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ABSTRACT

The Study herein reported involves the evaluation of the
dairy potential of Bunaji, Bokoloji (Sokoto Qudali) breeds on
dairy productive traits in which a total of 3105 records of
761 cows over a period of 24 years were used. The records
on birth weight were 3647 for the two breeds. The investigation
al so included the study on the environmental factors influencing
dairy traits and the genetic estinmates of the dairy traits.

Resul ts showed that for both breeds, the Chi-squares
conpari son showed significant differences for both first and
all calvings between year and (P<.0.05).

The recorded age at first calving were 45.7 nonths and
46. 7 months for Bunaji and Sokoto Qudali breeds. The Cal ving
interval recorded for bunaji and Sokoto Qudali breeds were
13.46 nmonths and 13. 45 nont hs.

For the 305-day mlk yield results showed that whereas
the effects of breed was not significant (P>0.05), the
effects of year or nonth of calving as well as parity were
all significant (P<0.001). The average mlk yield for all
| actations were 1039 kg and 1055 kg for Bunaji and Sokoto
Qudal i br eeds.

Regarding lactation length, results showed non-significance
(P>0.05) for effects of breed, but the effects of year and
parity were very highly significant (P<0.001). and the effects
of month of calving was also highly significant (P<0.003).

The lactation length recorded was 239.2 days and 236.2 days

for Bunaji ana sokoto Qudali breeds respectively.
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The heritability estimates for age at first calving,
calving interval, lactation length, mlk yield per day dry
period, all lactation mlk yield and birth weight varied
from12 to 0.40 and 0.12 to 0.31 respectivly for Bunaji and
Sokoto Cudal i breeds.

The estimates of genetic progress revealed that the
genetic inprovenment of 0.9% and 0.5% per year were obtained
respectively for Bunaji and Sokoto Qudali breeds.

Selection for inprovenent in mlk yield indirectly
through selection for lactation |ength showed the |east |oss
I n accuracy when selection is nmade for the top 5% as

conpared with the top 25% of the cow popul ati on.
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CBAPTER ONE 1

INTRODUCTION

The production of milk and milk products in the tropics
are grossly inadequate and this has resulted in huge financial
investment in importation from temperate countries to sustain
the demand for these products. For Nigeria, an overall and
sustained improvement of the productivity per animal unit as
well as the animal industry in terms of beef and milk has
been suggested as a pre-requisite to enhance an attempt to
meet both present and future demand for livestock products
(F.A.O0. 1966). This should involve improvement in the
techniques of production, provision of conducive animal
environment and the complementary economics of production.

The tropical environment and the genotypes found therein
have been faulted for the prevailing apparent poor animal
performance. However, where detailed studies have been done
on dairy production traits using tropical genotypes,
heritability estimates for milk yield have been recorded that
parallel or even exceed values reported for temperate genotypes
within temperate zone (Galukande, Mahadevan and Black 1962;
Rebertson, 1950). This situation has been ascribed to either
a lack of selection being applied or inconsistent selection
pressure being used among the tropical genotypes (Roache,
Wellincton and Mahadevan. 1970). However. ~U . amount of
milk given by the tropical genotypes is appacrontly low
relative to the temperate genotypes and even then the lactation

length is also short comparatively.



It would thus appear that the genotypes of tropical
environment are éiow in achieving improved milk production,
given their native environment. 2As a result, crossbreeding
with temperate genotypes has been advocated so as to obtain
a higher level of milk producticn (Foster, 1960). EHowever,
.an appropriate evaluation of the milk production potential
of tropical genotypes should be made, so that optimal
improvement in dairy production can be realised from a
crossbreeding exercise with exotic genctypes.

- The objectives of this study are:
1. Evaluation of the dairy potential of Bunaji
and Sokoto Gudali breeds in terms of dairy
prqductive traits, |
2., Investigation of the environmental factors
influencing the dairy traits.
3. Investigation of the genetlc control of the
dairy traits by estimation of heritahiiities
and genetic correlations among the dairy traits.
The merit of an initial evaluation of the inherent dairy
potential of tr0picaljgénotypes would result in choesing and
applying positive co-ordinated, breeding and animal managenent
measures that would accrue in a continuous progress in
achieving the desired goal, of increased .1ilk production in

vre industry.

- L e e T

For any désired impéovement in aairy production to be
meaningful, a national breeding policy should be evolved
based on the knowledge of inltial evaluation of potential
of dairy genotypes. The adopted breeding technig: measures

as well as the suggested improved animzal zaanzgem:ni. process



must also be adhered to and co-ordinated nationally and
should not be changed erratically or abandoned as this

would destroy the dairy industry ultimately.



CHAPTER TWO B
LITERATURE REVIEW

2.1. Dairy Production in the tropics

Dairying in the tropics which involves the use of
indigenous breeds of cattle is characterised by low milk
yield. Even where temperate genotypes have been introduced,
the milk productivity has only improved slightly. Constraints
to remarkable increase in milk production in the tropics
have been attributed to poor genetic base of the indigenous
stock, inadequate nutrition, prevailing diseases and the hot
humid climate per se. However tropical indigenous cattle
have been noted to increase to some extent in body size and
performance, i.e. rate of body growth and relatively in milk
production when good feeding was employed in addition to
minimising the disease challenge in the animal environment.
Consequently, significant improvement in dairy productivity
in the tropics could be achieved provided the genotype is
improved along with improvements in nutrition and supported
by disease control measures. On the other hand, a sustained
intensive selection within the indigenous stock of cattle
that is given a reqular good feeding in an environment where
the disease situaticn is considerably reduced could also
result in substantial increase in &z’rv performance productivity..

In appraising dairy prodn-- hn R aaics; 3t is
s>y vital to examine closely . v oound in
tropical environment by investigating :a2.r sdaptability to
the environment especially, the prevailinc disease condition
and their potential for eccnomiz milk -roduc ion as well as

the constraints to overall prof:-a* « 1ilk ; ocducitivity.



2.2. Indigencus breeds of cattle in the tropics

The indigencus breeds of cattle in the tropics, especially
in the African continent which includes, the west, east, south
and North Africa can broadly be classified as humped or zebu
cattle and humpless cattle.” Each group can further be divided
into the long-horned and shor&ﬂhorned breeds respeqtively
(Shaw and Colville, 1950). A cross between dwarf shorthorn
and zebu has been classified as Sapga breed and it is inte
this breed that Mason and Maule (1960) classified the Africander
and Nguni cattle found in South Africa. A schematic diagram
of the classification of indigenous breeds of cattle found in
the tropics of Afxica 1s given in Fig., 1. In body size, these
breeds of cattle ranged from the small framed Ndama, Muturu,
the small zebu of somaliland and the small East African zebu
and alsc the Nguni of South Africa to the relatively large
framed Bunaji, Cudali, Wadara, the Boran and Ankole of East

Africa and the Africander of South Africa.
2.2.1, Adaptability to climate and diseases

The breeds of cattle iﬁdigenous tb the tropics are
heat-tolerant, but the climatic stress which is caused by
air temperature, solar radiation and humidity could partly
ke responsible for the low productivity of these animals.

ona ol “=mperature aboyve which cattle begin to have wi- .

.?ﬁ"r Y oon o ormal body tbemperaturs.ds known as ol
tomperatures. The normal body temperature of a cow.is
reworted to be between 37.8° and 38,9°C, while the gonfort

toa? for wesplratory rate is between 20 and 50 per-minute . .|

A PRI TP BT
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(Ittner et al., 1954). The critical temperature for temperate
cattle ranges from 23.9° to 26.7°C, while that for Brahman
cattle is between 32.2°C and35°C (Regan and Richardson, 1928;
Ragsdale et al., 1948; and Kikler and Erody, 1950). Humidity
has been reported not to have a harmful effect on dairy cattle
by Seath and Miller (1945), and work done at Puerto Rico
Ly Arrilaga et al. (1952) also supported this view, although
the authors pointed out that humidity affected beef breeds;
however, Kibler and Erody (1953) indicated that changes in
humidity at temperature below 23.9°C have little effect on the
dairy cattle, and that at higher temperatures changes in
humidity raised body temperature and respiration rates. Thus
the climatic stress to which indigenous breeds of tropical
cattle are tolerant may be responsible for the comparative
reduction of food consumption and the inevitable resultant
decrease in beef and milk production. The adaptation of the
indigenous breeds of cattle in the tropics is clearly due to
their having a higher heat-tolerance than the temperate cattle
breeds, and body temperature is one way of checking heat
tolerance (Rhoad, 1944). Work done in the tropical environment
of South Africa (Bonsm2 ard Pretorius, 1943) have shown
that shorthorned cattle '.avz a lower body temperature and

e B ke d - o . - o b e D CAdatt e - el R e P

coloured cattle reflect meure = rtar heat than those with dark

hair.



INDIGENOUS HREEDS OF CATTLE
IN TROPICS OF AFRICA

h | *

HUMPED OR ZEBU CAITIE. E&—mnﬁnh

1. Boran

2. North Sudan Zebu _
3. Madagascar Zebu )

4. @mall Zebu of Somaliland TONGHORED ERFEDS § JRCHORNED HREEDS
5

« Small ;ast African Zebu 1. Kuri or Chad 1 Muturu or Dwarf
Shorthorned.
z dama
3 _.- ”.nhmr.ﬂ.
I - :
IONGHORMED EREEDS SHORTHORNED EREEDS INTERMEDIATE '
1. Rahaji (Red Fulani) 1. Gudali (Huped x Rupless)
2, Bunaji (White Fulani) 2. Wadara 1. Ngenda spp.
2., Arado
3. Dwarf Shorthorn x Zebu-SANGA

a. Ankole

b. Tswana

C. BAfricander
d. &angolan

e. Nguni

Source: Cates (1952)
Mason and Maule (1960)

Fig. 1: Indigenous breeds of cattle in tropics of Africa.
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As such heat dissipation could be difficult unless animals
in the tropics, especially the humid parts, possess a large
skin area per unit weight. These features are found in the
small Nguni breed of South Africa (Ittmer et al., 1958).
Undoubtedly these characteristics are possessed by most breeds
of indigenous tropical cattle to some extent by virtue of
their adaptation to the tropical environment, although this
adaptation may be at the expense of their milk and beef
productivity. The adverse effects of a hot environment on
livestock are more pronounced than those of a cold environment.
Various studies have shown the depressive effects of heat on
livestock, with the dalry cattle at Missouri, U.S.A. (Ragsdale
et al., 1948) and at California, (Regan and Richardson, 1938)
and with beef cattle at EL Centro which is in the desert
valley region of California (Ittner and Kelly, 1951). FHowever,
McIntyre (1967) reported that under the Australian conditions,
milk yield was neither affected by temperature nor by humidity.
On" the other hand, Brown et al (1960) had earlier noted that
monthly milk yield differences was inversely related to
temperature. Negative cerrelations between daily milk yield
and average daily temperature above 15.6°C have also been
recorded by Sims and Porter (1966) and similarly by Calvano
(1967). The results of Conxad et al (1964) showed that
growth and especially milk yield tended to be reduced under
heat stress. This finding is supported by the reports of
Dodd (1957) and Kleiber (1961) which associated reduced

productivity to depression in feed intake as a result of



increased heat load on the animals. It is apparent
therefore that temperature and humidity have depressing
effects on animal productivity, especially milk yield.
Indigenous breeds of cattle are also tolerant to
diseases, internal and external parasites and vectors.
The prevailincg high temperatures and high relative humidity
favour the development of both internal and external
parasites as well as vectors. Whereas interral parasites
are mainly a problem of wet tropical regions, they
constitute less problems in the dry tropical zones. Eowever,
external parasites are an important factor in the health
of farm animals in both wet and dry tropicai regions (Min.
Agric. Holland, 1972). Flies and ticks in particular cause
irritaticn tc the animals while also some of these flies
and ticks transmit infectious diseases. Where sufficient
rainfall supports dense undergrowth and forests, the
presence of disease-bearing organism is perpetuated by the
presence especially of tse-tse fly (Glossina EEE’ which can
render cattle production less economic. The tropical breeds
of cattle however, are moderately tclerant tc this prevailing
disease and parasitic environment. Even then some of the
humpless breeds of cattle such as Ndama, Muturu and Keteku
are more tolerant to trypanosomiasis and piroplasmosis,
exhibiting thriftiness in the dry season as well as ability
to endure high parasitic build up during the wet season as
compared with other humped breeds of tropical cattle
(Touchkerry, 1967). Foster (1960) reported that the incidence

of disease in the Shika herd had considerable effect on
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decreasing the herd number and thus upsetting the genetic
virtues. Calf mortality was reported to cause losses of
many calves, while rinderpest outbreak resulted in logses
in calves in poor condition. Contagious abortion in the
Shika herd, helminthiases and trypanosomiasis caused
appreciable reduction in animal numbers (Nigeria, Agric.
Dept. 1948a, 1953, Covernment Printer, Lagos, Cited by Foster,
1960). The ceneral condition of the cattle in the tropics
are depressed by these diseases and parasites, but their
adaptation to the prevailing conditions although accompanied
by relatively low productivity in terms of meat and milk

emphasises the adaptive nature of the breeds.
2.2.2. Dairy potentlal and limitations

Although the milk production capacity of the breeds
of indigencus cattle in the tropics is generally low
.relative to the temperate cattle, a considerable milk vield
potential is possible if specific constraints can be removed.
Mahadevan (19€6) reported that the milk yield of indigenous
troplcal cattle varies with the prevailing climatic and
environmental conditions. 2as such, the climate and associated
.factors in most parts of Zfrica, especially nutrition, disease
challenge and parasite environment favour the use of germ
plasm with varying component. of tropical cattle that can
adapt to the environment stresses to achieve desirable increases
in milk production (Trail and Gregory, 1981}). Whereas, the
climatic environment per se can only be modified to a limited
extent, substantial improvement can be made both in the

quantity and quality of feorages availability and total nutrition
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provision as well as control of specific diseases and
parasites that would result in optimal milk production.
The dairy potential of the indigenous breeds of cattle can
also be enhanced by employing a breeding programme that
is in consonance with the tropical environment and the
prevailing economics of production.

Among the limitations to economic dairy producitivity
of indigenous breeds of tropical cattle is the migratory
nature of the cattle herds which does not allow for proper
evaluation of the milk yield potential of the cows; the
reguirement of calf at foot to induce milking cows to
let down milk and the small sizes of dairy herds that does
not allow adequate evaluation of milk producing capacity
of cows for genetic improvement to be achieved. Where
crossbreeding programmes invelving indigenous breeds of
cattle and high producing sub-tropical breeds or temperate
breé?s have been undertaken, the resulting high producing
progeny have to be sustained by provision of adequate
nutritional environment as well as good management and a
drastic conffol of the diseases and parasites so that the
productivity of the resulting cows can be realised. There
are other factors that limit the optimal milk yield of

indigenous breeds of cattle,
2.2.2.1. Late age at first calving

Late first calving is common in most breeds of tropical
cattle. Late age at first calving and long calving interval

are the two most important traits that contribute to the
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unproductive life of these cattle. To improve eccnomic
dairy production per se in the tropics, a reduction in
age at first calving is necessary. Decreasing the age at
first calving, would apart from reducing the animals
unproductive life, also reduce the generation interval which
would result in an increase in the rate of genetic progress,
whilst also making progeny testing of sires more feasible.
Judging by the current age at first calving of the tropical
African breeds of cattlg, the time when progeny test
information is obtaine;;gg so late as to make most of the
sires unsatisfactory for service due to old age.

A trend of the age at first calving of some breeds of
tropical African cattle can be obtained from Table 2:1.

The average age at first calving ranges between 34 and 67

months.



Table 2:1.
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Age at first calving of some tropical African
breeds of cattle

No. Average age

Ereed records (months) References

Ankole 153 513 Sacker and Trail (196¢€)

Arsi 62 34.4 Kiwuwa et al. (19€3)

Azaouk 32 37.0%5,1 Wheat (1972)

baggara 135 66.7+13.0 Osman (1970)

Boran 157 40.7+13.6 Trail and Gregory (1981)

Maure 71 42.3 ILCA (1978)

Ndama 231 39.4 Touchberry (19€7)

Northern Sudan)

Shorthorn zebu) 315 44.0 Osman and EL 2Amin (1971)

Northern Sudan)

Shorthorn zebu) 241 44,26.4 Osman (1970)

Zebu 112 51.7 Sacker and Trail (1966)

Shorthorn zebu 100 42.0 Marples (19€4)

Wadara 103 52.4%6.6 Wheat (197%5)

Sokote Gudali 79 40,8+°2.8 Wheat and Broadhurst
(1972)

Sokoto Gudali 34 43.4%7.7 Wheat and Broadhurst

; (1972)

Bunaji 433 41.81210.1 Wheat et al. (1972)

Bunaji 46 42.0%8.0 Wheat and Broadhurst
(19€8)

Boran 418 36.4+0,4 Trail et al. (1984)

Kenana 85 36.4 Alim (1960)

East African Zebu 568 42,7 Calukande et al. (1962)
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2.2,2.2, Long calving interval

Long calving interval is characteristic of most tropical
breeds of cattle. The economics of dairying in the tropics
can be improved by reducing the calving interval. This will
reduce the unproductive life of the breeds of cattle and
enhance the rate of genetic progress by decreasing the
generation interval. With the present calving interval, progeny
tested bulls would be too o0ld to be of use for breeding
service.

A summary of the calving interval of some breeds of
tropical Africgn cattle is shown in Table 2:2. fhe mean
calving interval ranges between 11 and 18 months. For Bunéji
cattle, Wheat and Broadhurst. (1968, 1972) recorded average
calving interval of 11 to 15 months, while for Sokoto Gudali
cattle, wheat et al. (1972) obtained mean calving interval

of 15 to 17 months,
2.2.2,.3, Short lactation

African breeds of cattle are noted for their short
lactation production. BAs the duration of lactation prchkably
exerts more effect on milk yield than any other factor
because of the significant positive correlation ketween milk
yield and length of lactatipn (Mahadevan, 1956; Asker et al.,
1965), the short lactation éf indigencus African breeds of
cattle inevitably results in an coverall low milk production.
As such to improve the overall milk yield of indigenous
tropical breeds of cattle, the duration of lactation must be

appreciably increased,
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Among indigenous Afriéan breeds of cattle, temperament
which is assoclated with milk letdown interference could
result in short lactations because of nervous instability'
during milking of the animals. However, milk letdown
refusal resulting in short lactation 1s not fully understocod
and needs investigaticon. While some workers exclude short
lactation milk yields because ofimilk letdown interference,
other workers argqued for inclusion on the basis that the
phenomenon is breed characteristic {(Kiwuwa et al., 1983).
In a study which involved examination of data and conditions
under which certain indigenous African breeds of cattle
displayed apparent mllk letdown interfereﬁce, Kiwuwa et al.
(1283) concluded thatllactations in which peak yields were
reached (generally peak attained between 21 and 60 days)
and later concluded by the cows themselves should be regarded

as normal records provided no extraneous factors caused

cegsation of milk yield.
2.2.2.4. low milk yield under good nutrition

‘The low milk yield of indigenous breeds of African
cattle has been attributed among other factors to inadequate
goed nutrition. However on the prospect for increased
output, Miller (1961} refer{ed to the studies carried out
by Rains and Simpson {Unpubiished) on the effect of level of
supplementary feeding on milk production which indicated that
for practical purposes, the Zebu cattle do not respond on

a scale which justified heavy concentrate feeding. 1In an
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investigation involving thirty-two Bunaji cattle divided
into two groups of 16 cows each, supplemented and
unsupplemented respectively with concentrate ration,

Claloku and Oyenuga (19%27€) reported positive and significant
correlations between dry matter intake, dr§ crganic matter
intake, organic matter intake and milk yield. The workers
contended that the digestibility of the organic matter of
the feeds consumed by the Bunaji cows used in their study
was generally below the range considered necessary to
promote maximum voluntary intake. They further stated that
although the correlations between milk yield and the feed
intake, especially the digestible organic matter intake
would tend to suggest the possibility of increased milk yield
by the Bunaji cattle through use of more digestikle feed,

it was douktful whether any of the regression equations

were sufficiently precise to be useful for the predicfﬁiﬂﬁz
of the feed intake or the requirements for animal producticn
of the breed, Thef guggested the need for further
investigation of the factors involved in the intake and
utilisation of feed for milk production of the Eunaji cattle
using more animals. On the apparent correlations between
feed intake and milk yield, Crampling (1966} suggested that
the correlated response which implies response to indirect
selection, may be due to the ratiqning of concentrates
according to yield as well as the energy relationship.
Similarly, Curran and Holmes {(197C) reported that the

significant milk yield term was not entirely due to correlations
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with concentrate feeding. Consequently, it is evident that

African indigenous breeds of cattle may produce low milk

vield even under good concentrate nutrition.
2.2.3. Previous selection efforts and results

When observable phenotypic variability in economic
traits in cattle is not entirely environmental, part of
this variability has heritable prospects and selection can
be applied to improve productivity in the€conomic traits
per se. However, Mahadevan (1965) reported that from the
available information and the results obtained, selective
breeding for increase in milk production within the
indigenous cattle of East Africa has failed to produce any
worthwhile response, This is because low selection pressure
was applied, resulting in low selection differential,
uneconomic dairy returns in the attempt to increase milk
production of the animal stock. As the East African cattle
used did not possess the genetic pqtential for increased milk
vield, an infusion of the temperate germ plasm would have
created the reqﬂiiif genetic variability that selective
breeding would C; vpon to achieve the desired increase in
milk production. Working with the Bunaji and Sckoto CGudali
breeds of cattle, Foster 61960) reported that on the basis
of selective breeding carried out un the two breeds over
twenty~four years, the annual genetic improvement in

lactation milk yield was about 1,5% for each of the breed.



