weaned would be
selected for replacement, giving a selection iIntensity
of 0.88. The phenotypic standard deviation of weaning
weight calculated iIn this study was 26.19 kg. Based
on the majority of estimates iIn literature, heritability
of 0.25 was assumed reasonable for this trait (Preston
and Willis, 1970; Ton, 1974). The response per gene-
ration of selection was then predicted as 5.76 kg. of
weaning weight. This would give an annual genetic
progress of 0.96 kg. or 0.51%. The corresponding
figures for the index would be 0.005 kg. or 0.04%
respectively. The possible bias carried iIn the latter
prediction are the same as those already described for
the same prediction based on the i1ndex. However, it 1is
evident, from the two different predictions, that more
genetic progress would be achieved by selecting replace-
ment heifers on the basis of their weaning weights.

The structure of the data analysed allowed the
estimation of heritability of weaning weight, as a chara-
cter of the calf rather than of the dam. The method of
sib-analysis was used since all the calves were groups

of maternal half-sibs, having a quarter of theilr genes
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in common. The heritability was, therefore, taken as
four times the iIntraclass correlation coefficient ()

- Falconer (1960) and Turner and Young (1969). The
standard error (SE) of the estimated heritability @),
was calculated as the square root of the variance of the
interclass correlation coefficient according to the

formula (Turner and Young, 1969):-

»<fi> = #

where, V iIs the variance of the estimated heritability
and T, the whole population size (1526 calves) 1In
which the heritability was estimated. The standard

error was then taken as the square root of this variance

The estimated weaning weight heritability was
0.50 - 0.10. This 1is generally higher than other
estimates in literature. Ton (1974) reported estimates
of 0.28 and 0.30 for the same trait for Boran calves
kept In the same environment. The calves were paternal
half-sibs. The summaries of Preston and Willis (1970)
of some American estimates were iIn the range of 0.20 -
0.50. The estimate obtained iIn the present study could
be exaggerated, mainly for two reasons. Firstly, it
was estimated from the variance component of the maternal
half-sibs, and there was, therefore, the bias arising
from the strong maternal effect on the pre-weaning growth

of the calves
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In the majority of other estimates in literature,
this bias has been overcome by using paternal instead
of maternal half-sibs. Secondly?there was the bias
due to the common ranch in which these calves were reared
to weaning. For these two reasons, this heritability
estimate was not used In the prediction of the possible
genetic progress when replacement heifers are selected
by their weaning weights.

The standard partial regression coefficient estimates
of 0.59 and 0.86, of the index on weaning weight and
"productive* calving interval respectively, demonstrate
that the Tproductive® calving interval and not weaning
weight, 1s the more iImportant determinant of the index,
though negatively. The genetic correlation of 0.32
estimated between the two component traits is, 1In
practice, negative. According to the standard method of
constructing a proper selection index the heritabilities
and economic values of the component traits are considered,
and also the phenotypic and genetic correlations among
them (Smith, 1937; Hazel and Lush, 1942; Hazel, 1943).

In the case of the Kenya Beef Records “Productivity
Index® these factors are not considered. The aim of
using this iIndex iIs to give an average weaning weight
at regular Tproductive® calving intervals, thereby
improving both the annual offtake per cow (as measured
by the weaning weight of its calf) and the percentage
calf crop. But as calving interval is negatively

correlated with weaning weight, and has such a low
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heritability, its iInclusion as a component trait of
this index is likely to be a hindrance rather than
anything else.

On the other hand, calving interval, as a measure
of the fertility of a beef cow, is of great economic
importance iIn beef production and should be improved.
Under range conditions, as iIn some areas of Kenya,
fertility may reflect adaptability, and might be
demonstrated to have a higher heritability than that
reported elsewhere (Rae and Barton, 1970; Brinks,

1970). Thus under such conditions, i1t might be possible
to select for improved fertility (Wilkins, 1974). There
may also be a positive genetic correlation between
weaning weight and fertility, as weaning weight is also
a measure of adaptability.

A significant regression coefficient of 0.06 kg.
of weaning weight on “productive® calving interval was
obtained iIn the present study. Ton (1974) also reported
a significant regression coefficient 0.018 kg. of
weaning weight on the length of preceding calving
interval. It appears that cows with longer preceding
calving intervals wean heavier calves than those V/ith
shorter intervals, because they have had ample time to
recover from the previous lactational stress. Conse-
quently they are able to produce more milk which 1is
essential for the pre-weaning growth of calves. Mahadevan
and Marples (1961) and Galukande et al«(1962) have

reported a significant effect of the length of previous
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calving interval on the next lactation yield in dairy
cattle In East Africa.

Whereas a long preceding calving interval would
be expected to increase the weaning weight of the next
calf, i1t should be considered whether this increase
would be substantial enough, to compensate for the
reduced calf crop arising from the prolonged preceding
calving interval. This appears to be unlikely, both
biologically and economically. There should thus, be
a compromise between the length of the preceding calving
interval of a cow and the weaning weight of the calf
under consideration.

The “Productivity Index®™ 1is used by the Kenya Beef
Records on a within month basis. This could improve
its efficiency in Of&T as the season component of varia-
tion In weaning weight, and hence iIn the iIndex, 1is
corrected for. This 1is important because the cows can
then be rated on a within year basis, to conform with
the management practice iIn this ranch, where stock
evaluation is done annually. Unpublished work (Kenya
Beef Records, 1977) based on 1970 - 1976 data, showed
that there was a significant effect of season on weaning
weight in all the seven years, and hence the need to
correct for this factor.

Weaning weight, as a component trait of this index,
was corrected for the iInfluence of sex and age of calf

only. Evidence from other studies (Creek and Nestle,
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1964; Trail et _al. 1971; Ton, 1974) indicate that more
factors would affect this trait significantly under
similar environments. Some of these factors would be
year of weaning, dam weight at weaning, parity, herd

and length of preceding calving interval. It might,
therefore, be necessary to assess the relative influences
of these factors and establish suitable correction
constants for them.

The standard birth weights of 28 and 26 kg. used
for male and female calves respectively, for weaning
weight adjustment, were simply means calculated from
large samples of the original birth weights (Wilkins,
1974). Ton (1974) reported birth weight means of 29 and
27.4 kg. respectively, for male and female Boran calves
kept iIn the same ranch. It was also shown by Tonn
(1974) that factors‘fuch as season and year of calving,
age of dam and length of preceding calving interval,
all caused a significant variation in birth weight
on the same ranch, and should be corrected for. However,
the use of original birth weights In the weaning weight
correction may not improve the accuracy of this index,
as a predictor of the future productivity of cows,
to the extent that the ranch could be advised to weigh
calves at birth. Both the difficulty iIn recording
accurate birth weight within the right period after
parturition and the economic gain accruing from such
an i1nvolvement, might also not justify taking such a

record
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According to the Kenya Beef Records, the same
constant of 1.1 is used permanently iIn all seasons
to adjust weaning weight for the effect of sex. The
adjustment 1is based on the age corrected weaning weight
of a male Boran calf. Creek and Nestle (1964) in the
West Indies, pointed out that the relative performance
of male and female calves could fluctuate with season,
year and environment in which they are kept. In a good
season, a male calf is more able to express its genetic
superiority for growth than a female calf, while iIn a
bad season, this may not necessarily be true. The Kenya
Beef Records” factor of 1.1 falls within the rather
narrow range of 1.03 - 1.15 (Poschinger - Personal
Communication, 1977). It might be possible that, because
of the narrow range in which the factor of 1.1 lies,
the error introduced by using the same factor in all
seasons may not be substantial enough to justify the
use of different factors iIn different seasons. However,
it Is necessary to investigate and establish the need
to use different constants in different seasons.