18

It is pertinent to note that Foster (1960) reported that
line~breeding within each breed was practised most cf the
time, and this led to some amount of inbreeding within the
respective breeds and this situation was thereafter corrected
by outcressing within each breed. However, the report of
Robertson (1950) on the Bunaii qattle covering a period of
25 years also showed that the annual genetic improvement

in milk yield was two percent, This genetic progress of

two percent in milk production in both the Bunaji and Sokoto
Gudali cattle is comparable to the genetic response of one
to two and a half percent annual genetic progress in the
temperate breeds of cattle (Johansson and Rendel, 1968),
although the level cf milk producticn in the tropical breeds
of cattle is less than that of temperate breeds of cattle.
It is possible that desired environmental factors especially
nutritional and overall management that would support
optimal genetic expression for economic production may be

lacking.

"

2.3, Parameters of dairy production and their significandé

The parameters influencing dairy production can be
classified as: .
1. Reproductifa performance

2., Lactational performance
2.3.17, Reproduction performance

The factors influencing reproductign performance in

dairy animal,
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2.3.1.1. Age at first calving

The age at first calving is the age of the cow when
her first calf is born., This, in addition to calving
interval are two important traits that affect the rate of
genetic progress in improving d{airy productivity. The
productive life of dairy cows can be increased by reducing
the age at which the cows calve for the first time. This
has the effect also of decreasing the unproductive life of
the cows, reducing the otherwise long generation interxval,
while rapid genetic progress would be achieved in the
process. From the 1iterature,-the.meaﬂ agé at first calving
for indigenous African breeds of cattle ranges betweeﬁ 34
and 67 morths {Table 2:1). Johansson and Rendel (1968)
reported that there was a linear relationship between the age
at first calving (within 23 and 38 months) and milk yield
in the firxst lactation for the Swedish Red and White heifers
but that the relationship was curvilinear for age interval
between 20 and 49 months. Thus when the age at first calving
exceeds about three years, there is no further increase in
milk yield for the increase in age at calving. Osman (1970)
reported that age at first calving did not affect average

daily milk yield in the Northern Sudan Zebu cattle.
2.3.1.2. Calving interval

Calving interval is the period between the birth of
cows' twe consecutive calves. Calving interval along with

the age at first calving is a2 most impertant contrikutor
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to the observed unproductive life of tropical indigenous
breeds of cattle. 7 reduction in the interval between
successive calvings as well as a decrease in the age at

first calving will increase the total productive life of
dairy cows and will also achieve appreciable genetic progress
in milk productivity of cows. A search through the
literature indicated that the mean calving interval for some
indigenous kreeds of tropical cattle ranges between 11 and

18 months (Table 2:2). Johansson and Rendel (1968&) suggested
that acceptable value lies between 12 and 14 months.

Calving interval can ke subkdivided into two parts
namely, the service period - which is from calving to the
next conception, and the gestation period. The small
differences usually observed in gestation lenth are partly
hereditary as evidenced by the significant breed differences
for the trait. National Council Zambia (1970) reported on
the gestation length cf Angoni, Africander and Mashona breeds
of cattle in Zambia, with comparable values of 285;9113.2
days and 286.5%12.4 days for Angoni and Mashona breeds while
the Africander cattle had gestation length of 297.5%11.5 days.
In the same study, the Africander cattle had significantly
longer calving interval of 425.7+130.9 days compared with
379.0+85.8 days and 387,.8%113.6 days respectively for Angoni
and Mashona breeds. »Asker et al. (1965) reported calving
interval of 397 days for Iraq zebu, and also reported a
service period of 103 days for the same cattle. Since service
period and calving interval would be highly correlated for

biological reasons, the effect of both on milk yield should
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be comparable, especially where the average service period
is long. Calving interval can alsc be subdivided into
lactating period and the dry period (ILCAR, 1978). 2 short
calving interval will lead to a lower milk yield in koth

the current and the succeeding lactation, while a long
calving interval operates in the opposite direction. A short
calving interval also leaves little allowance for a long

dry period. Milk yield is influenced both by the preceeding
calving interval ané the number of days pregnant during the
current lactation (Mason and Buvanendran, 1982). RAs the
relationship between length of calving interval and milk
vield is curvilinear, regression using linear and quadratic

terms should ke used to estimate the correction factors.

2.2.2, Lactational performance

Different measures have been adcpted for éstimating

milk yield.
2.3.2.1. Milk yield at 305 days

Milk yield during the first 305 days or less (depending
on whern. the animal was dried after calvinn) has been
internationally accepted as a standard period to measure milk
production of dairy animals. However, as progeny testing
of kulls can be carried out as early as possible in their
life-time, other shorter periocds such as 70, 100, 180, 200
and 300 days have been tested with satisfactory results.
However, the heritability of milk precduction in the first

305 days was highest for first lactation exotic heifers, the



Table 2:2.

Calving interval of some tropical Afrxican breeds of cattle

Number of =~ Average calving interval (months) References
Breed records’. . o . o
Ankole 153 11.4 (all calving interval) Sacker and Trail (1966)
Arsi 202 14.6 ) (all calving interval) - Kiwuwa et al (1983)
Azacuk 39 15.320.4 (first calving interval) Wheat (1972)
Azaouk 128 14.5£1.7 (all calving interval) Wheat (1972)
Boran 498 13.7¢0.3 (all calving interval) . Prall and Gregory (1981)
Maure 71 - 16.3 (first calving interval) ~ ILCA (1978)
Maure 225 15,7 {all calving interval) ILCA {1978)
Peul 27 16.3 (first calving interval) ILCA (18978) -~
Peul 216 15.8 {all calving interval)  ILCA (1978)
Ndama 111 15.2¢0.4 (all calving interval) ~ Sada (1968)
Ndama 926 15.6 (all calving interval)  Touchberry (1967)
West African ) :
Shorthorn Zebu) 99 14.,8:0.5 (all ca&lving interval}) ~ Sada (1968)
Northern .Sucan) .
Shorthorn zebu) 1084 4.3 (all calving interval) Osman and EL Amin (1971}
Boran 647 14.0#0.2 (all calving interval) ~ Trail et al {1984)
Irag zebu 121 .

3.2

.AmHH

c¢alving interwval)

e s e

Asker et al (1965)
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Table 2:2 (Continued)
Number of wqmﬁmmm calving interval (months)
Breed records - o _ References
Zebu 112 1146 (all calving interval) Sacker and Trail (1966)
Zebu 94 15.0 (all calving interval) Kiwuwa et al (1983)
Shorthorn zebu 100 131 (all calving interval) Marples (1964)
Rahaji 62 19.120.5 (first calving interval) Wheat (1972)
Rahaji 92 17.940.5 (all calving interval) Wheat (1972)
Wadara 176 18.8+0.4 (first calving interval) Wheat (1975)
Wadara 82 15.120.4 (first calving interval) Wheat (1975)
Wadara 309 17.8$¢0.3 (all calving interval) Wheat (1975)
Wadara 188 14.8120.3 (all calving interval) Wheat (1975)
Bunaji 385 13.6+0.2 (first calving interval) Wheat et al (1972)
Bunaji 44 13.120.4 (first calving interval) Wheat and Broadhurst (1968)
Bunaji 36 15.020.7 (first calving interval) Wheat and Broadhurst (1968)
Boran 540 13.7+#0.7 (all calving interval) Gregory et al (1984)
Bunaiji 1336 13.7¢0.1 {all calving interval) Wheat et al (1972)
Bunaji 129 11.320.2 (all calving interval) Wheat and Broadhurst (1968)
Bunaiji 101 14.53%0.4 (all calving interval) Wheat and Broadhurst (1968)
Sokoto Gudali 60 15.620.6 (all calving interval) Sada (1968)
Sokoto Gudali 132 ga.mwc.p..ﬁwwp nmwﬂwsm interval) Wheat and Broadhurst (1972)
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Table 2:2 (Continued)

Breed

Number of
records

Average calving interval (months)

References

Sokoto Gudali
Sokoto Gudali
Sokoto Gudali
Bunaji
Angoni

Africander
Mashona

East African
Zebu

85
46
31

374

568

16.5x0.5
15,320.4
16.920.9
12.2

13.3£2.8

14.2x4 .4
12.9%3.8

12.2

(all calving interval)
(first calving Hnnmﬂ¢mwu
(first calving interval)
(all calving interval)
(all calving interval)

(all calving interval)
{(all calving interval)

(2all calving interval)

Wheat and Broadhurst (1972)
Wheat and Broadhurst (1972)
Wheat and Broadhurst (1972)
Knudsen and Sohael (1970)

National Council for

Scientific Research, Zambia
(1970)

Galukande et al. (1962)




25

value was 0.43 (Johansson and Rendel, 1968). Tropical,
especially, African breeds of cattle are known for

their low milk production. The average 305-day milk yield

of some breeds of African cattle in their first and subsequent
lactations are given in Table 2:3. The mean milk yield for
the first lactation in most of the breeds ranges from 603

to 1303 kg, while the averages for all lactations varies

from 616 to 2088 kg. It is thus apparent that the average
305-day milk yield for the first lactation reflects the
production trend since the increase between the first
lactation and the lactation of maximum milk yield in tropical

cattle is relatively small.
2.3.2.2. Total milk yield

This is the milk production in a complete lactation,
and is controlled by the genetic capacity of the animal
and duration of milk yield. While most of the tropical breeds
of cattle produce milk yield for a period less than 300
days, some tropical cattle however give milk yield whose
period of production is more than 305 days. For the total
milk yield given in less than 305 days, there usually is
no adjustment of milk yield for lactation length as the
production represents the genetic impulse of the animal
concerned. However, the total milk yield produced over a
period greater than 305 days is conventionally truncated
to a uniform 305 days so that a comparison of milk

productivity of cows can be made over a constant period.
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Since the calving interval is composed of lactation length
and dry period, a total milk yield produced in a relatively
long period would underline a short dry period for the
animal or a longer than usual calving interval between the
present and the following calving.

Total milk yield of a cow is influenced by the average

daily milk yield, persistency and duration of lactation.
2.3.2.2.1. Average daily milk yield

The average daily milk yield is the mean of the total
amount of milk produced over a full lactation. The average
daily milk yield is important because the peak average daily
milk yield is closely associated with the total lactation
milk yield especially when part lactation milk yield is used
to estimate total milk yield of cows (Johansson, 1961).

The average daily milk yield of some indigenous African breeds
of cattle is presented in Table 2.4. The average daily yield

ranges between 1.5 and 5.7 kg per day.
2.3.2.2,2. Persistency of milk yield

Persistency is the monthly milk yield divided by the
previous month's milk yield expressed as a percentage. The
significance of persistency of milk yield lies in the
indication of the probable sustained or declining level of

milk yield as the lactation milk yield progressed.
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Kenana 84

479,39

(first lactation)

Table 2.3. Average 305-day milk production of some tropical
: breeds of cattle
Breed No. of Average yield (kg) References
records .
Ankole 153 754.,5 (first lactation} Sacker and Trail (1966)
Zebu 112 603.0 (first lactation) " " " "
Ankole 153 883.0 (Subsequent lact) " " " "
Zebu 112 615.6 (Subsequent lact) " " " "
East Afri-
can zebu 152 911.0 (all lactations) Kiwuwa (1973}
cast African '
zebu 175 1303.0 (first lactation) Kiwuwa {1973)
East African
zebu 278 1294, {all lactations) Kiwawa (1973)
Shorthecrn
zebu 100 952.5 {all lactations) Marples {(1984)
Irag zebu 99 1027 {all lactations) Asker et al. (1965)
Bunaji 573 1047.0 (first lactation) Johnson et al (1984)
Sokoto
Gudali 315 1115.8 (first lactation) " nom "
 Bunaji 573 1069  (all lactations) " "o "
- Sokoto o S |
- Gudali " 315 - 1143.8 (all lactations) " weon "
- Bunaji. .. .159 ..789.5. (all. lactations). Foster (1960)
 ‘Wadara 419 B62.6 (all lactatiens) Colonial Advisory
Council (1957)
Northern ) :
Sudan ) 743 2088.0 {all lactations) Osman and EL amin {(1971)
Shorthorn)
zebu }
Bunaiji £5 . 775.4 (first lactation) Knudsen and Sohael{1970)
Bunajii 374 - 837.0 ({(all lactations) " " " {1970)
Maure 225 586.0 - (all lactations) IICA (1978)
Peul 216 522.0 ({(all lactations) IIch (1978)
Alim (1960}
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Table 2.3 (Continued)

Breed No. of Average yield (kg) References
records
Kenana 293 696.2 (all lactations) Alim (1960)
White Nile 117 1405.4 (all lactations) Boyns (1947)
Kenana 66 1555,2 (all lactations) Boyns (1947)
Dongola 57 1187.8 (all lactations) " *
Shorthorn
zebu 100 354.2 (first lactation) Marples (1964)
East African
zebu 568 317.0 (all lactations) ‘Galukande et al (1962)

Table 2.4. Average daily milk yield (kg) of some tropical breeds of cattle

Breed Number of Average daily milk yield . References
records (kg)

Arsi 233 s 2.7 Kiwuwa et al (1983)

Zebu 104 2.8 Kiwuwa et al (1983)

Bunaji and

Sokoto Gudali 16 248 Miller (1961)

Wadara 419 3.4 Colonial Advisory
Council, U.K. (1957)

Bunaji 737 2.6 Foster (1960)

Bunaji 374 3.4 " ° Knudsen and Sohael
{1970)

Noguni 122 1.5 Brown (1961)

Dongola 57 5.6 Boyns (1947)

White Nile 117 5.4 Boyns (1947)

Kenana 66 5.7 3§ Boyns (1947)

Nganda 100 3.8 Mahadevan and Marples
(1961)

Bunaji 573 4,2 Johnson et al (1984)

Sokoto Gudali 315 4.3 " w M "

East African

zebu 163 4.6 Kiwuwa (1973)

East African

zebu 152 3.6 Kiwuwa (1973)

East African

zebu 278 4.7 Kiwuwa (1973)
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Lactation length represents the number of days in milk
production and is an important factor that determines the
total milk yield. Of these factors influencing the total
milk yield, the duration of lactation probably exerts more
effect on total milk yield because of the highly significant
correlation and regression between milk yield and length of
lactation (Mahadevan, 1956; Asker et al., 1965). The average
total milk yield of scme tropical breeds of cattle over a
period greater than 305 days is presented in Table 2.5. The
total milk yield for the breeds of cattle ranges between 809
and 1766 kg. The average for the Bunaji and Sokoto Gudali

cattle reported by Foster (1960) ranged from 1578 to 1766 kg.

Table 2.5, Average total milk yield of same tropical breeds of cattle

Breed Number of Average yield References

records = (ka)
Arsi 233 809.0 Kiwuwa et al (1983)
Zebu 104 929.0 Kiwuwa et al (1983)
Bunaiji 124 1578.1 Foster (1960)
Sokoto Gudali 50 ' 1766.5 Foster (1960)

2.3.2.3. lactation length

This is the number of days in milk production from the
calving to the termination of iactation. Tropical breeds
of cattle manifest short lactation lengths which appear to

have a genetic basis.
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As calf death can result in short lactations in zebu cattle
that have a strong maternal instinct, correction of milk
yield for calf mortality would seem desirable. However, an
upward bias may be introduced especially in animals having

a low impulse for lactation length (Mason and Buvanendran,
1982). Sacker and Trail (1966) reported that lactation
length exerts a considerable influence on milk yield.
Conventionally, the milk yield over a period of 305 days from
calving irrespective of the length of lactation is used for
purposes of uniform comparison. However, where animals have
potential for milk yield of less than 305 days, the milk
production recorded is not adjusted for short lactation,

The average lactation length of some breeds of tropical
cattle is given in Table 2.6. The mean lactation length for
the breeds ranges from 220 to 261 days for first lactation,
while the range was 143 to 294 days for all lactations. The
manifestation of short lactation by the indigenous breeds of
cattle is apparent from the values recorded in the literature.
The prospect of low milk yield by indigenous breeds of cattle
would thus be expected since the lactation length exerts a
considerable influence on the milk yield in a lactation.
Johansson and Rendel (1968) reported that for temperate breeds
of cattle, the length of lactation period is highly dependent

on how soon the cow becomes pregnant again after calving.
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Tabie 2.6. Average lactation length of some txopical breeds of cattle.

2225 (all lact.)

Breed No. of Averace/lactation Raeferences
records length (days)
Ankole 153 238.0 (Subsequent Sacker and Trail (1966)
lactations)

Zebu 112 226.0 " " v oo "
Ankole 152 243.0 (First lact.) " oo "
Zebu 112 244.0 n . oo "
Lucerne 11012 256.0 (all lict.) Stonaker and Knapp ({1974)
East African Zebu 257 261.0 (First lact.) Kiwuwa et al (1983)
Shorthorn zebu 100 259.0 (all lact.)  Marples (1964)
Bunaji 191 220.0 (First lact.) Johnson et al (1984)
Sokoto Gudald 105 229.0 (First lact.) " e e
Bunaji 573 255.0 (all lact.) " mowow

' Sokoto.Gudali 315 266.0 (all lacts.) ° " "
Iraq zebu 99 219.0 (all lacts.}) Asker et al (1965)

" Maure 255 249.0 (all lacts.) TILCA (1978)

Peul o 218 258.0 (all lacts.) " "

" East African zebu 66 143.0 (all lacts.) Trail and Gregory (1981)
Wadara 419 251.0 (all lacts.) Colonial Advisory Council

(3957)

' Bunaji 737 250.0 {all lacts.) Foster (1960}
Northern Sudan)
Shorthorn zebu) 1001 294.0 (all lacts.) Osman and EL Aunin (1971)
Bunaji 34 246.0 (all lacts.} FKnuwdsen and Sohael (1970)
East African zebu 568 239.0 (all lact.)  Galukande et al (1962)
white Nile M7 259.0 (all lact.): Boyns (1947)
Kenana 66 270.5 (all lact.)  Boyns (1947)
Dongola 57 Boyns (1947)
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2.3.2.4. Yield per day of calving interval

From the econamics of milk production, it is the average daily milk
yield during the calving interval that is important (Johansson
and Rendel, 1968). Milk yield per day of calving interval is
the total lactation milk yield divided by the calving interval
(days) and this is expressed as kg per day of calving interval,
Thus in assessing the milk yield of individual cow's production,
consideration should be given to calving interval. That is why
the yield per day of calving interval is important, for a longer
calving interval would result in a lower milk yield per day of
calving interval. As such, the reproductive capacity as
indicated by the relative short calving interval and the milk
producing capacity of an animal are reflected in the milk yield
per day of calving interval, The average milk yield per day of
calving interval of some breeds of tropical cattle is presented
in Table 2.7. The average yield per day of calving interval

ranges from 1.10 to 4.87 kg/day.
2.3.2.5. Dry period

This is the period of rest between the current lactation
milk production and the start of the following lactation,
Dry period allows for a satisfactory development of the
developing calf in its later part of gestation just before
calving and alsc promotes an appreciable milk yield in the next
lactation period. A relatively shorter dry period would result

in a comparable lower milk yield in the following lactation.
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Johansson and Rendel (1968) reported in the temperate breed
of cattle, that the length of dry period is a measure of the
cow's persistency for milk production during the lactation,
where other factors enhancing good milk production are
prevailing. The average dry period for some tropical breeds
of cattle is shown in Table 2.8. It ranges from 97 to 222

days.

Table 2.7, Average milk yield per day of calving interval for same
. ' tropical breeds of cattle L e

Breed No. of Yield per day of References

- records calving interval :

o (kg/day)
Arsi : 149 o 1.34 E Kiwuwa gﬁ é; {1983)
gebu - 90 2.10 Kiwuwa et al (1983)
Ankele 153 2.58 Sacker and Trail (1966}
Zebu : 112 1.77 : Sacker and Trail (1966)
Shorthorn zebu - 100 2.42 Marples (1964)
Irag zebu . 99 2.59 Asker et al (1965)
Northern Sudan) ‘ .
Shorthorn zebu) 743 4.87 - Osman and EL Amin (1971)
Bunaji 374 2.29 o ¥nudsen and Schael (1970)
Maure. .. .. .. .. .. 225 .. .. .1.25 .. . IICA (1978)
Feul B 26 - 1.0 TICA (1978)

East African zebu 568 0.88 Calukande et al (1962)




34

Table 2.8. Average dry period (days) for some breeds of tropical cattle.

Breed No. of Average dry References

records period (days)
Ankole 153 97.0 Sacker and Trail (1966)
Zebu 112 106.0 Sacker and Trail (1966)
Shorthorn zebu 100 134.0 Marples (1964)
Iraq zebu 93 182.0 Asker et al (1965)
Maure 225 222.0 ILCA (1978)
Peul 216 216.0 IICA (1978)
Arsi 152 165.0 Kiwuwa et al (1983)
Zebu 92 154.0 Kiwuwa et al (1983)
Northern Sudan)
Shorthorn zebu) 854 114.0 Osman and EL Auin (1971)
East African zebu 568 123.0 Galukande et al (1962)

2.4. Environmental factors affecting different traits

The environmental fac¢tors which affect different traits

in dairy production includes:
2.,4,1, Year of calving

Year of calving has been noted to influence some of the
traits that determine the to&al milk production of dairy
cattle, Osman (1970) reported.significant effects of year of
calving on the average daily milk yield of zebu cattle in
Sudan over a period of 26 years., The year effects was recorded
to contribute about 6% of the variation of the milk yield by

the author.
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The year effects was suggested to reflect possible changes

in the genetic make up among the animals, changes in feeding
regime, general managgment as well as the climatic conditions
that contribute to the animals herd environment. However,
continuous selection practised in the herd for increase milk
production and possible introduction of inbreeding could have
also contributed to the effects of year of cavling. Kiwuwa
et al (1983) reported significant effects of year of calving
on the calving interval of Arsi and Zebu breeds of cattle in
East Africa over a period of eight years. The effects of
year of calving on calving interval underlined an increase

of 13 days per year in the calving interval over the study
period. However, Johnson et al {1984) recorded that the year
of calving had no significant effects on milking yield,
lactation length and calving interval for both Bunaji and
Sokoto Gudali cattle over a three year study. Similarly, ILCA
(1978) reported no significant effects of year of calving on
lactation yield and daily milk yield among Peul and Maure
cattle in East .Africa. On the contrary, Kiwuwa et al (1983)
recorded significant effects of year of calving on lactation
yield, lactation length and yield per day as well as dry
period for Arsi and Zebu breeds of cattle in East Africa. This
is supported by the report of Trail and Gregory (1981) who
reported that year of calving had significant effects on the
lactation milk yield of East African Zebu cattle. Also ILCA
(1978) reported significant effects of year of calving on

calving interval for Peul and Maure cattle.
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Thus, since environmental conditions are not constant yearly,
these changes can cause observable influence of year of

calving on the production traits of dairy cattle.
2.4.2. Month of calving/season of calving

As the amount of herbage available to lactating cows
varies from one month to another due to differing water
precipitation, month of calving or season of calving may
affect dairy animal productivity. Osman (1970) reported no
significant effects of month of calving on daily milk yield
of Sudan Zebu cows, under a management where cows calve
throughout the year. He suggested that this situation was
due to a relatively constant feed supply throughout the year.
The author also reported that the month of calving contributed
less than 3% of the variation in milk yield. However, ILCA
(1978) reported significant effects of month of calving on
lactation yield and yield per day of calving interval for
Maure aqd Peul breeds of cattle in East Africa. Similarly,
Trail and Gregory (1981) reported significant effects of month
of calving on lactation milk yield of East African Zebu cattle.

Kiwuwa et al (1983) reported no significant effects of
season of calving on lactation yield, lactation length and
yield per day for Arsi and éebu cattle, although significant
effects of season of calving'was recorded for dry period for
the twec East African breeds of cattle. Similarly, Kiwuwa and
Redfern (1969) recorded significant season of calving éffects
on milk yield in Nganda. On the contrary, Sikka (1931), Tomar

and Nittal (1960), Sidhu (1964) and Rao and Tayler (1971) have
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separately found no significant season of calving effects

on milk yield in their studies. It is thus apparent, that

the effects of season of calving and month of calving on milk
yield and milk production traits in the tropics and subtropics
studied by several workers have produced rather conflicting
results. However, despite the divergent results, there seems

to be evidence for month and seasonal effects on dairy traits,
especially as animal management in the tropics relies on

pasture grazing practices in the wet and humid areas and on
stall feeding in the hot and dry climatic regions. Kiwuwa (1973)
reported significant effects of season of calving on lactation
yield and daily milk yield but not on lactation length in

East African Zebu cattle. On the other hand, Bodisco et al
(1966) noted in Venezuela that cows calving during the dry
months of the year produced less milk than those calving during
the rainy months. However, Alim (1962) did not find significant

seasonal effects on milk yield of Butana cattle in Sudan.

2.4.3. Parturition number

Parturition number is the number of times a cow has calved,
and because the development of the cows progresses until the
mature size is attained, parturition number can exert effects
on dairy productivity of aniﬁals. Trail and Gregory (1981)
reported that parturition numger had significant effects on
the calving interval of East African Zebu cattle. Supporting
evidence was recorded by Kiwuwa et al (1983) who stated that
parturition number underlined the declining calving interval

from the first to the fourth parturition in Arsi and East
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African zebu cattle. The authors also reported that
parturition number had significant effects on lactation
yield, lactation length and yield per day but not on the
dry period. ILCA (1978) recorded significant effects of
parturition number on the milk yield of Maure and Peul breeds
of cattle. Similarly, Johnson et al (1984) reported that
parturition number had significant effects on milk yield,
lactation length and calving interval for b9th Bunaji and
Sokoto Gudali breeds of cattle. Trail and Gregory (1981)
recorded that parturition number had significant effects on
lactation yield for the first and second lactations in East

Africa.

2.4.4., Previous calving interval/subsequent calving interval

Previous calving interval is the number of days between
the first and second calvings; while the subsequent calving
interval is the number of days between the second and third
calvings for a cow, or the days between any two consecutive
calvings following the first calving interval. Thus as milk
yield is influenced by the previous calving interval (Mason
and Buvanendran 1982), a short preceding calving interval
would result in a lower milk yield both in the current and
the suceeding lactation, whéreas a relatively long calving
interval operates in the Oppdsite direction (Johansson and
Rendel, 1968). Similarly a short subsequent calving interval
woﬁld result in a lower milk yield in the following lactation,
because a short subsequent calving interval allows for no

prospect of a long dry period,
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Thus, optimal length of calving interval for a breed should
be aimed at, since this seems to give the highest average
milk yield over a period of several years. Therefore good
cows should have the average previous and subsequent calving
intervals for their breeds. If these are coupled with the
possession of the breed's average age at first calving by the
cows, a manifestation of a breeding efficiency would result
which would support a relative declining subsequent calving
intervals and an increased milk yield up to the fourth
lactation (Kiwuawa et al (1983). This situation would enhance
the overall reproductive performance by the production of an
appreciable calf crop that would support herd replacements and
sustain good milk yield. However, Marples and Trail (1967)
reported that the length of previous calving interval did not
influence the milk yield of cows of Guex?ey breed in Uganda

in the following lactation.

2.4.5. Lactation length

Lactation length has a tremendous effect on milk yield
(Asker et al., 1965; Mahadevan, 1956). This situation
accounts for the relatively low milk yield of most tropical
breeds of cattle which show comparable short lactation lengths,
Trail and Gregory (1981) reﬁorted that both year of calving
and month of calving had sigﬂificant effects on lactation
length and that parturition number also influenced the lactation
length of East African cattle. A supporEing evidence is given
by Kiwuwa et al (1983) who reported that year of calving and

parturition number significantly affected lactation length
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alsc in East African cattle. ILCA (1978) recorded significant

effects of year and month of calving on lactation length.
2.4.6. Dry period

A short dry period results in a lower milk yield in the
following lactation. Dry period is affected by the length
of calving interval, since a short calving interval results
in little prospect for a long dry period (Johansson and Rendel,
1968). When other factors are suitable, the length of dry
period can be used as a measure of the cows' persistency for
milk production during the lactation, Kiwuwa et al (1983)
reported that year of calving and season of calving affected
dry period. Marples and Trail (1967) reported that the
length of the previous dry period did not affect subsequent
305-day milk yield. Kiwuwa et al (1983) also reported that
the dry period after the first lactation was not significantly
longer than the dry period following later lactations, that is
the dry period was not affected by the parturition number.
ILCA (1978) reported no effects of year of calving on length
of dry period and also recorded no significant effects of
month of calving and parturition number on length of dry period
for both Maure and Peul breeds of cattle. Alim (1960) reported
that the preceding dry periéd did not have any effects on milk

productien, among the Kenana cattle.
2.5. Repeatability and heritability

Milk yield is influenced by both genetic and environmental

factors. As such there is need to separate and estimate the
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influence of these factors so as to distinguish and be able

to select between genetically superior and inferior animals.
The estimation of the important environmental factors as

these affect production traits would permit using appropriate
corrections before making comparisdné among cows. It is

only the genetically determined variation that can be employed
to effect a permanent improvement in the production traits

in a population of animals. Heritability expresses the
proportion of the additive variance to the phenotypic variance,
that is attributable to the *average effects of genes. This

is what determines the degree of resemblance between relatives.
Thus the function of heritability in a genetic study of
qguantitative traits lies in its predictive role, by expressing
the reliability of the phenotypic value as a quide to the
breeding value. Although only the phenotypic value of
individuals can be directly measured, it is the breeding value
that determines their influence on the next generation. It is
mainly the additive effects of genes which can be utilised by
selection (Falconer, 1964). Thus the ratio of the additive
genetic variance to the total phenotypic variation, which is
heritability {h2) is of vital interest, If all the variation
in a group of animals is attributable to environment, selection
of the phenotypically superior individuals would result in no
improvement in the next gener;tiOn. hence the need to effect
correction to remove known environmental variations. Heritability
estimates can be made from relatives, either by estimating the

additive genetic variance from the covariance or from the
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regression or correlation coefficients. 1In dairy cattle,
dam-daughter pairs can be used within herds to compute
correlation and regression between their production.
rrelation between half-sibs can also be calculated by the
analysis of variance as an intra-class correiﬁtion.
Repeatability is the ratio of the between individual
component to the total phenotypic variance measured by the
correlation between repeated measurements of the same
individual, Repeatability thus expresses the proportion of
the variance of single measurements that is due to permanent
or non-localised differences between individuals both genetic
and environmental (Falconer, 1964). Repeatability can be
calculated between repeated measurements for example, milk
yield in successive lactations of the same animal either by
correlation analysis or as an intra-class correlation.
Repeatability estimation of a trait separates the component
of variance due to special environment but leaves the variance
due to general environment confounded with the genotypic
variance (Johansson and Rendel, 1968)., This component due to
general environment can only be separated if the genotypic
variance (including the non-additive components) has been
estimated., Thus the ccoefficient of repeatability which includes
all the genotypic variation plus general environment component
represents an upper limit of heritability (Falconer, 1964).
Repeatability and heritability estimates of production

traits.



2.5.1. Age at first calving

Estimates of heritability of age at first calving of
'some breeds of tropical cattle are presented in Table 2.9.
These estimates range from 0.03 to 0,12. All the estimates
are low and have rather large standard erros. The estimates
on Maure and Peul breeds of cattle are not significantly
different from zero. ILCA (1978) reported that a low
heritability is usually found for age at first calving and
when this is coupled with an extremely low selection intensity,
_ e.9g. selection intensity = i = 0.34 as obtained by ILCA
(1978), and which was ascribed to‘high mortality rates among
replaéement héifers in the dairy herd, would result in the
expected genetic reduction in the ége at first calving through
selection being guite small as it is here indicated by the

value of only two days per generation.
2.5.2. Calving interval

Estimates of repeatability of calving interval for some
breeds of tropical cattle are given in Table 2.10. These
estimates range between 0.06 and 0.31, The estimates of most
breeds except Kenana are above 0.10. As the repeatabilities
vary from low to medium value, multiple measurements of
calving interval may lead to a worthwhile gain in accuracy due
to a reduction of the variance due to special environment in
the phenotypic variance.

Estimates of heritability of calving interval for some

breeds of tropical cattle are shown in Table 2.11.
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Table 2:9. Estimates of heritability of age at first calving for some tropical breeds of cattle

Breed d.f .. .. .Method of Estimation.. Estimate References

Northern Sudan)

Shorthorn zebu) 117 daughter dam Intra-sire regression 0.1220.15 Csman and EL Amin (1971)

pairs of 15 sires

Nganda 104 Intra-sire regression 0.08+0.25 Mahadevan and Marples
(1961)

Maure - Paternal half sib 0.03+0.12 I1ICA (1978)

Peul = Paternal half sib © 0.0320.12 ILCA (1978)

East African Zebu = - -0.03:0.23 Stobbs (1966 and 1967)
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Table 2.10.

Estimates of repeatability of calving interval for some tropical breed

by cattle
Breed d<f. Method of .estimation . .. .Estimate References
Nganda 75 intra-class correlation 0.21 Mahadevan and Marples (1961)
'
Kenana - intra-class correlation 0.06 Alim (1960)
Morthern Sudan) .
- hoEn zebia) 1083 intra-class correlation 0.24+0.04 Osman and EL Aunin (1971)
Shorthorn zebu - intra—-class correlation 0.14 Marples (1964)
Maure 74 intra=-class correlation 0.18 IICA (1978)
Peul 64 I1IcA (1978)

intra-class correlation

0.31
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Table 2.11. Estimates of heritability of calving intexval for some tropical breeds of cattle

Breed g.E. Method of mmﬁgﬂg .

-Estimate . References
Nganda 75 intra-sire regression =0.10 Mahadevan and Marples (1961)
(first)
Northern Sudan) 150 daughter
Shorthorn zebu) dam pairs of intra-sire regression 0,05+0,07 Osman and EL Amin (1971)

16 sires -
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Only two heritability values were found in the literature.

The values ranging from negative to positive and not very
different from zero, indicate that the expected genetic
reduction in the calving interval would be slow based on
selection for the trait. However, by increasing the intensity
of selection, the rate of response to selection can be improved
for the trait, as superior genes in the genotypes are

concentrated,
2.5.3 First lactation milk yield

Estimates of heritability of the first lactation milk
yield for some breeds of tropical cattle are presented in
Table 2.12. These estimates range from 0.20 to 0.54.
Estimates obtained for Bunaji by Lecky (1951) was 0.54.

Most of the estimates have rather high standard errors.

This indicates that the method of estimation has rather

high sampling variance, which underlined the fact that the
precision of the estimates is not quite the best possible.
Only one estimate was based on over 180 d.f. and the estimate
was medium. The estimate reported also on Bunaji cattle

by Robertson (1950) had a value of 0.32. These two estimates
on Bunaji cattle indicate the possibility of obtaining an
appreciable expected genetic_}ncrease in milk yield for the
breed., Robertson (1950) confirmed this in his observation

of a probable annual genetic gain of 5.6 kg or 1.4% of the
average milk yield in the first lactation in Bunaji cattle

during the 13 years of the experimentation.
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Table 2.12. Estimates of heritability of first lactation milk yield for scame tropical breeds of cattle

Breed d.f. Method of estimation Estimate Reference
Nganda 47 intra-sire regression 0.20+40.32 Mahadevan and Marples (1961)
Kenana 62 daughter
dam pairs of intra-sire regression 0.24+0.25 Alim (1960)
7 sires
Bunaji - intra-sire regression 0.32 Robertson (1950)
Northern Sudan) 88 daughter : i
Shorthorn zebu) dam irs of Intra-sire regression 0.22£0.19 Osman and EL Amin (1971)
13 sires
Bunaji 184 daughter
dam pairs intra-sire regression 0.54 ILecky (1951)
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2.5.4. Subsequent lactation milk yield

Estimates of repeatability of subsequent lactation
milk yield for some breeds of tropical cattle are shown in
Table 2.13. The estimates were from 0.38 to 0.64. Most of
the estimates were above 0.40. These moderate repeatabilities
indicate there is little special environmental variance, as
such the use of multiple measurements would give little gain
in accuracy in the subsequent lactation milk yield.

Marples (1964) reported the following correlations
between different lactations among the Shorthorn zebu cattle
shown in Table 2.13(A). From the results the repeatability
values were between medium to high and decrease as the
lactation number increases. These results showed that little
gain in accuracy would be achieved by use of multiple
measurements for milk yield in the breed of cattle under the
constraints of the experiment design. As the repeatability
value between the first and second lactations milk yield was
the largest, the indication.Is obtained that the least gain
in accuracy would be made by repeated measurements at these
lactations. On the other hand, the report of Alim (1960)
showed that the repeatability between the first and second
lactations was low, while répeatability between the first
and second lactations was 10;, while repeatabilities between
subsequent paired lactations were medium to high. The
significance of this findings is that for Kenana cattle,

a whortwhile gain in accuracy can be made by use of both

first and second lactaions to measure milk yield, while
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Table 2.13.
cattle

Estimates of repeatability of subsequent lactation milk yield of some tropical breeds of

Breed d.f. Method of estimation. .. Estimate Reference
Kenana - intra-sires correlation 0.43+0.05 Alim (1960)
Buntana - intra-class correlation 0.42 Alim (1960)
Northern Sudan)
Short] siabi) 742 intra—class correlation 0.38+0.06 Osman and EL Amin (1971)
Bunaji - intra-class correlation 0.60 Robertson (1950)
Shorthorn zebu - intra-class correlation 0.64 Marples (1964)
Maure 202 records of

60 animals Hwnﬁmunummm_oonumumwpo: 0.49 ILCA (1978)
Peul 191 records of

50 animals intra—class correlation 0.60 I1CA (1978)

East African Zebu 567 0.59 Galukande et al (1962)

intra-class correlation
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little accuracy would be achieved by the use of of multiple
measurements between the second and fifth lactations, Table
2.13(B). Mahadevan and Marples (1961) reported also on the
repeatability of milk yield in Nganda cattle between lactations,
The results showed that the repeatabilities between paired
lactations between lactations one and four were high. The
significance of this is that little gain in accuracy would

be made by use of multiple measurements for milk yield in

the Nganda cattle (Table 2.,13(C).

Estimates of heritability of subsequent lactation
milk yield for some breeds of tropical cattle are given in
Table 2.14. The estimates varied from 0.20 to 0.62., Most
of the estimates are over 0.25, These medium to high
heritabilities for most of the breeds of cattle indicate
that an expected ggnetic improvement in milk yield would be
appreciable through selection. For Bunaji cattle, Lecky
(1951) and Robertson (1950) separately reported a heritability
of 0.45 suggesting that selection would achieve improvement
in milk yield. On the contrary, Foster (1960) recorded a
heritability of 0.62 and 0.20 separately for Bunaji cattle.
The precision of the method of estimation is evident in the
results, for while the patérnal half-sib indicates that
little genetic improvement gan be made through selection,
the intra-sire reqgression showed that selection for milk
yield would result in genetic improvement in the Bunaji

cattle.



Table 2.13(A). Repeatability of milk yield by lactation
in shorthorn zebu cattle

Lactation 1 2 3 Reference
Number

2 0.77 =~ - - Marples (1964)

3 0.67 0.58 - " "

4 0.48 0.47 0.66 » »

Table 2.13 (B). Repeatability between successive milk yield in

Kenana cattle
Lactations Number of Repeatability Reference
canpared pairs .
1 and 2 65 0.14 Alim (1960)
2 and 3 39 0.36 "
3 and 4 38 0.54 "
4 and 5 33 0.69 =
Mean 175 0.38 ¥

Table 2.13(C). Repeatability of milk yield in different lactations

in Nganda cattle
Lactation 1 2 3 Reference
Number
2 0.74 - = * Mahadevan and Marples (1961)
3 0.62 0.77 - " (] " "

4 0.54 0.71 0.78 " “ m .