A standard weaning age of 250 days was adopted by
the Kenya Beef Records because the majority of ranches
weaned calves between 240 to 270 days of age (Meyn
and Creek, 1968). The age of 250 days was, therefore,
found to be a suitable compromise. The ranch in which
the present study was conducted weaned Boran calves
at 270 days of age and Friesian X Boran calves at 210
days. In Botswana, under similar environmental conditions
calves are weaned at 210 days (APRU — Botswana, 1975).

It might be necessary to practice early weaning insofar
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as i1t would give the dam ample time to recover from the

previous lactational stress before the next breeding
period starts. It has been shown iIn Botswana (APRU -

Botswana, 1975) that an increase up to 12% iIn conception

rate could be attributed to the previous porous state of
cows at the time of breeding.

Early weaning has also the advantage that weaning
weight records can be taken at an earlier age and this
gives a more accurate measure of the productivity of a
cow. Growth becomes more divergentiat a later age, when

the calf becomes more capable to express its true

genetic potential for growth iIndependently.
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GENERAL CONCLUSIONS AND RECOMMENDATIONS

FOR FUTURE WORK

General Conclusions

1.

It can be concluded from the present study that

the Kenya Beef Records® “Productivity Index®, as
far as i1t was assessed, 1Is not efficient as a
predictor of the future productivity of Boran

beef cows. Its low repeatability (0.05) shows that
it 1s mainly influenced by environmental factors.
Consequently only a very slow rate of genetic
improvement in productivity may be expected when

cows are selected on the basis of this index.

IT cows are to be selected by this index then the
mean of the first three "Productivity Index”
records should be used. This 1is because the gain
In accuracy is at maximum when the number measure-
ments of an individual cow Is increased from two

to three.

The weaning weight repeatability of 0.13 obtained
in this study is lower than/jnean value of 0.3, /the
generally reported from the majority of studies.
This could be due to the fact that this trait was
corrected for only a few of the important factors
which affect i1t significantly iIn this particular

environment. Selecting cows straight by the weaning
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weights of their calves would, however, give a

faster rate of genetic i1Improvement iIn productivity

than using the index.

4. The very low repeatability (0.08) of the "Produc-
tive®™ calving interval obtained In the present
study, might have been a contributory factor to
the low repeatability of the Index. It was also
demonstrated that the “productive® calving interval,
and not the weaning weight, was the more iImportant
determinant of the index. However, 1its inclusion
as a component trait of the iIndex may not be

justified, unless 1t i1s weighted by its heritability.

Recommendations for future work

In making recommendations for some possible future
studies, the results obtained In the present study and
their implications have been taken into account. It has
also been considered that a more elaborate analysis of
beef data i1s now possible, using the new computer program
provided by ILCA. This program can do Least Squares
analysis, withalf to seven different factors taken iInto

account. The following studies are proposed:-

D An investigation of the factors affecting
the “Productivity Index* and i1ts component

traits;
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and 3)
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The effect of birth weight, dam weight and
dam weight change during the pre-weaning

period, on subsequent cow productivity;

Comparison of the efficiency of the "Produc-
tivity Index®, iIn 1ts present form, with its
efficiency when the component traits (pheno-
types assessed on corrected data) are weighted
by their economic values, heritabilities and

genetic values included.



65

LIST OF REFERENCES

ANNUAL REPORT, 1970 - 73. Annual reports of the
Ministry of Agriculture, National Animal

Husbandry Research Station, Naivasha, Kenya.

BAKER, A. L. and QUESENBERRY, J. R., 1944. Fertility
of range beef cattle.

J. Anim. Sci. 3 79 - 87.

BELIC, M. and PANIC, M., 1974. The effect of sire on
birth weight and effect of birth weight on
weaning weight of calves.

Anim. Breeding Abstr. 43: 2750.