52
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Table 2,14, Estimates of heritability of subsequent lactation milk yield for same breeds of tropical cattle

Breed < 1% . Method of estimation . Estimate .. Peference
East African Zebu 147 intra-sire regression 0.50+0.17 Galukande et al (1962)
{first) -

Kenana intra-sire regression 0,24 Alim (1960)
Butana - intra-sire regression 0.28 Alim (1960)
Northern Sudan) 104 daughter dam pairs intra-sire regression 0.26+0.14 Osman and EL Amin (1971)
Shorthorn zebu) of 13 sires :
Northern Sudan
Zzebu - intra-sire regression 0,3610.12 Osman (1970)
Bunaji 187 daughter dam

pairs intra-sire regression 0,47 Lecky (1951)
Bunaji - intra-sire regression 0,47 Rokertson (1950)
Bunaji 256 daughter dam

pairs intra-sire regression 0.62%0.12 Foster (1960)
Bunaji Foster (1960)

256 daughter dam

pairs

Paternal-half-sib

0.20+0.20
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The stardard error for the paternal half-sib method
was high and indicated that the precision of this method of

estimation is not the best.

2.5.5. Average daily milk yield

Estimates of repeatability of average daily milk yield
per day of calving interval for some breeds of tropical
cattle is presentei in Table 2.15. The estimates Waried between
0.39 and 0.62.?ﬁeiatimates were above 0.45, except for
that of the Northern Sudan zebu cattle. These moderate to
high repeatability values for all the breeds of cattle suggest
that no increase in accuracy would be achieved by use of
repeated measurements for the trait.

Estimates of heritability of average daily milk yield per
day of calving interval for some tropical breeds of cattle are
shown in Table 2.16. The estimates were 0.23 and 0.45. These

values are medium, suggesting the possible genetic improvement

accruing through selection for the dairy trait.
2.5.6, Lactation length

Estimates of repeatability of lactation length for some
tropical breeds of cattle are given in Table 2.17. These
estimates were from 0.20 to 0.51, Most of the estimates are
above 0.27. These repeatabiiities varying from moderate to
high suggest that no improvement would be made in accuracy

by using multiple measurements for lactation length.
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Table 2,15, Estimates of repeatability of average daily milk yield for same breeds of tropical cattle

Method of estimation Estimate

Breed d.f. Reference

Nganda 47 intra-class correlation 0.62 Mahadevan and Marples (1961)
Northern Sudan Zebu

cattle - intra-class correlation 0.39+0.05 Osman {1970)

Maure 60 intra-class correlation 0.47 IICA (1978)

Peul 50 ILCA (1978)

intra-class correlation 0.50
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Table 2.16., Estimates of heritability of average daily milk yield for some tropical breeds of cattle

Breed R - 0 40 - Method of estimation Estimate Reference
Nganda 47 intra-sire regression

(first lactation) 0.23+£0.25 Mahadevan and Marples (1961)
Northern Sudan zebu - intra~sire regression

(first lactation) « 0.45%0.16 Galukande, Mahadevan and

Black (1962)

East African zebu 178 intra-sire regression 0,45+0.16 Galukande, Mohadevan and
Black (1962)
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Table 2.17. Estimates of repeatability of lactation length for same tropical breeds of cattle

Breed d.f. " Method of estimation Estimate Reference
Nganda 47 intra-class correlation 0.42 Mahadevan and Marples (1961)
Fenana - intra-class correlation 0,20 Alim (1960)
Northern Sudan) : !
n zebu) 1000 intra-class correlation 0.29+0.03 Osman and EL Anin (1971)
Shorthorn zebu - intra-é¢lass correlation 0.51 Marples (1964)
Maure 60 intra-class correlation 0.27 IICA (1978)
Peul 50 intra-class correlation 0.38 ILCA (1978)
East African zebu 567 intra-class correlation 0.34

Galukande, Mahadevan and
Black (191962)




58

Estimates of heritability of lactation length for some
tropical breeds of cattle are presented in Table 2.18. The
estimates were from 0.11 to 0.50. The heritabilities varying
from low to high underlined the prospect that genetic
improvement can be achieved in the lactation length of tropical
breeds of cattle through selection for those breeds with high
values while slow improvement can be made for those breeds

with low values by increasing the intensity of selection.
2.5.7. Length of dry period

Estimates of repeatability of length of dry period for
some tropical breeds of cattle are given' in Table 2.19. The
estimates varied from 0.07 to 0.26. Most of the estimates were
above 0.15. The fact that majority of the estimates were above
0.23 but below 0.30 suggest that the values are medium and
possibly that no increase in accuracf would be achieved by
using multiple measurements for this trait.

Estimates of heritability of length of dry period for
some tropical breeds of cattle are shown in Table 2.20.

These estimates ranged between negative to 0.06, and have
rather high standard errors. Since the heritability values
are low, an expected genetic reduction in the length of dry
period through selection would be small and consequently, the
genetic progress in selection for the trait would be slow,

The use of family selection is called for here.
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Table 2.18. Estimates

of heritability of lactation length for some tropical breeds of cattle

Breed d.f. . Method of estimation . Estimate Reference
East African - intra-sire regression 0.50 Galukande et al (1962)
Nganda 47 intra-sire regression
(first) 0.1140.26 Mahadevan and Marples (1961)

. 127 daughter dam pairs
Northern Sudan)

> R - D. d -
SHCFEHOEH Zelni} of 10 sires intra-sire regression 0.1120.0 Osman and EL Amin (1971)
East African zebu 146 intra-sire regression 0.47:0.20 Galukande et al (1962)
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Table 2.19, Estimates of repeatability of dry period for same tropical breeds of cattle.

Breed R - 5 Su, ; .Emnuom of estimation Estimate _ . Reference

Nganda 35 intra-class correlation 0.15 Mahadevan and Marples (1961)
Renana . intra-class correlation 0.07 Alim (1960)

Northern Sudan 853 intra-class correlation 0.2640.04 Osman and EL Amin (1971)
Maure 49 intra-class correlation 0.26 IICA (1978)

Peul 44 intra-class correlation 0.23 TICA (1978)

East African zebu 567

intra-class correlation 0.12

Galukande et al (1962)
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Table 2.20, Estimate of heritability of length of dry period for some tropical breeds of cattle

Breed d.f, Method .of estimation Estimate Reference

Nganda 35 intra-sire regression -0.5340.32 Mahadevan and Marples (1961)
Northern Sudan) 141 daughter dam

Shorthorn zebu) pairs of 16 sires intra-sire regression 0.06+0.09 Osman and EL Amin (1971)
East Africau zebu 122 intra-sire regression

(first) 0.29+0,22 Galukande et al (1962)




2.6. Phenotypic and genetic relationship between milk
production traits

a genefic relhtionshiﬁ befween two traits is due mainly
to pleitropy, although linkage is a cause of transient
correlation especially in populations derived from crosses
between divergent strains. Pleitropy is the property of a
gene whereby it affects two or more traits, so that if the
gene segregates it causes simultanecus variation in the
traits that are affected (Falconer, 1964). Thus a correlation
resulting from pleitropy affects all segregating genes that
inflﬁences the tréits the genes control. Consequently, where
the genes affecttwo or more characters by increasing them,
a4 positive correlation results, but where one character is
increased and the other reduced, negative correlation results.
Therefore, genetic correlation, rg is the correlation of
breeding values. On the other hand, the association between
two characters that can be directly observed is the phenotypic
correlation. As phenotypic relationship is due to two
causative forces, namely, gehetic and environment, which are

responsible for the observed association among different traits.
2.6.7. Age at first calving and first lactation milk vield

The relationship betweép age at first calving and milk
production in the first lact;tion has been studied by different
workers tsing the correlation, regression and analysis of
variance techniques. The estimates of phenotypic correlations

between these traits found in the literature for some Indian

breeds of cattle are presented in Table 2.21{7A), while the
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estimates of genetic correlations between the traits for the
same breeds of cattle are given in Table 2.22 (A). Most of
the estimates of phenotypic correlations are low and negative.
Only cone of the estimates was moderate in value. Some of the
genetic correlations are low ané negative while others are
moderate to large and negative and some are moderate to large
in values and positive. However, Amble et al (1958) found
that the age at first calving had significant effect on milk
production in the Red Sindhi and Kangayan herds and also
the Thaparker herd. When production in different classes of
age at first calving in different herds was plotted, an almost
linear relationship was observed between age at first calving_
and milk yield in first lactation in Tharparkar and Sahiwal
breeds (Acharya, 1966). 1In the Kangayam herd, milk production
dropped up to the age of 49-52 months and then increased. 1In
the Red Sindhi, the effect of the age on production was not
significant and no relationship was observed between these
two traits. Nevertheless, while Singh and Sinha (1960)
recorded a significant effect of age at first calving on milk
yield at 150 days of the first lactation in Tharparkar cattle,
the effect of age at first calving on milk vyield at 300 - days
of the first lactation was not significant for the breed. Thus
the association between age at first calving and milk yield
at 150 days was curvilinear. Most of the studies made on the
European and American cattle on the relationship between these
workers who estimated correlations between these traits reported
in Table 2.21 did not discuss the nature of this association

but have only made inferences from the statistical significance
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of the estimate of correlation. Thus if the true
relationship in these cases was curvilinear, the linear
estimates would not accurately measure the true association.
Consequently, with a very late age at first calving as in
most tropical African breeds of cattie, hardly any relationship
between the production in the first lactation and the age at

first calving may be expected.

2.6.2. Age at first calving and calving interval

The estimates of phenotypic correlations between age at
age first calving and calving interval as reported on some
breeds of Indian cattle are given in Table 2.21(2), while
the estimates of genetic correlations between the traits
are presented in Table 2.22(A). The estimates of phenotypic
correlations were mostly low. The estimates of genetic

meclium

correlations between the traits were  ~ to high and
positive values and were significant. Thus selection for a

relative early age at first calving would result in reducing

calving interval period.
2.6.3, Milk yield and calving interval

The estimates of phenotypic correlations between milk
yield and calving interval reported on some breeds of Indian
cattle and for Bunaji cattle ére shown in Table 2.21(B). The
estimates of genetic correlatiéns for these traits are given
in Table 2.22(B). The phenotypic correlation estimates varied
from low positive to medium positive values. Lecky (1951)

reported a phenotypic correlation of 0.18 for Bunaji cattle.
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The genetic correlations ranged between low negative to high
positive values. These estimates suggest that an association
exists between milk yield and calving interval and thét
improvement in one of these traits would result in improvement

in the other correlated trait.
2.6.4. Milk yield and lactation length

The only report found on the phenotypic and genetic
relationship between milk yield and lactation length was that
by Chandiranmani and Dadlani (1967) for Hariana cattle. The
phenotypic correlation was high and positive while the genetic
correlation was medium and positive (Tables 2.21(B) and 2.22(B).
The genetic correlation suggests that an association exists
between milk yield and lactation length and that improvement
in milk yield would bring about a corresponding increase in

lactation length.

2.6.5. Preceding dry period and subsequent milk yield

The only report found on the phenotypic and genetic
association between the preceding dry period and subsequent
milk yield was recorded by Dadiaﬁi and Prabhu (1968). These
correlations are given respectively in Tables 2.21(C) and
2.22(C). The phenotypic correlation was medium and negative,
while the genetic correlation was low and negative for Hariana
cattle. The genetic correlation being negative suggests that
as improvement is being made in one trait, there would be a

deterioration in the other correlated trait.
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Table 2.21(A). Estimates of phenotypic correlations among
dairy production traits of some tropical breeds of
cattle

Breed d.£: Estimate References

Age at first calving
and milk production
in the first lactation

Tharparkar 497 ~0.0240.04  Gumani et al (1976)

Sahiwal 164 0.0740.08 " vomo

Hariana 472 0.006+0.44 Singh et al (1968)

Hariana o -0.07 Chandiramani and Dadlami
(1967)

Tharparker 344 0.38 Singh and Sundaresan (1966)

Hariana 291 -0.0140,05  Dutt and Tomar (1971)

Ege at first calving
and calving intervalj;

Hariana 472 0.240.05  Singh et al (1968)
Tharparkar 497 0.07¢0.05  Gumani et al (1976)
Sahiwal - 0.15#0.09  Gumani et al (1976)
Indian Buffaloes - 0.0840.05  Kanaujia et al (1974)

Tharparkar 344 0.09 Sinch and Sundaresan (1966)
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Table 2.21(B). Estimates of phenotypic ccrrelations among dairy
production traits of same tropical breeds of cattle

Breed d.f. Estimate

Reference

Milk yield and calvinc interval:

Hariana 73 0.16
Punaji - 0.18
Hariana - 0.04
Tharparkar - 0.26
Sahiwal - 0.13
Tharparkar 344 0.3040.09

Milk vield and lactation length:
Hariana 87 0.72

Dadlami and Chandirameni
(1968)

Lecky (1951)
Singh et al (1968)
Curnani et al (1976)

n " n LU

Singh and Sundaresan (1966)

Chandiramani and Dadlami
(1967)
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Table 2.21(C). Estimates of phenotypic correlations among dairy
production traits of some tropical breeds of cattle

Breed [ S Estimate Reference

Preceding dry pericd and
subseguent milk yield:

Hariana 73 =0.23 Dadlami and Prabhu (1968)

Ace at first lactation

and length:

Hariana 87 0.19 Chandiramani and Dadlami (1967)

Fariana 391 0.2040.05 Dutt and Tomar (1971)




2.6.6. Age at first lactation and lactation length

The only.feports found on the phenotypic and genetic
relationship between age at first lactation and lactation
length were by Chandiramani and Dadlami (1967) and Dutt
and Tomar (1871) both being on the Hariana cattle. These
correlations are presentec in Tabkles 2.21(C) and 2.22(C)
respectively. The phenotypic correlations varied from
very low non-significant value to medium positive value.

The genetic correlations varied from high negative tc high
positive valﬁe. Only one «of the authors indicated the

method of estimation which was by regression of daughters' -
records on dams records ihvolving 88 daughter - dam pairs.

Age as such exerts effect on production as shown especially

by age at first lactation on the =~ lactation length. The
genetic correlations showed on the one hand that aa improvement
in one trait would result in a cerresponding improvement in

the other trait, while on the other ﬁand, the report of

Dutt and Tomar (1971) showed that an improvement in one trait

would result in a deterioration of the other trait.
Z2.7. Estirates of genetic progress

- Im Nigeria, appreciable amounts of finénce and resources
are devoted tc schemes relat;d to breeding and livestock
improvement, although a National Policy on Livestock breeding
and production is not clearly defined, thus execution is not
properly co-ordinated. It is therefore desirable to assess

the genetic gains that are possible through selection and
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Table 2.22(A}. Estimates of genotypic correlations among
dairy production traits of same trop:.cal breeds of
cattle

Breed d.f, . " Estimate Peference

Age at first calving and milk
production in the first

lactations _

Tharparkar - 497 . 0,39#0.39  Cumani et al {1976)

sahiwal 164 ~0.39£0.6 moow e

Hariana R ~0.13:0,22  gingh et al (1968)

Hariana - -0.28 Chandiramani and Dadlami
T (1567)

Tharparkar 344 0.7740.15 Sinch and Sundaresan (1966)

Hariena TS -0.5440,32  Dutt and Tomar (1971)

2ge at first calving and | |

calving intervals

Feriana 472 0.04%0,25  Singh et al (1968)

Therparker . 497 - 0.42£0.26  Cwmanani et al (1976)

sahiwal . -1 Gumanani et al (1976)

Indian Buffeloes - 0.70:0.23  Fanaujia. et al {1974)

Tharparkar M4 0,70+0,19 Sinch and sundaresan (196€)




A

Table 2.22(B). Estinmates of genotypic correlations among dairy
production traits of some tropical breeds of cattle

Breed d.f. Estimates Feference

Milk yield and calving interval:

Heriana 73 0.19 Dadlami and Chandirameni (1968)
Hariana - -0.08 singh et al (1966)

Tharparkar - 0.89 Curnani et al (1976)

Sahiwal - 0.39 Gurnani et al (1976)

Tharparkar 344 0.7840.14 Singh and Sundaresan (1966)
Milk yield and lactaticn length:

Hariana 87 0.34 Chandaramani and Dadlami (1967)

—_—-

Table 2.22{C). Estimates of genotypic correlaticns among dairy procduction
traits of scwe tropical breeds of cattle

Breed a.£. Estimates Feference

Preceding dry pericd and

subsequent milk yield;

Bariana 73 ~G.11 Dadlami and Prabhu (12€8)

Age at first lactation and

lactation length:

Hariana 87 0.91 Chandiramani and Dadlarmd
' (1967)

Hariana 291 -0.89+0,15 Dutt and Tomar (1971)
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improved breeding methods especially in the herds where there is a
relatively large- concentration of livestock pepulations.

There have been relatively very few attempts at evaluating
genetic improvement through selection in dairy cattle herds
in Nigeria. Robertson (195C0) reported a probable annual
genetic improvement in milk yield of Bunaji cows at Shika
of 5.2 kg, which is 1.4% of the mean milk yield. This genetic
improvement is quite substantial and.is comparable to progress
made in temperate breeds of cows, although it would appear
that the masking effect of envirommental factors have not
readily made this detectable as these effects have not all
being removed. This estimate of genetic improvement was
based on the possible four paths for effecting cgenetic
improvement in milk yield, namely, cow to cow, cow to bull,
bull to bull and-bull to cow and thus reflect the genetic
superiority of the stock used in milk production over a period
of 13 years in which selection was practised and in which the
total generation interval along the four paths by which genes
can be passed from one generation to another was about 25
years.

After correcting for effects of year of calving, Foster
(19€0) using regression techniques, in which first lactation
milk yield was regressed on the year of calving, reported that
the annual genetic improvement in milk yield of the Bunaji
cows was about 1.4%. The regression coefficient obtained Ly

the author was 13.4 ¢ (S.E) 5.0 kg in a study which covered
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a period of 29 vears.

Galukande et al (1962) reported a probable annual genetic
gain in milk producticn for the East African Zebku as a
result of the combined selection applied on the dams of cows
and dams of bulls at three locations in Uganda respectively
as 0.38 kg, 55.6 kg and -0;12 kg; fhe total generation
interval for the respective herd at the three locations were
28.2 years at first location, apé 25,8 years at both the
second and third lactations, i

Osman {19270} recorded a probable annual genetilc
improvement in milk yleld for the Northern Sudan zebu cattle
of 0.02 kg, which represented 0.58% of the herd mean vield
corrected to first lactation, where the total generation
length along the four paths of genetic improvement was 25.8
years. ‘ |

Thus it is obvious thet the probable annuval genetic gain
in milk yield for troplcal breeds of cattle is appreciable
comparable to genétic gain realised in the temperate breeds
of cattle. It is ag such clear that the selection pressure
applied is substantial but that the environmental factors
may mask the-.eese of detecting the potential genetic
improvenment achievaﬁle as regard milk yileld.

The only few reports on the Bunaji cattle in Nigeria
indicate that relative commensurate annual genetic improvement
have been obtained for milk preoduction based on the selection

intensity used. This suggest that possikle gubstantial
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improvement through higher selection pressure within the

indigenous breeds of Bunaji cattle may be retarded as a

result of the prevailing small herd population sizes.
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MATERIALS AND METPODS

The data used for the present investigation are
from two herds, one each of the Bunaji and Sokoto
Cudali breeds. Eoth are dval purpecse, milk-draught
types. They formed part of the cattle herds kept at
Shika stock farm by the Agricultural Deéartment of

Northern Nigeria.
3.1. Farm and the Breeding stock

The area of the Shika stock farm where the two
breeds of cattle were located is. made up of 1,200
hectares and lies within the Northern Cuinea Savannah
ecological zone. The farm is located at latitude
11° 15K, lcngitude 7° 32°F at an altitude of 640 m
above sez lewvgl, The arable area used for production
of feed for the animals wes about 160 hectares during
the period under investigation. The climate is relatively
dry, the rains occur'during May to September, the averaqge
annual rainfall was 2.183 m. The dry season commences
with a period of dry, cool.weather known as the "Harmattan”,
lasting from mid October to January, followed by dry, hot
weather from February to April. Mean annual minimum and
maximum daily temperatures range from 14° to 32°C during
the harmattan season, and from 16° to 36°C during the hot
season, while the relative humidity varies from 25% during
the harmattan to 29% during the ' hot season. The average
temperature and humidity during the wet season were 24.9°C

and 73% respectively.
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The monthly average of some meteorclogical observations
at Shika and Samaru which is about 9 km from Shika is

presented in Table 3.7,

Tekle 3.7. Menthly average of same metorological chservations at

Shika® and S
Temperatures | Pyverage huridity Rverage
rainfall
Bverage Average Average PaI. (m)
Morth  maximam minimm (%) (%) Shika,
{°c) (°C) Samaru 1936-1957  1934-57
January  31.3 14,2 29,7 13.9 0.00
Febrvary 33.1 15.9 24,4 12.7 0.056
March 35.6 19.6 %.6 16,0 0.123
2pril 36.2 o217 56.1 | 26.6 0.755
May 33.2 21.2 74.4 46.8 2.951
June 31,1 . 2001 2.7 59.4 3,515
July 28.6 19.6 7.2 68.7 5.099
Iugust 27.7 19.4 89.5 72,5 7.668
September 29.4 - 19,3 . 85.9 64.9 5.102
Cctaber  31.7 18.6 76.8 45.8 " '0.882
Noverber 32.3 -~ 15.9 - 43.7 32.0 0.039
December 31,1 14.3 30.5 16.8 0.00

Sngishi E.C. (1985}

Proster, W.E. (1960)



'.ﬂ}E.aqimﬁnxmal.herd of Bunaji was established in
1929 with 110 cows and 15 bulls acquired from nomadic herds,
The female stock was selected on the basis of health and
udder developrent, although the animals were not performance
tested before purchase. Bdditional 24 cows were purchased
in 1943, from which 17 heifers were born by these cows.
The bulls were selected on the basis of conformation and
docility. Two bulls were added to the bull stud in 1943.
| The experimental herd of Sokoto Gudalil cattle was
established in 1933 with 14 cows and 1 bull. Further
additions of animals were not made until 1938, when the herd
totalled 232 cows and € bulls. The selection. of both the
cows and bulls of the Sokoto Gudali breed was on the same
criteria as that for Bunajl stock.

For the Bunaji cattle experimental herd, cows were
randdmly divided into groups of fifty animals each and one
of the: stud bulls was randomly assigned to each of these
groups. The objective was to carry out progeny testing of
the foundation bulls and of first generation bul;sf However,
in 1946, a policy of line-breeding was started, with
individual mating being used.

28 this policy of line breeding was felt would increase
inbreeding in the herd resulting in decrease in birth weight,
viability and calf survival, the line-breeding pelicy was
discontinued in 1954, and matings were arranged tc reduce

possible inbreeding to a minimum level possible,
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In the Scokoto Gudali experimental herd, cows were
randomly divided into groups of 45 animals each and one
out of the stud bulls was randomly assigned to each of
these groups. The same policy ¢f linebreeding was employed
with the Sokoto Gudali cattle and was also discontinued in

1954 as was in the case ¢f Bunajil cattle.
3.2. PFeeding and management

The animals of both experimental herds were maintained
uniformly, being kept in fenced paddocks during the day but
brought into cpen sided-roofed enclosﬁrés ét mighkt through- ..
out the .period of 1929 to 1958.

Calves were bucket~fed for the first three months of
their life, thereafter being maintained ﬁn concentrate ration
until they were weaned at nine months of age. 2after weaning,
the animals were given further concentrate ration fcr nine
months. At 18 months of age, helfers and bull calves were

separated, after which combination of a concentrate and
roughage maintenance raticn were fed only during the ' dry
season, The concentrate ration fed was compcsed of varicus
fractions of sorchum and bran, cotton seed, groundnut cake,
dried bleceod, soyabean and palm kernel meals. 7The sweet
potato vines and tubers, muctna hay, sunflower and maize
silage and dried sorghum leaves were fed as rcughage. 1In
the wet seascn, grazing rotationally on sown Mucuna/Digitaria
pastures or improved savanna was employed for maintenance
and supplemented with concentrate ration for milk production

and work, ' , ST



- . - S 79

leifers were mated the first time at akout 230 kg but
this was reduced in 1951 to about 218 kg, Pulls were used
for service between 23 months and 8 years % months, with
the averace age heinc 4 years and 6 months.
) Cows were milked twice per day.by hand, with the calves
’kept at foot to induce milk letdown. In 1951, a small -
proportion of cows, were machine milked. There was no fixed
stage at which lactations were completed, although cows
giving less than 2.3 kg milk/day were dried off., Milk yield
of each cow was recorded daily.

All new calves were ear-tagged within 24 to 48 hours
cf birth and weighed. At weaning all calves were branded
and performance of each animal were documented regularly.

Routine vaccinations were given to calves against i}
rinderpest, while regular vaccinations against trypancsomlasis,
helminthiasis, and other contagious diseases wer¢e also civen.
Animals were sprayed recularly acainst ticks and other
ectoparasites. 2nnual tests against brucellesis and
tuberculosis were carried out. ZEnimals had access to trace

minerals in the form of salt block and clean water at all

times.
3.3. Selection of breeding stock and breeding policy

In the case of bulls, sélection was based primarily
on milk producing ability of their ancestors, while
consideration was given aisc to docility and cenformation
of the bulls themselves. Thus bulls whose dams have
lactation lengths comparable or ketter than the herd average

and give milk yield ©f 900 kg or more in addition to possessing

- * *
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possessing desirable body conformation were retained while
those kbulls falling below in performance were culled.

For the cows, milk vield, length of lactation and
regularity of calving of the animals wefe the principal
criteria uvsed. Poor yielding ccws, buﬁ not their progeny
were culled from the herd generaily after two lactationes.
In addition, all milking female stock either cows or their
progery whose milk yield were below 900 kg per lactation
were culled from the herd. For heifers, those not attaining
a live weight- of 227 kg by 3 years of age were alsc culled.

The total records were 3367 of some 825 animals of
which 2378 records of 559 cows were for Punaji breed, while
989 records of 24€¢ cows were for the Sokoto Gudali breed.
These records cof the two breeds covered a periocd of 24 years,
l.e. 1924 toc 1957 inclusive. Scme 262 records of the two
breed of cattle were excluded, 201 records were for Bunaiji
cattle while 61 records were for Sokoto Gudali cattle. The
records excluded low prcduction, mastisis and death are
presented for Bunaji cattle and Sokoto Cudali cattle in
Takles 3.2 and 3.3 respectively. Consequently, the total
nunber ©f records available were reduced to 2177 records of
545 cows for Eunall cattle and 928 records of 216 cows for
Sckoto Gudali cattle, making a total of 3105 records of 761

anirals.
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Table 3.2. Causes of disposal of animals from the herd for
Ewmeaii cattle

Numberr of records Percentage

Causes disposed

1. Low production i 46 1.5
2. 014 age and infertility 60 2.5
3 Mastisis and other uwdder disease 19 0.8
d. Debility and weakness 18 0.8
5. Tuberculosis 4 0.2
6.  Death - | 54 - 2.3
Total A 209, . . - 8.5

Table 3.3. Causes of disposal of animals from the herd for Sokoto

Cudalil breed
_ Nunber of records Percentage

Causes disposed

1. Iow production 12 1.2
2. 0ld age and infertility | 18 1.8
3. Mastisis and other wider disease 6 . 0.6
4. Debility and weakness 9 0.9
5- Tuvberculosis o . . 1 0-1
6.  Death : / | 15 1.5

Total Y - 6.1
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3.4. Statistical Pnalysis

The milk producticn in the first 305 days of lactation milk
yield, age at first calving, calving interval, lactation length,
length of dry period and milk yield per day of calving interval
were the ecoromic dairy traits for which phenotypic and genetic
peranveters were desired. These characters as shown in the review
of the literature are important conpenents of profitable production
in the dairy operation., 2lthough all lactation records
in the case of economic traits were included in the
requisite analyses and the adjusted first three lactation
milk vield records in the appropriate analyses of genetié
and phenotypic parameters, it is @ppreciated that the use
of only the first lactaticn milk vield records in the
computation of genetic parameters have the following

desirable benefits:

a; 21} mature helfers were maintained so as Lo conplete
- at least the first couple of lactaticns in the herd,

thus any voluntary selection made would rarely
introduce any bias in the estimates from the first
lactation record,

b; . The first lactatiocon records for each breed gave
comparatively the 1argeét volume of data,

Ca The first lactation records are expected to be
relatively less Influenced by environmental and
physiological factors than later records and as

such require fewer corrections for effects of these
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factors thus consequently introducing less bias in the
estimates obtai ned of both genetic and phenotypic
paraneters.

d. As it was desired to express the later |actation
production in ternms of the first record so as to
correct for age differences, inclusion of only the
first lactation in the analyses would result in little
bias fromerrors in age correction factors.

In view of the above genetic paraneters conputation was
made separately for the first three lactation mlk yield as

well as all lactation conbi ned.
3.4.1. Effects of environnental factors

Separate variance anal yses for each breed and for each
of the economc traits were conputed in which the effects of
year of calving, nonth of calving and parity of calving were
i nvestigated. Variance analyses were also made for the two
breeds conbined to investigate the effects of breed and other
environnental factors on each of the economc traits. Analyse
on the various traits were made for normal calving only.
In the case of birth weight of calves, sex of calves was al so
included as a factors along with other environnental factors
in the variance analyses. |In the analytical nodels, sone
economc traits were included one at a tinme to study if the
significance can be reduced or renoved. All variance anal yses

were conputed as outlined by Snedecor and Cochran (1967).
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Factors such as breed, year and month of calving,
lactation numker, parity and sex of calf (for birth weight
only) were assumed to have fixed effects. The effect of
each subset of constants were estimated by least squares
procecdures (Farvey, 196C). 2As the data have unequal
subclass numbers, appropriate mathematical mocdels were
formulated in each case. This was achieved by constructing
a 48 x 48 systems of normal equations (1 mean, 9 lactations,
24 year, 12 months and 2 breed) for each of the dairy traits
except for birth weight which had sex in the equation,
making it a 50 x 50 system of normal equations. The equations
were reduced to full rank of 44 x 44 systems in case of all
traits while that for birth Qeight was 45 x 45 system, by
substracting from each subset the equation which appeared
last. This prccedure as such ensures that the sum of the
effects within each subclass equals zero. The reduced system
wae sclved cn a high speed computer CDC Cyber model 72. The
size of matrix that could be handled precluded accounting
for individual, first,_second or even third order interaction
terms.

The model used in the least squares analysis of a trait

ie described as follows:

Y . = - .. hl
ijklr p o+ Ai + Bj + Ck + D1 + Lijklm
where
¥ 4 . th
ijklm = the ijklm animal's record
= the effect common to all animals
A = the effect of the ith year of calving
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Bj = the effect cf the jth month of calving

Ck = the effect of the kth treed of cow

Dl = the effect of the th parity of ccow number

E h

ijklm= the random effect associated with the ijklmt
animal,
The envircnmental and breed effects and their significance were
tested by ¥ - test, whi‘ﬁ,significance between two neans
within a subset were evaluated ky t - tests, where

. 53 T a, = a.

i -3
S(ni - nj)
where ai and aj are means within a subset S is standard
deviation ny and nj are samples number for the means a,
and a,.
: 3

3.4.2. Estimation of genetic and phenotypic parareters

The constants obtained for the effects of year of
calving, month of calving, parity of calving and sex of
calves (for birth weight only) were used to adjust the data
for the appropriate traits for each breed of cattle. The
additive correction factor (Cundiff et al., 1966), was used
to adjust the records for each trait. From earlier study
additive ccrrection had a lower variance than the
multiplicative correction factor. Within each breed of sire
groups, least squares analysis was carried out fitting
constante for sires and progeny's records sired by the same

sire.
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The model usedias follows:

Y oo o
iik = B+ Si + Rij + Eijk
where Yijk = the ijkth animal record
n = the effect common to all aninals
Si B the effect common to the ith sire
'y 4 - the effect common to all records cof
. the jth progeny sired by the ith sire
E;. " th
ijk = the random effect of the k =~ record

of the jth progeny from the ith sire.
The sires included in the computation of the sire component
were those with a minimum of five daughters and each daughter
having a minimum of four lactation records. Eut sires used

(A" eré
for corputations based on first * lactation records of their

daucghters. A

In the estimation cf heritability, geretic and
phenotypic correlations for first the first three and all
records as the case may be, corstants obtained for environmenta.
effects and for sires and progeny recorde within sires wvere
used to adjust the data within the respective gire groups
for each kreed, this leavés.cnly the variation ketween sires.
AZnalyses of variance and covariance were computed within
these sire groups, and for each breed. E£ire variance and

covariance were separated into the between -~ sire varlance

and coveriance and the within - sire variance and covariance.
3.4.2.1. PFerijtability estimation

The components of variance for between sire (ols)

and within - sire progeny groups (U’w} were calculated as
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follows:
2 - R, |
o = i
X
where 0; = Means squares within sires
Ué = Means squarec between sires
K = average number of progeny per sire
K = 1 (n. = Ini?) (Becker, 1964)
s=1 3
where S = number of sires

n. = total number of progeny for sires
Ini? = sum of squares of progeny for all sires
Assuming a relationship of 0.25 among members of a
sire group, half-sibs, additive genetic variance, under
the assumptions of no interaction among non-allelic genes,
no genctype - environment interaction, no effects due to
sex - linkage and nc random mating, the additive genetic
A

variance, UR = 402 . Using the paternal half-sib
(=]

correlation, heritability is calculated as:

2 - 2
h oc
2
°R
- 2
= 408
ufa, -+ c;
2 2
where % = 4%
2 - 2 2
Gp - O'S + O'w
03
G = Genetic variance
o; = Additive genetic variance

h? = heritability in the narrow sense
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However, oy, will contain some variance due to the interaction
among the additive effects of non-allelic genes and also the
variance due to any other factor correlated with the sires.

The standard errcr of heritability estimates was

* obtained using the simplified formula by Robertscn (1958}

" whick is described as follows:

+

S.E., = (h? + .:-E; e
- _ , N
'~ where K = average number of progeny per sire
e N = number of sires
o ._ _h’ . = heritability estimate

3.4.2.2. Geneﬁic correlation estimation

Genetic correlation was estimgted from the analyses
of variance and covarjance, using the paternal half-sib
data that were adjusted for all effects as described under
section 3.4.2. The genetic correlation between traits i

and 3 can be expressed as:

>

g T °s1s5 .

(Uéi + U;jli

where r = the estimated genetic correlation

g
' - between traite i and j,
ogfaﬁig;j = estimates of the genetic variance of
’ traits. "
2
IUSiSj = an estimate of the genetic covariance

between traits.
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Covariance were calculated using the relationship

var ;
(i+3) Var(i} + Var(j’ + 2 Cor(i’j)

Thus Cov iy = i - o _
(i,3) ol EVar(i+j) var ., Var(j)]

The standard errcr of genetic correlation was calculated

according to the method of Robertson (1959} and is

described as:

S.E
‘r = 1 =1 [(S8.E.h?) (S.I-..h’.};
g al i 5044
h? h?
T T
where S.E.hi and S.E.hg = gtandard errore of heritabilities

for traits i and j.

s = genetic correlation between traits

i and j.

3.4.2.3. Phenotypic correlation estimaticn

The phenotypic correlation were estimated through

covariances as:

’.L, ‘L
4 = . o (o4
g : sisj + eiej
({0 + o?) (02 + o0*)} &
( Si ei Sj 5
wher *
= 0SiSj = an ectimate of genetic covariance kbetween
traits,
o * .
Ue and oe B estimates cf the environmental variance
i 3 a
of the traits)ae e = 20 estimate of the

i]
environmental covarliance between the

trailts.
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The phenotypic correlation ketween two traits can
alsc be computed as a simple {linear or preduct moment)
correlation between the traits after adjustment for

environmental and other effects discussed earlier, following

the methods of Snedecor and Cochran (1967).
3.4.2.4. 2ge correction factors

The éffect of age on production was studied in the
present investigation by gross comparison metheod (Gowen,
1920), in which the averages of all records made at
different ages were compared by expressing the milk yield
in different lactations as a percentage of the first,

As this method has the weakness of not necessarily comparing
the lactations of the same animal, the effect of age on
production was also studied by the paired comparison method
(sanders, 1928), in which a comparison was made between

each consecutive pair of records of the same groups of cows
by expressing a previous rgcord as a percentage of the next
in a consecutive.pair of records, and than expressing
subsequent records as a percentage of the first by multiplying
with the percentages. However, selection would introduce

a bias in the opposite directicon to that encountered for

use of gross comparison, since in paired comparison,
lactation records are only igcompletely repeatable. As 2
result, the effect of age on production was also investigated
in the present study by expressing the later records as a

percentage of the first records of the same cows and also
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by expressing deviated later records from the years means

as a percentage of the first records of the same animals.
3.4.2.5. Repeatability estimation

Repeatability estimates were computed in the study
as an intra-class correlation obktained from the analyeis
of variance of the different records of the same cows. The
production reccords of an individﬁal can be described as:

Y = [ # C + E

ij i ij
where Yij = the record cf the ijth animal
1 = the effect common to all animals
Ci = the effect common to all lactations of
the ith_cow.
Eij = the random error associated with the
th

record of the 1 COW.,

It is assumed that:

N 2 - 2
E (Cil = 0 and E {Cil = %
It is also assumed that:
2 V.
E (Eij) 0 and E [ij) = O

Thus repeatability as an intra-class correlation oktained

from among and within cow analysis can be defined as:

_ 2
r OC

2 2
OC + oe;

estimate of cow variance

n

where (o]

0N O

estimate of the error variance
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3.4.2.6. Estimation of genetic gain

Estimates of genetic gain were obtained in the present
study from the direct selection for the dams of cows and
dams of sires. The phenotypic selection differential for
the 305-dey milk yield for each breed was obtained for the
dams of the cows. For the dams of sires the estimate of
superiority of their damg first lactation was obtained as
deviation from their contemporarys' means.

The genetic gain: - -

&G = icph2 (ILCA, 1978; Touchberry, 1267)
where i = Selection intensity .
- Selection differential
g : :
P . :
Gp = phenotypic standard deviation
. ’ -2 2
- - : of + o ;%
H
cS = sire variance comporent for trait
o; = within variance ccmponent for trait
h? = heritability estinate for trait
Cenetic gain per year = ioph’
(AG/yr) _ generation Interval

The generaticn interval was a sumraticn of the generation interval
for dams anc sires based on population survival paraneters, according

to the rethod of ILCA (1978).
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RESULTS AND DISCUSSION

L2ACTATION TRAITS

4,1. 305-cay milk yield
4.1.1. First lactation 305-day milk yield

4,1.1.1. EFesults

The analysis of variance for effects of breed, year
and month of calving on 205 day first lactation milk
yield is given in Table 4.1. There were no significant

b "L"t

differences (P>0.05) for the effects of breed, year and
hael Sigmfrcanf-effect (F<@ c3) A
month of calvinc,on the first lactation 305-day milk yielc.

The least squar;i estimate for first lactation milk yield
is shown in Table 4.2. Results indicated that the mean
first lactation milk yield was €13.9 kg. The first
lactation milk yield ranged from €09.6 kg in 1953 to 1036.7
kg in 194&%. The first lactation milk yield was 813 kg
and 815 kg for Eunaji and Sckoto Cudali breeds respectively.
2ge at first calving was included as a covariate
in the model tc examine its effect on first lactation milk
yield. Its effect was non significant (>0.05) (Table 4.3).
Separate analysis of variance computed for each breed
revealed ro significant effeéts (P>0.C5) of year and month
of calving on first lactation milk yield for Bunaji breed
(Appendix 1, Table 1), but significant effects (F<0.05) of

month of calving on first lactation milk yield for Sckoto

Gudali breed (Appendix 1, Takle 2).
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The separate least squares estimates for Bunaji and Sokoto

Gudali breeds are presented in Appendix 1, Tables 2 and 4).
Pge at first calving was included as a covariate in

the model to evaluate its effect on first lactation milk

yield separately for Bunaji and Sokoto Gudali breeds. Its

effect was not significant (P>0.05) in the case of each

breed {(Aprendix 1, Table 5; Appendix 1, Table 6). The average

first lactation 305 day milk yield pocled over years and

ronths respectively are given in Figs. 2 and 3 for the two

breeds.
4.1.1.2. Discussion

The values recorded in the present study for the first
lactation 305 day milk yield although lower than that
reported by Johnson et al (1984) for Bunaji and Sokcto Gudali
breeds, were larger than that recorded by Knudsen and Efchael
(1970) for Bunaji and fall within recorded values for zebu
breeds.