BELLOWS, R. A., VERNER, L. V. and CHRISTENSEN, D. S.,
1973. Winter management of replacement heifers.

J. Anim. Sci. 12.: 1203.

BERRUECOS, J. M. and ROBISON, O. E., 1968. Preweaning
growth iIn Brahmans.
J. Anim. Sci. _2Z7: 1124.
BOSTON, A. C., WHITEMAN, J. V., and FRAHM, R. R., 1975.
Phenotypic relationships within Angus and
Hereford females. Heifer growth and subsequent
cow productivity.

J. Anim. Sci. 41: 16 - 22.



66

BOTKIN, M. P., and WHATLEY, J. A., Jr., 1953. Repeata-
bility of production iIn range beef cows.

J. Anim. Sci. 12: 552 - 560.

BRINKS, J. S., CLARK, R. T., RICE, F. J. and KEIFFER, N. M.,
1961. Adjusting birth weight and preweaning gain
for sex of calf iIn range Hereford cattle.

J. Anim. Sci. 2B: 363 - 367.

BRINKS, J. S., CLARK, R. T., KEIFFER, N. M. and
QUESENBERRY, J. R., 1962. Mature weight 1in
Hereford range cows - heritability and relation-
ship to calf performance.

J. Anim. Sci. 21: 501 - 504.

BRINKS, J. S., 1970. Effects of selection on reproduction
and preweaning growth rate.
Proc. The range beef cow. A symposium on
produc tion.

Dec. 15 - 17, 1969, Chadron, Nebraska: 105 - 111.

BURGESS J. B., LANDBLOM, N. L. and STONAKER, H. H.,
1954. Weaning weights of Hereford calves as
affected by inbreeding, sex and age.

J. Anim. Sci. _13: 843.

BURGESS T. D. and BOWMAN, G. H., 1965. Environmental
factors affecting pre- and post-weaning traits
of Hereford bull calves.

Canad. J. Anim. Sci. 45: 189 - 195.



67

CARTER, R. C. and KINCAID, C. M., 1959b. Estimates of
genetic and phenotypic parameters in beef cattle
3. Genetic and phenotypic correlations among
economic characters.

J. Anim. Sci. 18: 331.

CREEK, M. J. and NESTLE, B. D., 1964. Animal production
studies in Jamaica I1ll. The effect of dam age
upon the 210-day weights of calves and the
response of male and female calves to different
environments.

J. Agric. Sci. 62: 165 - 177.

CREEK, M. J. and MEYN, K. 1968. Beef Recording Programme.
Mimeo. Reprint from the Beef Research Station,

Ministry of Agriculture, Lanet, Kenya.

CUNNINGHAM, E. P. and HENDERSON, C. R., 1965. Estimation
of genetic and phenotypic parameters of weaning

traits in beef cattle.

J. Anim. 24: 182 - 187.

CUNNINGHAM, E. P. and HENDERSON, C. R., 1965. Repeata-
bility of weaning traits in beef cattle.

J. Anim. Sci. 24 : 188 - 191.

CUNDIFF, L. V., WILLIAM, R. and PRATT, C. A., 1966b.
Effect of certain factors and their two-way

interactions on weaning weight iIn beef cattle.

J. Anim. Sci. 25: 972 - 982.



68

DINKEL, C. A. and BUSH, D.A., 1973. Genetic parameters
among production, carcass composition and carcass
quality traits of beef cattle.

J. Anim. Sci. 36: 832 - 846.

DICKERSON, G. E., 1974. Selection criteria for efficient
beef production.

J. Anim. Sci. 30: 659 - 673.

DICKEY, J. R. and CARTWRIGHT, T. C., 1966. Reproduction
in tropically adapted beef cattle.

J. Anim. Sci. 25: 251 (Abstr.).

FALCONER, D. S., 1960. Introduction to quantitative

genetics. Oliver and Boyd, Edinburgh.