The fact that inclusion of age at first calving as a
covariate in the model toc deternine its effect on first
lactaticn milk yield revealed a non-significant effects weuld
indicate that in these breeds age at calving is not important
ané has no apparent influence on the first lactatiocn 305
day milk yield. It is probable that the age at calving is
comparable within the population of the breed used in these
study. However with mature heifers calving for the first

time having divergent ages, the effect on 305 day first
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Table 4.71. BAnalysis of variance for effects of breed, year and
renth of calving on first lactation milk yield of
Punaji and Sokcoto Gudali cattle

Source of D.F. Mean squares F. Significant

variation i kag® )x (1 04 )_ value level
Main effects 35 24 82 1.17 0.24
Breed .1 0.05 0.00 0.96
Year 23 23.67 S [T 0.83
Month N 27.83 .81 0.23

Residual - 667 21.29 o= -

Total 702 21.46 - - -
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Table 4.2, Estimated least squares constants (L.S.C.) and means for
first lactation milk yield (kg) for Bunaji and Sckoto

Cudali cattle
Class Nurber of L.5.C. Mean S.E.
animals
Overall 703 - 813.91 17.41

Year of calving:

1624 18 -0.13 813.78 108.82
1935 33 153.64 967.55 80.24
1936 25 26.15 840.06 92,28
1937 34 41.06 854.97 79.14
1938 30 41.43 855.34 84.20
1939 18 49.76 863.67 108.82
1840 29 27.65 841.56 85.60
1541 41 =-11.76 802.15 72.10
1942 28 -52.56 761.35 87.22
1943 48 -144.36 669.55 66.58
1944 44 -41.28 772.63 69.59
1945 34 -18.64 : 795,27 79.14
1946 35 -34.51 77¢.40 77.94
1947 37 4,56 818.47 75.89
1948 22 222 .80 1036.71 98,38
1949 16 -160.30 653.61 115.35
1950 24 112.56 92¢.87 94,16
1951 34 i 887.64 79.14
1952 25 -42.81 7711.10 92.28
1953 20 -204.30 609.61 103.22
1954 23 -90.08 723.83 96.13
1955 53 81.03 894.94 63.36
1956 19 -10.55 803.36 105.83
1957 13 -23.49 790,42 127.81
Mcnth of calving:
January €6 58.96 872.87 56.82
February 57 143,40 957.31 61.11
March 51 -29.16 764,85 64.62
Ppril 54 15.94 829.85 €2.78
May 56 9,64 823.55 61.69
June 82 -81.60 732.31 50.93
July 44 ~64.69 . 749.22 69.59
August 60 90.11 904.02 59.54
September 6E 4.33 £16.24 56.82
Qctcbher 51 ~52.02 761.89 64.62
" Novenber 45 -100.70 713.21 68.76
Decenber 71 5.79 819.70 54,73
Breed of Mnimals:
Bunaji 462 -0.%4 812,97 21.47
Sckoto Gudali 241 0.94 814.85 25.73

Within variable groups, row means followed by the same letter do not
differ significantly (P>0.05). If no letter is used it indicates that
:ﬁi variable did not show a significant difference in the analysis of
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Table 4.3. 2nalysis of varlance for effects of breed, year and
month of calving on first lactation milk yield (kg}
with age as a covariate for Bunaji and Sokoto Cudali

cattle

Source D.F, Mean squares F Significant
variation fkg? ) x (104) value level
Covariate
Age 1 3.67 0.17 0.68
Main effects 35 19.09 0.90 0.63
Breed 1 0.68 0.03 0.86
Year 23 22.02 1.04 0.41
Month 1" 13,24 0.63 0.81
Pesidual - 597 21.11 - -

633 20.98 - -

Total

Covariate Age b = 0.C3
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lactation milk yield may present a different pattern from

the present observation.
4.1.2. Rl11 305 day milk yield

4.1.2.1. Pesults
The analysis of variance for effects of breed, year
anc¢. menth cf calving and parity on all 305-day milk yielé

&és shown in Table 4.4. The effect of breed was not significant

(F>0.05), but the effects of year and month calving as well
as parity were all very higkﬁsigﬂificant (P<0.001).

The least squares neans for 305-day milk yield was
1046 .9 kg (Table 4.5). PResults indicated that the least
squares means varied from B48 kg in 1947 to 1195 kg in 1952.
The years 1942 to 1948 showed marked reduction in mean 305
day milk yield.

Dry period was included as a covariate in the model to
determine its effect on 305 day milk yield. 1Its effect was
highly significant (P<C.C01) (Table 4.6).

Calving interval was included as a covariate in the mcdel
to determine its effect on 305 day milk yield. TIts effect was
highly significant (P<0.001) (Takle 4.7).

The analysis of variance when the 305-day milk yield was
expressed as a deviaticn froq the years means confirmed the
non-significant effecte of breed, while the significance levels
of both month and parity were unchénged as expected (Table 4.8).

The analysis of variance in which the 305-day milk yield
was also deviated from the years' mean and season of calving

was included in the model in place of month confirmed the
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Analysis of variance for effects of breed, year
and month of calving and parity nurber on 305-day milk
yield of Ewnaji and Sckoto Cudali cattle

Source of D.F. Fean sc;uares' F. Significant
variation ka?) x (10°) value level
Main effects 43 20.01 9.58 0.001

Ereed 1 1.52 0.73 0.29

Year 23 15.97 7.65 0.001

Month 11 5_1.25 4.43 0.001
Parity 8 52.51 25.15 0.001
Residual 30€1 2.09 - -

Total 2104 - -
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Table 4.5. Estimated least squares constants and means for 305~day
milk yield (kg) of Punaji and Sockoto Cudali cattle
Class Muber of i e 0. Mean S.Ee
animals
Overall: 3105 1046.91 8.20
Year of calvirig:
1934 84 70.02 1115.932 49,83
1935 102 20.58 1067.49;  45.24
1936 116 47.69 1094.60 42.43
1937 132 60.27 1107.182 39,77
1938 134 62.08 1108995 39.46
1939 127 -33.52 1012.39°.  40.55
1940 115 35,52 1082,43,° 42.63
1541 145 -40.15 1006.76,°  37.95
1942 131 -50,02 956.89°  39.91
1942 160 -147.89 899,027  36.12
1944 193 ~187.54 859.37,  32.90
1945 161 -115.44 927.475  36.01
1946 191 -111.16 935.73  33.07
1947 215 -198.56 848.35)  31.17
1948 154 -90.,66 956,25 36.82
1949 96 157.7¢ 1204.7 46,63
1950 97 127.74 1171.65°  46.39
1551 100 120.58 1157.49§P 45.70
1952 131 148.89 1195.80.F  39.91
1953 150 22,45 1069.365  37.30
1954 90 23.55 1070.46.  48.15
1955 122 67.20 1114.113 41.35
1956 116 112.16 159,07, 42.43
1957 43 -54 .56 992.35°  69.66
Parity Mumbers:
1 703 ~-212.52 833.99  17.24
2 686 -190.30 €56.30,  17.45
3 546 -81.09 965.82;  19.55
4 412 -40.86 100€.05 22.51
5 208 64 .08 1110.99§ 26.486
6 217 125.89 1172.80 31.02
7 142 30.57 1077.48? 38.34
8 77 123.95 1170.86,  52.10
9 22 . 180.68 1227.5¢"  80.73
Month of calvirg:
January 182 85.63 1132.54% 33.87
February 146 102.17 1149.08b 37.83
March 149 45.11 1092.02 37.43
April 192 -0.43 1046.48: 32.97
May 179 -5.87 1041.04  34.15
June 194 -83.94 962,97 32.80
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Table 4.5 {Continued)

Class Nurber of L.5.C. Mean S8.E.
Animals

July 161 LT 1008470 36,07
Aucust 165 2671 1073.62]  35.56
September 224 ~28.27 1018.647  30.53
Octcher ; 212 . 50,41 996,50,  31.3¢
November 191 - —87.77 959.145  33.07
Decerber 182 34,81 1081.72°  33.87
Freed of Animals: ' ) '

© Bunaji 2177 -7.75 1039.16 9.79
Sokoto Gudali 98 . .. ... "I 1054.66  15.00

Within variable groups, row means followed by the same letter do not
differ significantly (P>0.05). If no letter is used, it indicates
that the variakle did not show a significant cdiffererce in the analysis
of variance.
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Table 4.6. 2Analysis of variance for effects of breed, vear and month
of calving and parity on 305-day milk yield with dry
- pericd as covariate for Bunaji and Sckoto Gudali breeds

Source of L.F. Mean squares F Sigrnificont
variation : (kg®) =x. (10€) value level
Covariate
Dry pericd 1 59.11 g 351.16  0.001
Main effects 43 - 1.89 11.22  0.001
Ereed . 1 0.77 4,59 g.c3
Year 23 1.53 9,44 0.001
Morth B N R & 434 0.001

| Parity T8 433 25.74 0.001
Residual 2507 0.17 - -
Total W 02 - -

Covariate dry period L = -0,86

Table 4.7. Analysis of variance for effects of Lyeed, year and month
of calving with calving; interval as covariate on 305 day
milk yield of Ewnaji and Sckoto Gudali breeds

Source of D.F. Mean squares F Sicnificant
variation .. .. .. .. .. .tkg?} x (164} .. . valee level
Covariate

Calving interval 1 437,97 20.28 0.001

Fain effects 35 13€.43 6.32 0.001

Ereed - 1 6.28 - 0.01 0.91

Year 23 175.90 8.14  0.00

Month 1 71.76 3.32 0.001
RPegidual . 23e5 21.60 : - - '

Total . .. .. 2401 .. ..23,45 .. .. .. .. . o= ... =

Covariate calving interval b = 0,27
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Table 4.8. HMnalysis of variance for effects of breed, year and season
of calving and parity on 305~day milk yield expressed as
deviation fram yearly means for Punaji and Sokoto Gudali

breeds.
Source of D, F. Mean squares P Significant
variation (kg?) x (10°) value level
Main effects 20 12.02 5.76 0.001
Freed 1 1.52 0.73 0.394
Month 11 9.25 4.43 0.001
Parity & 52.51 25.15 0.001
Regidval 3084 2.09 - -
Total 3104 2.23 - -

Table 4.9. 2Analysis of variance for effects of hreed, year and seascn
of calving and parity on 305-day milk yield expressed as
ceviation fram yearly means for Punaji and Sckoto Cudali

breeds.
Source of D.F. Mean squa.re? F. . Sianificant
variaticn o ka?) x (10°) value level
Main effects 11 13.€6 6.51 0.001
Ereed 1 2.59 1.24 0.27
Season 2 24.57 11.70 0.001
Parity 8 52,39 24.%6 0.001
Residual 30¢e3 2.10 - -

Total 3104 2.23 - -
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earlier resﬁlts, the season of calving was highly significant
(P<C.CO1).

Other variance analyses for effects of year, month and
parity on 305-day milk yield showed the three effects as
being very highly sie¢nificant (P<0.001) for Bunaji breed
{(Appendix 2, Table 7}, but vear and parity were not significant
for Sokoto Gudali breed (Appendix 2, Table 8}, The least
squares estimates for Eunajl and Sckoto Gudali breeds,
respectively for 305-day milk producticn are shown in Appendix 2,
Tables 9 and 10, The average 305-day milk yield for all
- lactations: grouped over the years and months respectively are

presented in Figs., 4 and 5 for both breeds.
4.1.2.2. Discussion

The marked reduction in mean 305 day milk yield from
1942 to 1%4€ may be due to the poorer feed supply especially
the available forage resulting from the effects cf the
prevailing weather conditicon in those years. The significant
effecte of year of calving and parity on 3C5~day milk yield
found in this study ig in acccordance with the report of
Johnson et al (1984) for both Bunaji and Sckoto Cudali breeds.
| The mean yields recorded in this study fall within the range
635 kg and 1130 kg reported for purebred zebu cattle (fArmcur
et al., 1961; Knudsen and Soh%el, 1870) .,

The least squares means for the effect of parity on 305-
day milk yield showed a steady increase from parity one to

nine except for parity seven where a decline occurred,
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Milk yield is expected to rise from the first parity and
peak at abcut the sixth lactation when a decline may set
;n’thus the observation in this study is as expected, but
the increase in yield in parities eight and nine may be
attributed tc the markedly smaller nurbers of animals in
milk, the lower producing cows having been cullead.

The effect cf.month of calving on milk yield revealed
that with the exception of Rugust, milk yields of the
animals commencing lactation during June to November were
lower than those of the animals ccrmmencing lactation in
‘other months. It woulc appear that animals calving in the
dry season had good nutrition during the latter part of the
lactation. Since milk yield increased as lactation progressed,
it appears that nutrition during the latter part of the
lactation was more important than during the early part. The
lower milk yield during June to November cannot be properly
attributed to a lower persistency, because it was fluctuating
ané not steadily declining as would be expectec in a declining
persistency. It would thus be desirable to rafe the cows
such that they can calve in the dry seascn and be in a
position to take advantage of the forage availakility during
the latter part of their lactation to boost the overall
lactaticn milk yield.

The results indicated th;t both dry period and calving
interval exerted significant effects on the 305 fday milk

yield when they were each included as a coveriate in the mcdel.
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This being the case,these effects should be adjusted for

in order to properly appraise the 305 day milk yield. It

is desirable to ensure that the dry period is not unduly

long as this tends to reduce lactation length and eventually
the milk yield, The calving interval as a dairy trait

should be such that cows should calve yearly and not once

in a2 year and half or even two years. A long calving interval
lezves little room for a prolonged lactation, which should

be desirable for profitable milk yield.
4.2, Yield per day of calving interval
4.2.1. Results

The analysis of variance for effects of bkreed, year,
menth and calving interval number is presented in Table 4.170.
Results showed very highly significant effects (P<0.CC1) of
year, month and calving interval on milk yield per day of
calvirg interval, but the effect of breed was not significant
(P>C.C5),

The least squares estimates revealed that the overall
milk yield per day of calving interval was 2.42 kg (Table
4.11). The milk yiel@ varied from 1.87 kg in 1944 to 2.5
kg/day in 1937. 1lower milk vield per day occurred in thLe
years 1944, 1545 and 1947. :

Considering the effects of months, milk yield per
day varied from 2.2 kg/day in November to 2.7 kg/day in

January.
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Teble 4.10, 2nalysis of variance for effects of brecd, year, month
. of calving and calving interval number on milk yield
per day of calving interval for Bunaji and Sckoto Gudali

breeds
Source of D.F. Mean squares F, Signi.
veriation (ke? ) value level
Main effects 42 12,51 8.53 0.001
Breed 1 0.28 0.192 0.66
Year 23 10.€6 1.41 0.001
Month 11 4.€1 315 0.001
Calving interval
Munker . 7 33.67 22.96 0.c01
Resicual 2519 1.47 - -

Total 2561 1.65 e -
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Table 4.11. Estirated least squares constants and means for milk yield
per day of calving interval for Punaji and Sckoto Gudali

breeds
Class Nurber of L.8.C. Mean S.E.
Animals
Overall 2562 - 2.42 0.024

Year of calving:

1934 68 0.190 2,61y, 0.147
1935 73 0.020 2.44. 0.142
1936 54 0.394 2.815 0.125
1937 99 0.482 2,905 0.122
1938 105 0.470 2.89¢ 0.118
1939 110 0.164 2.58° 0.115
1940 8% 0.372 2.79¢ 0.128
1941 108 0.83 2.5 0.117
1942 103 0.034 2.4 0.119
1943 116 -0.194 2,237 0.112
1944 151 -0.553 1.87? 0.098
1945 195 -0.454 1.97% 0.087
1946 166 -0.339 z.oag 0.094
1947 187 -0.433 1.99 0.089
1948 143 -0.259 2,16 0.101
1949 84 0.313 2,73 0.132
1950 76 0.059 2,48, 0.139
1951 89 0.167 2.59 0.128
1952 119 0.204 2.62, 0.111
1952 146 -0.106 2.31° 0.100
1954 82 -0.198 2.223 0.134
1955 73 -0.259 2.16 0.142
1956 101 0.231 2.655 0.120
1957 45 -0.,388 2,039 0.180
Month of Calwirg:
January 211 0.250 2.67;, 0.083
February 160 0.219 2.64, 0.096
March 171 0.228 2.65 0.093
April 201 -0.018 2.40% 0.085
May 218 -0.064 2.36 0.082
June 203 -0.194 2,237 0.085
July 197 . 0,094 2.33 0.086
Angust 228 0.025 2.45% 0.081
Septenber 274 -0.092 2.33, 0.060
October 262 -0.158 2.26, 0.075
Noverber 233 -0.111 2.31 0.079
Decenber 204 0.009 2.439 0.085
Calving interval mmber:
1 735 -0.333 2.092 0.045
2 591 -0.085 2,34 0.050
2.64 0.058

3 433 _ .. .0.215
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Table 4.11 (Continued).

Class Nurber of L.S.C. Mean S.E.
Animals
4 308 0.423 2.84S 0.069
5 226 0.529 2.95? 0.081
6 153 0.317 2.74. 0.098
7 &3 0.505 2.93; 0.133
8 33 0.371 2.79 0.210

Breed of Animals:

Bunaji © 1831 0.012 2.43 0.028
Sckoto Gudali 731 -0.012 2.41 0.C45

With variable groups, row mears followed by the same letter c¢o not
differ significantly (P>0.05). If no letter is used, it indicates
that the variable did not show a significant cdifference in the analysis
of variance.
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Except for the sixth calving interval, milk yield per
day increased from first to the seventh calving interval
anc dropped in the eicght calving interval.

When separate variance analyses were computed for
Bunaji and Sokoto Cudali breeds, results confirmed the very
highly significant effects of year, and calving interval
number on milk yield per day (P<C.001) fcr each breed, but
the effect cf month was very highly significant only for
Bunaji (P<0.001) and not for Sokoto Cudali breed (P>0.05)
(Appendix 3, Tables 11 and 12). The respective least sguares
estimates for milk yield per day for Bunaji and sckoto Cudali

breeds are shown in Appendix 3, Tables 13 and 14).

4.2.2., Discussion

The significance cof milk yield per day of calving interval
lies in its being the yield/day of herd 1life of a cow. 2 cow
is non productive when it is dry. The dairy trait, calving
interval includes both the milking and dry pericd}

The milk yield per day obtained in this study is higher
than the value reported by ¥nudsen and Sohael (1970) (2.42 kg/
day vs 2.29 kg/day), but it is within the recorded values for
zebu cattle which ranged from (.88 kg/day for Peul cattle and
4.87 kg/day for the Northern Sudan Shorthorn zebu (Calukande
et al., 1962; Osman and EL Amin (1971). Kiwuwa et al (1983)

reported values of 1.34 kg/day and 2.10 kg/day respectively

for Arsi and Zebu cattle in East Africa.
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4.3. Total milk yield

4.3.17. Results

The analysis of variance for effects of breed, year,
month and parity on total milk yield with lactaticn length
included as a covariate in the model is given in Table 4,12,
Results show that the effects of breed, year, month and parity
were all very hichly significant fP(0.00Tl. Results of the
least squares estimates for total milk yield revealed that
the overall meen was 1028.5 kg (Table 4,13). The total milk
yield varied from 848 kg in 1947 to 1216 kg in 1942. The
effect of month on total milk yield showed that total milk
yield ranged from 948 kg ir June to 1140 kg in Fekruary. The
total milk yield increased steadily from 816 kg in the first
parity to 12C0 kg in the ninth parity except for the slight
drop in the seventh parity. The breed effect on total milk
yield revealed that the Sokoto Cudali breed gave 1038 kg
while the Eunaji breed gave 101¢ kg milk.

The inclusion of dry period as a covariate in the nodel
made no difference on the significance levels cof year, month
and parity (P<C.C01) (Table 4.14). Similarly, when calving
interval was included as a covariate in the model for total
milk yield, there were no changes in the significance levels

of year, mortk and parity (Takle 4.15).
4.3.2. Discussgiocn

The average total milk yield obtained in the present
study falls within the values reported in the literature

which varied from 809 kg for Arsi to 1766 kg for Sokoto
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Table 4.12. Znalysis of variance for effects of breed, year and rmonth
of calving and parity with lactaticn length as covariate
on total milk yield of Punaji and Sckoto Gudali breeds

Source of D.F. Mean squares F. Signi.
variation (kg?) x (103) value level
Covariate

lLactation length 1 €4€0.27 9447.02 0.007
Main effects 432 11.25 16.40 0,001
Breed 1 12.62 16.40 0.001
Year 23 11.36 16.56 0.001
lonth 11 3.61 5.27 0.001
Parity 8 22.96 33.47 0.001
Residual 3321 0.€9 - -

Total 33€5 2.75 - -

Covariate lactation length b = 4,61
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Table 4.13. FEstimated least squares constants and means for total milk
yield (kg) for munaji and Sckoto Cudali cattle

Class . Munber of L.S.C. Mean S.E.
Inimals
Overall 33€6 - 1028.,45 £,00
Year of calving:
1924 65 : 79.61 1108.10§ " 50.41
1935 108 13.51 1042 .00 44 .63
1936 120 : 47.61 10?6.102 42,35
1937 123 72.59 1101.080  40.22
1538 135 72.62 ©M01.115 39.91
1939 | 128 -24.89 1003.60 41.00
1940 118 : 47.96 1076.452 42,70
1941 . 149 - -37.64 99G.85;  37.98
1942 132 L -71.45 957.04_  40.36
1943 1€5 -134.29 984.20f  36.09
1944 - 200 -178.12 850.37_  32.80
1945 171 -139.07 . 889.427  35.45
1946 | 202 C -95.34 933.15.  32.64
1947 - 226 . -180.53 847.%€  30.85
1948 . 172 L -84.13 944.365 35.37
1949 102 . 187.64 1216,13;  45.92
185¢ 110 ; 141,81 1170.30 44.21
1951 148 o 97.91 1126.400  38.11
1952 . 186 ¢ - 108.58 1137.07;  37.13
1953 174 < -20,52 1007.97;  35.16
1554 106 o -12.66 1015.83, 45.02
1958 134 48,79 1077280 40,05
1956 o124 s 113.97 1142.46%  41.63
1957 67 o ~53,96 047.53°  56.62
Mcnth of calving: _ .
January 263 o 102.40 . 1130.89%  27.57
February 223 © 111.58 © 1140.070  31.0€
March 231 . 47.35 1075.845  30.51
Aapril 265 4,93 1033.427  28.4¢
May - 281 : -7.48 021,01, 27.67
Jure 301 80,75 947,74 26.73
July o246 o -44.92 , 983.573 29.58
August C297 L w 16.07 1044.56; 26,92
Septerber 252 SR " -33.37 995,12>  24.72
Octcher - 318 ... -B4.96 973.53] 26,01
Noveriber . 285 ; ~76.11 952,38,  27.47

Decerber = 283 _ 15,26 1043,75 27.57
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Table 4.13 Contd.