FINNEY, D. J., 1962. Genetic gains under three methods
of selection.

Genet. Res. 3. 417 - 428.

FITZHUGH, H. A., CARTWRIGHT, T. C., Jr. and TEMPLE, R. S.,
1966. Factors including dam weight affecting
preweaning gain of beef calves.

Proc. 9th Int. Cong. Anim. Prod., Edinburgh,

1966.

FREY, J., FRAHM, R. R., WHITEMAN, J. V., TANNER, J. E.
and STEPHENS, D. F., 1972. Evaluation of cow
type classification score and relationship to cow
production.

J. Anim. Sci. 34: 1-8.



69

GALUKANDE, E. B., MAHADEVAN, P. and BLACK, J. G., 1962.
Milk production iIn East African zebu cattle.

J. Anim. Prod. 4: 329 - 336.

GODLEY, W. C., WISE, J. F. and GODBEY, E. G. , 1966.
Effects of age and weight of dam , and sex
of calf on birth and weaning weight of beef
calves.
South Carolind. Agricultural Experiment Station,

Clemenson University Technical Bulletin 1023:

1-12.

GOTTLIEB, H. A., WHEAT, J. D., SMITH, W. H. and
WEARDEANS, S., 1962. Factors affecting weaning
weight In an inbred shorthorn herd.

J. Anim. Sci. 21: 972.

GREGORY, K. E., BLUNN, C. T. and BAKER, M. L., 1950.
A study of some of the factors influencing the
birth and weaning weights of beef calves.

J. Anim. Sci. 9 338.

HAZEL, L. N. and LUSH, J. L., 1942. The efficiency

of three methods of selection.

J. Heredity 33: 393 - 399.

HAZEL, L. N, 1943. The genetic basis for constructing
selection index.

Genetics. 28: 476 - 490.



70

JEFFERY , H. B., BERG, R. T. and HARDIN, R. T., 1971.

JOHNSON

KENNEDY

Factors affecting preweaning performance in
beef cattle.

Can. J. Anim. Sci. _5: 561 - 577.

, L. E. and DINKEL, C. A., 1951. Correction
factors for adjusting weaning weights of range
calves to the constant age of 196 days,

J. Anim. Sci. _10: 371.

, B. W. and HENDERSON, C. R., 1975. Components
of variance of growth traits of Hereford and
Aberdeen Angus calves.

Can. J. Anim. Sci. 55 493 - 502.

.M., 1951. Size of calves at weaning as a
permanent characteristic of range Hereford cows.

J. Anim. Sci. Ijp: 768.

. M. and CLARK, R. T., 1955a. [Influence of sex,
season of birth, and age of dam on economic
traits iIn range beef cattle.

J. Anim. Sci. _14: 386.

. M. , GREGORY ,K*B» and CUNDIFF, L. V., 1974.
Selection iIn beef cattle. I. Selection
applied and generation interval.

J. Anim. Sci.39: 449 - 458.



71

KOGER, 1., and KNOX, J. H., 1947. The repeatability
of the yearly production in range beef cows.

J. Anim. Sci. 6: 461 - 466.

KOGER, 1., REYNOLDS, W. L., KIRK, W. G., PEACOCK, F. M.
and WARWICK, A. C., 1962b. Reproductive per-
formance of crossbred and straightbred cattle
on different pasture programmes in Florida.

J. Anim. Sci. 21: 14.

LASTER, D. B., GLIMP, H.A., CUNDIFF, L. V. and GREGORY, K.E.
1973. Factors affecting dystocia and the effects
of dystocia on subsequent reproduction iIn beef
cattle.

J. Anim. Sci. ,36: 695 - 705.

LEGATES , J- E., 1954_. Genetic variation in services
per conception and calving interval iIn dairy
cattle.

J. Anim. Sci. J3: 81.

LEHMANN » R- P., GAINES, J.A., CARTER, R. C., BOVARD, K.P.
and KINCAID, C. M., 1961. Selection indices
for weaning traits iIn beef calves.

J. Anim. Sci. ,X0: 53 - 57.

LIMA, F- P., 1974. Some factors affecting body weight
at weaning in zebu calves.

Anim. Breed. Abstr. 43: 3249.



72

MAGEE, W. T., BRINKS, J. S., NELSON, R. H. and
BRANAMAN, G. A., 1961. Some factors affecting

weaning weight and score of beef calves.

Anim. Breed. Abstr. 2O : 270.

MAGEE, W. T., 1965a. Estimating response to selection.
J. Anim. Sci. 24: 242 - 247.

MAHADEVAN, P. and MARPLES, H. J. S., 1961. An analysis
of the Entebbe herd of Nganda cattle iIn Uganda.
J. Anim. Prod. 3 29 - 39.

MARLOWE, T. J. and GAINES, J. A., 1958. The 1influence
of age, sex, season of birth of calf and age
of dam on preweaning growth rate and type score
of beef calves.

J. Anim. Sci. _17: 706.

MARLOWE, T. J. and VOGT, D. W., 1965. Heritability,
phenotypic and genetic correlations involving
preweaning grade of beef calves.

J. Anim. Sci. 24 502 - 506.

MARTOJO, H., 1974. Genetic and environmental factors
affecting weaning weight and weaning type score
in beef cattle.

Anim. Breed. Abstr. 43: 1033.



73

MASON, 1 =« L. and MAULE, J. P., 1960. (Agric. Res. Coun.
Unit. Anim. Genet., Edinburgh.) The indegenous
Livestock of Eastern and Southern Africa . Tech.
Comm. Bur. Anim. Breed.

Genet. (Edinb.), No. 14, Farnham Royal.

MEYN, K., 1970. Beef Production iIn East Africa. Ifo-

Institut fur Wirtschaftsforschung. 227 pp.

MINYARD, J. A. and DINKEL, C. A., 1965a. Weaning weight
of beef calves as affected by age and sex of
calf, and age of dam.

J. Anim. Sci. 24: 1067.

MINYARD, J.A. and DINKEL, C. A., 1965b. Heritability
and repeatability of weaning weight iIn beef
cattle.

J. Anim. Sci. 24: 1072.

MINISTRY OF AGRICULTURE, ANIMAL PRODUCTION RESEARCH
UNIT, BOTSWANA, 1975. A five-year of integrated
beef cattle and range research in Botswana,

1970 - 1975.

Part 1. Technical results.

MOLINUEVO, H. A., 1966. The weaning weight of calves

and the metabolic body size of dams as a criterion



74

for selection. 9th Int. Cong. Anim. Prod.,
Edinb., 1966, Scient. Progm. Abstr.,
Eng. Ed.: 19 - 20.

NELMS, G. E. And BOGART, R., 1956. The effect of birth
weight, age of dam and time of birth of
suckling gains of beef calves.

J. Anim. Sci. 15: 662 - 666.

PRATT, D. J. , GREENWAY,P. 1LAadG W V N E 1966. A
classification of East African rangeland.

J. Applied Ecology Vol. 3 Nov. 1966.

PRESTON, T. R. and WILLIS, M. B., 1970. Intensive Beef

Production. Pergamon Press.

RAE, A. L. and BARTON, R. A., 1970. Selection objectives
and methods of measuring merits iIn beef cattle .
J. New Zealand Beef Production, Processing and

Marketing pp. 101 - 111.

ROLLINS, W. C. and WAGNON, K. A., 1956. Heritability of
weaning grade iIn range beef cattle.

J. Anim. Sci. J5: 529 - 536.

RUTLEDGE, J. J., ROBISON, 0. W., AHESCHWEDE, W. T. and
LEGATES, J. E., 1971. Milk yield and its
influence on 205-day weight of beef calves.