Class Nurrber of L.8.Cs Mean S.E.
Animals

Parity Munker:

1 gc4 “212.27 816.22g 16.35
2 735 -178.26 850.23 17.11
3 591 -87.98 940.515 19.C8
4 433 -29,22 999,27, 22.28
5 308 69.91 1098.30% 26.42
3 226 139.34 1167.83 30.85
7 153 .71 1038.20% 37.49
8 83 117.08 1145.57, 50.90
9 33 171.79 1200.28 80.75

Ereed of Animals:

Puraji 2378 . -9.60 101889 9.51
Sckoto Gudali 968 ~9.60 1038.09 14,75

Within variable groups, row means followed by the same letter do rot
differ significant (P>0.05). If no letter is used it indicates that
the variable did not show a significant difference the analveis of
variance.
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Table 4.14. Fnalysis of variance for effects of breed, year and
menth of calving and parity with dry period as ccovariate
on total milk yield of Bunaji and Sokoto Gudali breeds

Source of D.F. Meen squares - F. Signi.
variation (kg?) x (109) value level
Covariate |

Dry period R 79.84 399,01 0.€01
Main effects 43 - 2,02 10,09 0.007
Breed 1 ) 1.70 B8.51 0.004
Year - 23 | 1.68 | B.41 0.001
Month 1M 0.8 4,57 0.001
Parity 8 4.50 . 22.48 0.001
Residual 2686 0.20 - -

Total : 2720 0.26 - -

Covariate dry periocd b = =-0.97
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Takle 4.15. BEnalysis of variance for effects of breed, year and
rmonth of calving with calving interval as covariate
cn total wmilk yield of Bunaji and Scketc Gudali breeds

Source of D.F. Mean sguares F. Signi.
variation (ka?) x (10°) value level
Cov_ariate

Calving inter{zal 1. 62.89 24 .64 0.007
Main effects 35 14.37 _ 5.63 0.007
CBreed 1 0.89 . 0.35 0.55
Year . - 23 18.78 7.36 0.001
bonth ‘_1'1‘. 6.94 2.72 0.002
Residual 2526 2.55 - -
Total - 2562 2.74 - -

Covariate calving interval b = (.32,
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Cudali cattle (Kiwuwa et al., 1983, Foster, 19€0). As
the total milk yield and calving interval determine the
magnitude of the milk yield per day of calving interval,
it will be desirable to keep the total milk yield to be
hich as the cgeretic impulse can substain and maintain the
calving interval to acceptable level.

The regrecssion cocefficient for the covariate lactaticn
length of 4.6 kg indicated that the tftal milk yield was
increasing by 4.6 kg per cday of lactation over the lactation
length. On the other hand, the regression coefficient for
the coveriate dry period which was -0.97 show that the
total milk yield was decreasing by 0.97 kg per day of céry
period. However, the covariate, calving interval show that
the total milk yield was increasing by 0.32 kg for each day

of calving interval.
4.4. Lactation length
4.4.1. Results

The analysis of variance for effects of breed, year,
month and parity is shown in Table 4.16. There was no
significant differences (P>0.05) for effect of breed, but
the effects cf year and parity were very highly significant
(P<C.C01), while the effect of month of calving were also
highly significant (F<0.002).

The least squares estimates cof lactation length is
presented in Table 4.17. The average lactation length was

227.7 days.
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Table 4.16. Mnalysis of variance for effects of breed, year and
month of calving and parity mmber on lactation length
of Punaji and Sckoto Cudali cattle

Source of D.F. Mean squares F. Signi.

variation (Gays? )% (104) value level

Main effects 43 3.41 3.93 0.001

Ereed 1 0.63 0.73 0.39

Year 23 2,93 3.38 0.001

Month 1 2,27 2.61 0.003

Parity number 8 6.61 7.62 €.001

Residual 3377 0.87 - -

Total

3420 0.89 - -
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Table 4.17. Estimated least squares constants and means for lactation
length of Bunaji and Sckoto Gudali breeds of cattle

Class Number of L.S.C. Mean S.E.
Arimals
Overall 3421 - 237.69 1.62

Year of calving:
a

1924 86 18.71 256.40p 10,21
1935 108 -8.75 228.94.  9.11
1936 120 -11.95 225.74;  B.64
1937 133 -13.45 224.245,  8.21
1938 135 -14.08 223.6100  3.14
1939 128 -18.07 219.62;  8.36
1940 118 717 230.52)  8.71
1941 149 -12.19 225.507  7.75
1942 132 7.51 245.20 8.23
1943 165 3.95 241.647  7.36
1944 200 10.50 248.19,  6.69
1945 171 ~7.49 230.20)  7.23
1946 202 -8.30 229.39,  6.66
1947 226 -23,75 213,94%  6.29
1948 172 -1.69 236.00% 7.21
1949 102 29.26 266.95;  9.37
1950 110 27.01 264.70,  9.02
1951 148 11.69 249,38,  7.77
1952 156 11.78 249.4 7.57
1953 174 3.39 241.083 7.17
1954 106 -6.67 231,02, 9.19
1955 134 -4.64 233.057  8.17
195 124 27.12 26481,  8.49
1957 122 -12.72 224,97 8.56
Iactation nurber:
1 825 ~13.87 223.82p  3.29
2 751 -23,25 214.447 3,45
3 604 -19.48 218,215 3.85
4 436 -10.82 226.87;  4.53
5 308 4.88 242.57;  5.39
6 226 15.42 253,11, 6.29
7 154 +=1,67 236.02°  7.62
8 84 19.78 257.47? 10. 32
9 33 29.01 266.70"  16.45
Month of calving:
1 283 17.06 254.75§ 5.62
2 223 9.35 247.040  6.34
3 233 5.54 243.23]  6.20
4 273 -4.97 232.72;  5.73
5 286 -4.93 232.76 5,59
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Table 4.17. Cortd.

Class .. Nuvber of L.5.C. Mean 5.E.
p]’ir‘l;: J‘S ....... D

Menth of calving: .
6 307 14,86 222.835

| 5,40
v, 249 .. —4.04 233.65,  6.00
8 302 11.27 248.96)  5.44
9 356  -0,83 236,765 5.01
10" 31 C o -3.42 234,275 5.28
1 294 -6.24 231.4sdg 5.52
12 294 - 3,83 . 233,86 5.52
Breed of Animals: |
Punaji 2418 151 239,20 1,92

Soketo Gudali 1003 =1.51 _ 236.18 2.99

Within variable groups, row neans followed by the same letter did not
differ significantly {P<C.C5). If no letter is used, it indicsates
that the variable did not show a significant difference in the analysis
of variance.
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The results show that lactation length ranged from 213.¢
days in 1947 to 266.9 days in 1949, The variation in
lactation length which was important for lactation numker
varied frem 214.4 days in the second parity to 266.7 days
in parity nine, Thus hicher parity tended tc hLave longer
lactation length except for the seventh parity. The effect

of month of calving show that January to March had higher

lactation length than April to December except for the month
of August.

Znalysis of variance for Bunaji and Sckoto Cudali
breeds separately confirmed very highly significant effect
{P<C.001), and significant effects (P<0.03) for year
and parity for the respective breeds (Aprendix 4, Tables 15
ard 16), but no{??ie month of calving. The least squares
estimates for the lactaticn length of Bunaji and Sckoto
Cudali breeds are shown in 2ppendix 4, Tables 17 wnd 15,
respectively.

¥hen calving interval was included as a coveriate gn
the model tc investigate its effect on lactation lencth, it
had nc changes on the significance levels on the envircnmental
{4lcffis

(Tables 4.18 and 4.19}).

The analysis of variance for effects of breed, year
and month of calvirg on first lactation length showed that
they had nc significant effects on firset lactation length

(P>0.05) (Takle 4.20). The least sguares estimates for

first lactation lencth was 221.64 days (Table 4.21). The



126

Table 4.18. Pnalysis of variance for effects of breed, year of calving
and parity on lactation lencth with calving interval as
covariance for Punaji and Sokoto CGudali breeds

Source of D.F. Mean squares F. Siani.
variation (days? )x (10*) value level
Covariate:

Calving interval 1 81.20 10.22 0.001
Main effects 31 44,60 5.57 0.001
Ereed 1 0.99 0.12 0.72
Year 23 36.05 4,50 0.001
Parity 7 77.76 9,71 0.001"
Residual 25€3 8.01 = -
Total 2595 8.46 - -

Covariate calving interval b = C.04



S o ' | 127

Takble 4.19. Anelysis of variance for effects of breed, vear and
month ¢f calving on lactation length with.calving
interval as covariate for Bunaji and Sckoto Cudali

breeds

Sou:cc.e of D.F. Mean scuares - F. Signi.
variation | | {days? }x (109) value level
Covariate:

Calving interval 1 8.20 | 10.03 0.002
Main effects 35 2,95 3,61 0.001
Breed - .1 051 . 0.63 0.43

Year .23 3.63 4.51 0.001
wonth M 1.76 2.16 0.015
Residual 2559 0.62 - -

Total - 2505  0.85 -

Covariate: Calving interval b = 0,04.
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Teble 4.20., 2Anelysis of variance for effects of breed, year and
ronth of calving on first lactation length (days) for
Bunaji and Sckoto .Qudali breeds
Source of D.F. Mean squares F. Sieni.
variaticn (days? }x (104) value level
Main effects 35 1.52 1.46 0.044
Breed 1 1.59 : 1.52 6.218
Year 23 1.54 B 1.48 0,070
Month 11 1.28 1.27 0.266
Reeidual 789 1.04 : - -
Total - 824 1.06 s - -
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Table 4.21. Fstimated least squares constants and neans for first
lactation length for Bunaji and Sckoto Cudali breeds

Class Number of Rninals L.S5.Cs Mean S.E.
Overall 825 - 221.64 3.56
Year of calvira:

1934 18 4,868 226,52 24.10
1935 35 24,26 245,9 17.26
1936 26 -0.042 221.60 20,04
1937 34 -17.61 204,03 17,53
193¢ 30 -2,.89 218.75 1€.65
1939 1€ =5.53 216.11 24.10
1640 29 4,08 225,72 18.96
1941 41 -13.66 207.98 15.97
1942 29 -3,34 218.30 18.96
1943 - 49 =9.39 212,25 14.60
1944 49 15.55 237.19 14,60
1945 36 2.76 224,40 17.023
1246 36 -8.35 213.25 17.03
1947 39 9,18 230.82 16.38
1948 29 70.39 292,03 18,96
1949 18 -22.33 199.31 24.10
1950 34 _ 22.04 242,66 17.53
1951 59 10.93 222.57 13.30
1852 37 -26.66 194,92 16,81
1953 28 ~55.95 165.69 19.32
1954 24 =7.52 214.12  20.85
1955 61 -3.14 218.50 13.08
195¢€ 23 18.77 240,41 21.29
1857 43 -6.39 215.25 15.58
Menth of calving:

January 72 13.28 234,92 12,04
Februvary 63 32.41 254,05 12.87
March 61 ~-3.25 218.39 13.08
Ppril 67 2,10 223.74 12.48
May 65 2.75 224,39 12.68
June 99 -20,63 201.01 10.27
July 50 11.67 209,57 14.45
August 72 11.88 233.52 12.04
September 8o : -8.62 213.02 11.43
Cctcher 5C -8,72 212.92 13.66
Movenber 56 -9,.82 211.82 13.66
Decenber B4 4 T 221.93 11.14
Breed of Animals:

Funaji 562 4,88 226,52 4.3
Sckcto Qudali 262 -4 .88 216,7€ 6.31

Within variable groups row reans fcllowed by the same letter do rot
differ significantly (P>0.05). If ro letter is used it indicates

that the variable did not show a significant difference in the analysis
of variance.
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lactation length was therefcre increasing with later milk
production., The average lactation length grouped by years

and months are presented respectively in Figs 6 and 7.
4,4,2, Discussion

The lactaticn length recorded in the present
investigation is of the order recorded by Johnson et al
(1984) for all lactaticn and also for first lactation. The
least squares means for lactation length is alsc within the
range recorded for zebu which varied from 224 days for
Kenana (Alim, 1960) to 294 days for the Northern shorthorz
zebu (Osman and EL Amin, 1971).

Thus considering all the resﬁlts for the lactation
traits, i.e. milk yield,lactation length and milk yield
per day of calvirg interval, it appears that the higher milk
yield and milk yield per day of calving interval are due to
an increase in lactation length for cows calving during the
months ¢f Decembér to May. If this cobservation is true, then
the inclusion of lactation length as a covariate in the milk
vield model should decrease the significance ¢f the month of

calving or make it non-significant.
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REPRODUCTIVE TRAITS

5.1. Distribution of calvings

5.1.1. Results

The distribution of all caivings in each parity covering
a period cof twenty-four years which included a tetal of 2378
calvings for Bunaji breed and 989.calvings for Sckoto Gudali
breed is presented respectively in that order in Tabkles 5.1
an¢ 5,2, In both breeds, the overall calvings over all the

years declined from parity one to nine.

5.2. Frecuency of calvings for the" breeds
5.2.1. Results - :

The frecuency of calvings which was for only normal
calvings and comprised a total of 2177 and 928 calvings for
Bunaji and Sokoto Gudali breeds respectively 4s given for
first and all calvings by year of calving in Tables £.3 and
L P

Calvihgs were not equally distributed across the years.
Considering first calvings only, Chi-scuare tests showed a
significant cdeviation (P<0.C5) from expectations kased on
equal number of calvings during the different years, with
higher trend for 1941, 1944, 1947 ané 1955. Fer all calvings,
2 significant deviation (P<C.C5) was also manifested by Chi~-
square tests from the expectaticns on the basis of equal
number of calvings during the different years 1944 tc 1548 also

for Eunaji breecd, with a higher trend being shown.
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Table 5.1. Distribution of parity numbers by year of calving for Eunaji

Vear of Parity nurkers
calving
. 1 2 3 4 5 6 7 g 9
1934 10 22 19 10 1 3 - - -
1935 22 14 15 15 5 2 2 - -
1936 21 26 12 15 8 4 1 - -
1937 27 16 22 9 11 4 4 - -
1938 15 25 1 16 8 11 3 2 1
1929 7 12 19 11 14 5 8 2 -
1940 21 5 11 15 9 13 6 2 -
1941 33 3 5 9 12 0 7 5 -
1942 20 28 23 5 g 7 5 3 2
1943 2818 31 18 2 g 2 2 2
1944 33 25 20 32 15 £ 11 3 -
1945 200 29 18 12 24 5 3 5 -
194€ 22 36 37 13 9 20 9 - -
1947 31 22 33 42 9 6 15 6 1
1948 20 2 18 21 22 9 5 8 -
1948 g 16 14 6 10 11 3 3 2
1950 26 13 7 7 3 4 9 2 1
1951 0 17 14 S 5 2 3 3 1
1952 29 35 10 10 7 6 2 7 2
. 1953 24 33 31 12 10 5 3 - 2
1954 18 13 14 15 6 3 4 1 3
1955 45 12 8 11 13 7 3 3 1
1956 17 3N 7 6 10 7 5 3. 2
1957 15 6 11 a2 6 5 2 -
Overal- 547 S0 410 322 223 166 118 62 20

2378
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Table 5.2. Distribution of parity nurbers by vear of calving for
Sokote Gudali breed

Parity nunbers

Year of

calving 1 2 3 4 5 6 7 8 9
1934 8 9 4 - - - - -
1925 13 9 2 - = - @
1936 5 11 9 € 2 - - . W
1937 7 5 12 g 6 1 - - -
1938 15 7 3 g 5 3 1 ~ -
1939 1 15 8 3 7 5 1 = =
1940 g o 5 5 5 5 = & -
1941 7 g 3 3 5 2 - -
1942 6 5 3 1 3 3 1 -
1943 2t 12 3 3 3 - 3 2 2
1944 6 14 9 4 B 3 1 2 2
1945 16 9 9 7 2 3 2 2 1
1946 14 13 8 4 8 3 4 1 1
1547 8 18 14 7 3 6 1 4 %
1948 9 ¢ 12 ¢ 4 1 2 1 1
194¢ 9 5 6 4 2 - 1 - 1
1950 14 12 4 3 g 1 - 1 -
1951 19 16 11 4 2 8 - - e
1952 g8 15 10 7 4 2 2 o _
1953 4 s 16 g 5 3 7 1 -
1554 6 2 7 3 3 2 3 1
1955 6 5 2 2 2 = 1 2 1
1956 6 15 3 2 4 2 - 1 3
1657 7 1 5 - - 2 2 - -
Overall

989 257 227 181 111 85 59 35 21 13
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Table 5.3. Frequency of calvings for first and all calvings grouped
by year of calving for Bunaji breed

First calving 211 calvings
Nunber of Percentage of Nunber of Percentage of all
Year calvings first calving calvings calvings
1934 10 2,2 64 2.9
1935 20 4.3 70 Il
1936 20 4.3 g4 3.9
1637 27 5.8 92 4.2
1938 15 B 91 4.2
1939 7 1.5 78 3.6
1940 21 4.6 80 3:7
1941 33 7.1 109 5.0
1942 19 4.1 100 4.6
1943 27 5.8 108 5.0
1944 30 6.5 141 65
1945 20 4.3 115 Ded
1946 21 4.6 140 €.4
1947 - 29 6.3 156 T2
1948 14 3.0 114 82
1949 9 2.0 70 3.2
1950 11 2.4 |56 2.6
1951 15 3.2 47 2.2
1952 20 4.3 €9 4.0
1953 17 3.7 102 4.7
1954 17 37 64 2.9
1955 38 8.6 93 4.3
195€ 12 2.8 82 3.8
1957 g 2.0 31 1.4

Total 462 100 2177 100
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Table 5.4. Frequency of calvings for first and all calvings grouped
by year of calving for Sckoto Gudali breed

First calving 211 calvings
Nurber of Percentage Murker of Fercentage of
Year calvings first calvings calvings all calvings
1934 8 3.3 20 2.2
1935 13 5.4 32 3.4
1936 5 2.1 32 3.4
1937 7 2.9 40 4.3 ]
1938 15 6.2 43 4.6
1939 1 4.6 49 5.2
1940 8 3.3 35 3.8
1941 8 3.3 26 3.9
1942 9 | 3.7 31 3.3
1943 21 &.,7 52 5.6
1944 14 5.8 52 5.6
1945 . W 5.8 46 5.0
1946 1 5.8 51 ' 5,5
1947 8 3.3 | 59 6.4
1948 -8 3.3 40 4.3
1949 7 2.9 26 2.8
1950 13 5.4 41 . 4.4
1951 19 7.9 53 . 5.7
1952 2.1 42 4.6 "
1953 3 1.2 47 5.1
1954 2.5 26 2.8
1955 15 6.2 29 2.1
1956 2.5 34 3.7
Y ,12,, 1.3

wsr o4

241 e 928
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The same pattern was cbserved for the Sokotc Cudali
breed, as Chi-square tests showed a significant deviation
(P<0.05) from the expectations based on equal number of
calvings during the different years for both first calvings
and all calvings, with the years 1942 ard 1951 being higher
fer first calvings while 1943 to 1947 and 1951 were higher for
all calvings.

The frequency of calvings for first and all calvings
grouped by month cf calving is shcwn for Bunaji and Sokoto
Cudali cows in that order in Tables 5.5 and 5.6.

Although calvinos occurred throughout the year, monthly
proportione were not equal. Chi-square analysis showed
significant deviations (E<0.C5) from expectaticns for first
calvings and all calvings for both the Bunaji and sckoto
Cudali cows. In ceneral calvings were greater durinc the
months September to Janueary indicating more conception during

the dry season.