J. Anim. Sci. 33: 563.



75

SCHALLES, R. R. and MARLOWE, T. J., 1967. Genetic and
environmental changes iIn a herd of Angus cows.

J. Anim. jJ7%6: 21 - 26.

SEIFERT, G. W., RUDDER, T. H. and LAPWORTH, J. W.,
1974. Factors affecting weaning weights of
beef cattle iIn tropical environment.
Austr. J. Expt. Agric. and Anim. Husb. 14:
277 - 280.

SHELBY, C. E., CLARK, R. T. and WOODWARD, R. R., 1955.
The heritability of some economic characteristics
of beef cattle.

J. Anim. Sci. 14: 372.

SHELBY, C. E., CLARK, R. T., QUESENBERRY, J. R. and
WOODWARD, R. R., 1960. Heritability of some
economic characteristics 1In record performance
bulls.

J. Anim. Sci. J9: 450 - 457.

SMITH, H. F., 1937. A discriminant function for plant
selection.

Ann. Eugen. 7: 240 - 250.

SNEDECOR, G. W. and COCHRAN, W. G., 1973. Statistical

methods. America: The lowa State University Press.



76

SWIGER, L. A., KOCH, R. M., GREGORY, K. E. and
ARTHUNDS, V. H., 1967?. Selecting beef cattle
for economical gain.

J. Anim. _21:- 588.

SWIGER, L. A._, GREGORY, K. E., SUMPTION, L. J.,
BREODEMSTEOM, Bi ClI and ARTHUNDS, V. H., 1965.
Selection indices for efficiency of beef
production.

J. Anim. Sci. _24: 418.

TOhIN, R. , 1974. The suitability of Boran and iIts crosses
with European breeds for beef production under
range conditions in Kenya.

Abstracts from a PhD. desertation published

in Gottingen University, West Gernany.

tonN,r ., 1975. Selection criteria iIn extensive breeding
of beef cattle with examples from Kenya.

Anim. Breed. Abstr. 4 : 1126.

TRAIL, J. C. M., SACKER, G. D. and FISHER, 1IL L., 1971.
Grossbreeding beef cattle iIn Western Uganda.
3 Genetic analysis of body weight.
J. Anim. Prod. _13: 153 - 163.

TURNER, H. N. and YOUNG, S. S. Y., 1969. Quantitative

genetics 1In sheep breeding. Australia, Macmillan.



77

VESELY, J. A. and ROBISON, O. W., 1971. Conventional
selection indices for birth and weaning traits
in beef calves.

J. Anim. Sci. 33: 537 - 540.

VESELY, "J. A. and ROBISON, O. W., 1972. Empirical *

selection i1ndices for beef cattle.

J. Anim. Sci. 34: 549 - 554.

WILKINS , J. W., 1974. The Kenya Beef Recording Scheme.
Mimeo. Rports from the Livestock Recording
Centre, Ministry of Agriculture, Naivasha,

Kenya.

WILSON,, L. L., DINKEL, C. A., RAY, D. E. and MINYARD, J.A_,
1963b. Beef cattle selection indices involving
conformation and weight.

J. Anim. Sci. 22: 1086 - 1090.

WILSON, A .y. and WILLIS,M-B., 1974. Comparative repro-
ductive performance of Brahman and Santa Getrudis
cattle iIn hot humid environment.

J. Anim. Prod. 18: 35 - 42.

WILSON, A., WILLIS, M. B. and DAVIDSON, C., 1976. Factors
affecting calving difficulty and gestation length

in cows mated to Chianina bulls and factors

UNIVERSITY OF NAIROB1
LIBRARY



78

affecting birth weight of their calves.
J. Anim. Prod. 22: 27 - 34.

YOUNG, S. S. Y., 1961. A further examination of the
relative efficiency of three methods of selection
for genetic gains under less restricted conditions.

Genet. Res. 2: 106 - 121.