5.2.2. Discussion

The trend okserved between the years of a decline in the

distrikution of calvings may be due'partly to the introduction

v: wallmals which had their earlier paric: ... ucale, aud the
cv Ltung of cows that failed to conceive - runsecutive yesrs
ey o . o L - N - - - okl L
¢ monthly pro20.-: =as e Laa v 3 s ~Acstan of

fects of season .. calvenga. Whc cread enicarpoantaa tc

= - L - - - = LS
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Table 5,5. Frequency of calvings for first and all calvings grouped
by month of calving for Bunaiji breed

First calving P11l calvings
Number of Percentage cf Murber of Percentage cf
¥onth calvinge first calving calvings all calvings
January 46 10.1 182 8.4
February 32 6.9 146 6.7
March 29 6.3 149 6.8
Bpril 33 7.1 192 6.8
MNay 36 7.8 179 8.2
Junre 57 12.3 194 8.5
July 30 6.5 161 7.4
August 33 7.1 165 7.6
‘Septenber 48 10.4 224 10.3
Octcber 31 €.7 212 9.7
Novenber 3€ 7.8 191 8.8
Decenber 51 11.0 182 8.4

452 2177

I A i S
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Table 5.6. Freqguency of calvings for first and all calvings grouped
by month of calving for Sokoto Gudali breed

First calving 211 calvings

Number of Percentage of Nunber of Fercentage of
Month calvings first calvings calvings all calvings
January 20 8.3 7€ 8.2
February 25 10.4 €2 6.7
March 22 9.1 66 141
April 21 8.7 57 6.1
May 20 8.3 84 9.1
June 25 10.4 79 €.5
July 14 5.8 66 i
August 27 172 104 11.2
Septenber 16 1.5 g2 9.9
Octcher 20 8.2 85 9.2
Noverber ° 3.7 79 8.5
Decerber 20 6.3 7€ 8.4

241 ' 928
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cduring September to Januery is a management strategy which
will ensure that during the wet season, the cows weuld be
able to maximise the available fodder to augment both milk
prcducticn and bedy growth while the calves would ke able
to express their cenetic imprlse for growth during their

Frewveaning pericd.
5.3. Age at first calving

5.3.1. Results

The analysis of variance for effects of year and month
of calving &s well as breed on age at first calving is given
in Table 5.7. Results showedlthat there were highly
significant differences (P<0.CD1) fcr year of calving oﬁly
but not for menth of calving (P>0.05), while the effect cof
kreed on age at first calving only approached significant
level (P<0.06).

The least squares mean estimates for age at first calving
is presented in Teable 5.8. The overall mean age at first
calving fcr the 825°cows was 4€.2 months (1286.12 days), while
the mean age was 45.7 and 46.7 months respectively fcr Eunaji
and Sckoto Cudali cows. The effect of year indicated that age
4N 9

at Firet raluvine vsanead man+he in 1878 +n B2 4 moarnths

1087, . Lo s imoia SEoaer et EleeE
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Analysis of variance for effects of breed, year and month
of calving on age at first calving for Bunaji and Sckoto

 Cudali cattle

Source of D.F. Mean sguares F. Significance
variaticn (days? )x (104) value level

Main effects 35 29.64 5.94 0.001

Year 23 40.01 8.01 0.001
Manth 11 6.08 1.22 0.27
Preed oy 17.65 3.54 0.06
Residual 789 4.99 - -

Total 824 6.04 - -

(P<0.001) = Significance at 1% level,
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Table 5.86. Estimated least squares constants (L.5.C.) and means (days)
: for age at first calving for Bunaji and Sckoto Gudali cattle

Class Nurnber of L.E.C. Mean S.E.
Animals
Overall 825 - 1366,12 7.80
Year of calving: _
1934 5 -16.26 1369.867 99,75
1935 22 —-42.59 1343.53 47.64
1936 24 ~178.81 1207.313 45,60
1937 32 -69.94 1316.18 39,48
1938 33 -120.37 1255.75§ 38,93
1939 19 -120.25 1265.87 51.25
1940 32 -50.88 1305.24, 39.48
1941 44 -49,89 1336.237 33.70
1942 | 33 -§2.84 13032.28 38.93
1943 47 -108.71 1277.413 32,57
1944 49 -59.,24 1326.88; 31.92
1945 . 34 . 88.11 1474 .23 38.32
1946 3 S 37.23 1423,357 40.11
1947 3’ | 44.05 1342.07, 37.74
1948 35 : -156.76 1229,36,; 37.74
1949 _ 26 R 18.83 1404,957 43.81
1950 36 60,97 1447.097 37.24
1951 61 63.17 1449,29- 28.61
1952 - 37 174.13 1560.25£ 36.75
1953 0 186.33 1572.45 40,77
1954 26 236,96 1623.087 43.81
1955 63 67.11 1453.23] 28.14
1956 23 76,39 1456.51rq 46.55
1957 48 127.36 1513.48 32.24
Month of calving: '
Jaruary 72 ~46.47 1339.65 26.32
Februaky 54 -55,53 1320.59 30.40
Mach 61 ~4.65 1381.47 28.61
April . 68 - =26.72 1352.40 27.08
May 60 45,61 1431.73 28.83
June 95 _ 0.30 1386.42 25,92
July 52 27.42 1413.54 30.99
Pugust 76 16.51 1402.63 25.62
Septenber 85 ~17.85 1368.27 24.22
Octaber 61. 35,91 1422.03 28,61
Noverber 5% o 25.61 1411.72 30,11
Decerber 88 -0.14 1385.986 24,23
Breed of Animals:
Bunaji 579 -16.70 1369,42 9.29
cckoto Gudali 246 16 .70 1402.82 14.25

Within variable grours row means followed by the same letter do not differ
significantly (P>0.05). If no letter is used it indicates the variable
group did not show a significant difference in the analysis of variance.

L]
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Table 5.9. Results indicated very highly significant effects
(P<0.001) for dam-year of birth only, while the effects of
breed and dam-month of birth were not significant (FXC.C5).
The least squares estimates for effects c¢f dam-year, dam-
month of birth and breed on age at first calving is shown
in Table 5.10. The important factor here is the availakle
pasture which varies from year to year dve to the fluctuation
of water precipitation. The effect * of dam-year of birth
on age at first calving showed that the overall age was 46.2
months. The range was 41,2 menths in 1932 to 53.8 months in
1850. The effect of dam-year of birth resulted in age at
first calving of 45.8 months and 4€.5 monﬁ?sefespectively for
Bunaji and Sokoto Gudali cows. The averagekat first calving

pooled over years and months respectively fcr Eunaji and

Sckoto Cudali breeds are given in Figs. & and 9.
5.3.2. Discussicn

The recorded age at first calving for the two breeds in
this study falls within the values of 42 months and 50 mcnths
recorded by other workers for PBunaji breed (Wheat et al., 1972;
Armour et al., 1961) and 43 months recorded for Sokoto Gudali
cattle (Wheat and Eroadhurst (1972). Mahadevan (196€) okbserved
that irrespective of whether cattle were of Asian, African,
European or crosesbred origin, their mean age at first czlving
uncder a given trcpical environment was essentially the same
and basically ranged from 3 to 4 years. Bowever, the higher
range of age at first calving occuring more in the later years

could be partly attributed to reduced availability of supple-
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Table 5.9. Analysis of variance for effects of breed, damyear and
dam-month of birth on age at first calving for Runaji and
Sckoto Cudali breeds _

Source of a.£. Mean squareg F. Signifigance
variation (days? )= (10") valve level
Main effects 33 28.21 5.47 0.001

Ereed 1 16.11 1.96 0.16
Dar-year 21 41.77 8.10 0.001
Danr-menth I 3.85 0.75 0.69
Residual 766 5.1€ - -~

Total 799 €.11 - -

(P<0.001) = Significance at 1%
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Table 5.10. Estimated least squares constants and means (days) for
age at first calving of BPunaji and Sckcto CGudali cattle

Class Number of L.8.C. Mean S.E.
Animals
Overall 200 - 1384 .60 8.00
Dam year of birth:
1932 19 ~106.02 1278.58§ 51,89
1933 29 -133.04 1251.56 . 41.98
1934 37 -95,3¢ 1289.21° 37.21
1935 25 -116.,01 1268 .59 45,25
193€ 29 —39.76 1344.812 41.98
1937 42 -56.35 126,257 34.92
1938 31 -80.31 1305.25_ 40.62
1939 41 -101.63 1282,97 35.35
1640 55 -75.38 1309.22 30,49
1941 46 .57.35 1441.95§ 33.37
1942 26 8.84 1393.44; 44.36
1943 27 -47.74 1336.86,, , 43.31
1944 40 -109.80 1274 .80% 35.80
1945 32 128.79 1513.39° 39,97
1946 48 60.11 1444.?13- 32.65
1947 52 | 42.95 1427,55; 31.38
194¢ 49 95,85 148045 32.32
1949 31 223.14 1607.74 40.62
1950 32 229.03 1613.63" 39.97
1951 31 162.37 1546 97" 40,62
1952 42 28.19 1412.795 34,92
1953 36 -35.16 134944 37.71
Dam month of birth:
Janvary 62 -21.50 1363.10 28,75
February 50 -37.87 134€.73 32.00
March 62 -26.71 1357.89 28.75
2pril 77 ~11,082 1373.58 25.77
May 86 31.30 1415.90 24.41
June 61 -15.10 1269.50 28.97
July 42 16.29 1400.89 24,92
August 67 38.89 1423,49 27.63
Septerber 80 17.62 1402.22 25.31
Cctober 82 -3.42 1381.18 24,97
Noverber 64 w57 13832.03 28.28
Decerrber 67 -43.09 1397.65 27.63
Breed of mnimals: .
Punaji 556 -11.70 1372.90 9.60
Sokoto Gudali 244 11.70 1396.30 14.49

Within variable groups, row means followed by the same letter do not
differ significantly (P>0.05). If no letter is used, it indicates that
the variable did not show a significant difference in the analysis of
variarce,
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-mentary feed, poor guality roughage, poor reprocductive
performance resulting from inbreeding which have a
resultant effect of heifers conceiving laté or hthhj nc
coriception at the first cestrous manifestation as wéll as
heifers nct possessing the body size to enhance sustaining
conception. Attempt to reduce the age at first celving
is a worthwhile venture which would increase the overall
productive life of a cow in a herd and improve the production

in the animal incustry.

5.4, Effect cof age on milk producticn

The effect of age on milk production was studied using
gross comparison and paired lactation compariscn methods.
The effect of age on milk yield was alsc investigated by
expressing later lactation records and the deviated later
lactation milk records from year means as a percentage cf the
first records of the same cows. The correlatiorn ketween the
lactation number and the actuval age in yeare at which the
particular lactation is initiatec would be gquite high for
tiological reascns, nevertheless, this situatiorn may not

prevail where age at different calvings varies remarkably.

5.4.,17. Cross compariscn
5.4.7.1. Results

The gross comparison of milk yield in different lactations
which was expressed as a percentage of first lactation feor
Eunaji cows is given in Table 5.11, while that for Sokoto

Cudali cows is shown in Takle 5.12. For both breeds, the results
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Milk yield in different lactations expressed as a
percentage of production in the first lactation for
Funaiji breed

Cross comrparison

Iactation Murber of Actual Percentage of Average age at
nuber  records y.'tiic]i first lactation calvirg (months)
1 462 810.0 100 45.9
2 470 829.6 102.4 59.8
3 379 9137 112.8 73.3
4 304 960.0 118.5 86.5
5 213 107€.8 132.9 99.5
6 160 1119.9 138.3 112.8
7 112 1031.2 127.3 126.2
8 58 1159.1 143.1 139.5
9 19 1354.7 167.2 155,9
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Table 5.12. Milk yield in different lactations expressed as a
percentage of production in the first lactation for
Sckoto Gudali breed :

Gress  (ompayisca
f

Lactation Muker of Actual Percentage ©Of Iverace age at
MNurcher records yield first calving (month)
(kg) lactaticn
1 241 833.6 1b0 o 46.7
2 216 861.3 103.3 60,7
3 167 956 114.8 73.8
4 108 986.4 118.3 _ 86.8
: '5' 77 1119.5 134.3 100.1
3 57 1206.3 144.7 113.6
7 .30 1040.8 124.9 127.8
- 8 19 1034.7 124.1 : 141.3
9_ _

13 1040. 7 124.8 154.9




152
showed a steady increase up to 1actatgcn number six and
was followed by a decline in lactatidz;}z;ﬂEunaji cows,
while the Sckoto Cudall cows after the increase up to the

sixth lactaticn, there was a decline which was constant up

to lactation nine.

S8:25 Paired comparison
5.4.2.1. Results

The paired lactation comparison for milk yield in
different lactations expressed as a percentage of the first
lactation production for Bunaji cows is presented in Table
5.13, while that for Sokoto Cudali ccws is giver in Table
S.14. The paired comparison indicated a decline from second
lactation to ninth with a slight change in the third lactation

for both bkreeds.

5.4.3. Expressing later records as a percentage of their
first records

5.4.3.1. Results

Milk production in later lactations expressed as a
percentage of their first lactation is given for Bunaji arnd
Sokoto Cudali cows respectively in Tables 5.15 and 5.16.
In the case of Punaji cows, the¥e was an initial peak in the
third lactation with an increase of 2.9€% the other peaks
were in the sixth and eighth lactatione with increases of
5.,7¢ ar2 9%,_respéctive1y. with regard to the Sckoto Cudali
cows there were variable peaks in the third and sixth
lactations. The correction factors for this method of age

adjustment are shown for each breed in the requisite Tables.
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Table 5.13. Milk yield in different lactations expressed as a
percentage of production in the first lactation for
Sckoto Qudali cattle

Paired lactation camparisor.

Lactation Munber of Mean vield Percentage Multiplicative
nurber records (kg) facter
1 241 911.1 100 -
2 160 858.3 94.2 0.94
3 146 968.5 96.1 1.02
4 104 980.4 84.6 0.88
S 70 1112.9 85.4 1.01
6 52 1204 .0 81.1 0.95
7 17 1043.7 65.7 0.81
8 17 1082.4 63.1 0.96

9 9 1039.4 55.5° 0.88
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Table 5.14., Milk yield in different lactations expressed as a
percentace of production in the first lactation for
Punaji cattle

Paired lactation canparison

Lactation Mumber of Mean yield Percentage Multiplicative
nunber recorcés (kg) facter

1 462 839.2 100 -

2 367 802.9 95.7 0.96
3 329 907.1 67.9 1.02
3 275 944.2 ©4.0 C.96
5 200 . 1075.9 94.9 1.01
6 141 1105.5 91.1 0.96
7 104 1012.0 81.1 0.89
8 52 1145.7 77.1 0.95

9 16 1393.2 75.5 0.98
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Table 5.15. 305 day lactation milk yield expressed as a percentage
of first lactation milk of the same cows for Bunaji

cattle
ILactation Murker of Percentage of Correction factors
nunber Anirals first lactation
1 462 100.00 1.00
2 367 95.67 1.04
3 275 102,96 0.97
- 219 93.84 1.06
5 150 102,98 ' 0.97
6 114 105.71 0.94
7 83 99,57 1.00
8 47 108.99 0.92

o

15 107.11 0.92
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Table 5.16. 305 day lactation milk vield expressed as a percentage
of first lactation miik yield of the same cows for
Sckotc Gudali cattle
Iactation tumker of Fercentage of Correcticn
nurkber Anirals :Eirst lactatim factors
1 241 100.00 1.00
2 180 04,20 1.06
3 132 97,82 1.02
4 83 “86.95 1.15
5 59 91.8% 1.09
6 44 94,34 1.06
7 25 78.16 1.28
8 17 80.71 1.24
9 1,32

13

75.39
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5.4.4, Expressing deviated later records as a percentage
of their first records

5.4.4.1. Results

Milk yield records deviated from the years' means
and expressed as a percentace of their first records are
presented in Tables 5.17 and 5.18 for PBunaji and Sckéto
Cudali ccws, respectively. For both breeds o©f cows, there
were peaks in the third)sixth and eighth lactaticns. The
adjustment factors by this method of correction for age are
presented in the Tables for each breed.

The milk producticn in successive lactations expressed
in different ways relative to the milk yield in the first
lactations are shown in Figs. 10 and 11 for Bunaji and Sokoto

Cudali cows respectively.

5.4.5. Discussion

In the gross comparison method of age adjustment for
milk yield, the peak attained in the sixth lactation for
Sokoto Cudali gave an increase of 45% over the first milk
yield, thereafter a decline was observed. However, for the
Bunaji cows a peak also obtained in the sixth lactation had
an increase of 38% over the first milk yield, with another
peak in the ninth lactation with an increase cof €7% over the
first milk yield. This situation differs much from the
expected lactaticn curve based on the physiological expression
of growth and senescence. The age correction by the gross
comparison gave an indication of a rise in milk vield at an
ever increasing rate for both Bunaji and Sokoto Cudali ccws

up to the sixth lactation, thereafter a drop in the seventh



o=l ' o - 158

Table 5.17. 305 day lactaticn milk yield deviated for year differences
and expressed as a percentage of first lactation for Funaji

cattle
Iactation Nurber of . Percentage of Correction
miber Ardmals first factors
lactation
1 462 ~ 100.00 1,00
2 367 ) 95.74 1.04
3 TR - 103.52 0.97
4 218 o 100.21 -~ . 0.99
5 150 103.11 . - . 0.97
6 4 104.75 : 0,95
7 83 101.71 ©0.98
8 47 ) 106,72 0.94
9

14 $2.92 1.07
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Table 5.18. 305 day lactation milk yield deviated for year differences
and expressed as a percentage of first lactaticn for
Sckoto Gudali cattle

Lactation - Murber of Percentage of Correction
mmber Aninals o first factors
' o lactation '

1 241 100,00 1.00
2 179 03.85 107
3 32 97.82 _ 1.02
4 83 85.25 1.17
= 59 | "89.55 ' 1.12
6 44 - 93.33 1.07
7 25 | 79.53 | 1.26
8 I V) 85.63 1.17
: :

i13 76.38 1.31
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lactation and followed by increase in Punaji cows and a
drop in Sokoto Cudali cows. Thus the curves as shown by
(1) lies on top of the scale, while the paired comparison
curve (2) occupies the bottom of the scale and the curves
with suksequent records expressed s a rercentace of their

/0
first reccrds (3) and (4) were intermediate (Figs. and

1) ).

between the paired and the g¢ross ccmparisor curves.

Thus it follows that the true age curve would lie

In the pairecd comparison method for age correction as
regards milk yield, subseguent records were first expressed
as a percentage of their preceding records. These were then
expressed as a percentage of the first lactation yield by
multiplying with the different percentages. Thus any error
in expressing one record as a percentage of the otker weuld
be amplified when percentaces are multiplied to express later
lactation as a percentage of the first reccrd., Furthermcre,
since sore selection was being practised in the breeds of
cattle, the paired lactation compariscon will also be biasecd
by the incomplete number of lactations. To correct for this
would require that repeatakility value be known. In making
such a correction repeatability wculd be assumed to be corstant
which will ke untruve. This is because adjacency of lactaticns
would result in & hicher correlation between adjacent records
than between records separated by cne or more other lactaticns.
In addition, the intensity of selecticn for the trait being

studied shculd be known, for if culling was accidental, there
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will be some bias duvue to culling in the mean value of the
anirals retained. This will vary from the mean of all
records only by chance.” As it may not be possible to know
tc what extent the culling in a herd was based on desired
trait, and sirce in most cases, reasons for most culling are
not accurately recorded, it would be apparent that culling
is not entirely accidental and may only have some relation
with the desired trait. Fowever, some of the other reasocons
for culling animals such as udder diseases, certain hormcne
inbalances that may lead to infertility ere directly related
to hich milk producticﬁ. Removal ¢f animals for such reasons
would cause the mean of the animals retained to be lower than.
if the same animals were, culled for low production only which
will result in the mean of the retained animals being hicher.
If on the cther hand, animals culled for other reasons were
also low milk yielders, the animals retained would have higher
averacge yield. Therefore when selection is not based on milk
production and the other reasons cre not properly indicated,
or their relaticn with production is not clear, the correction
for the average production of these animals retained for
incomplete repeatekility might introduce a larger bias than

it woulcd otherwise remove. EPEecause of this nc correction
for incomplete repeatakility was made for the recuisite traits
in this study. Thus the errcr inkerent in the paired lactation
comparison, kecause of the different percentages being multipliecd,

was avoided by expressing all records in different lactations
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as a percentage of their first lactation records.

The results obtained in expressing subsequent lactation
records as a percentace of their first records and using, thre
deviated recordes from the years' means and then expressing
the production as a percentage of the first records were
comparable although these methods of age adjustment may cause
a slight loss of information. As the curves show in Figs 10
and 11 these methods presented true picture cof lactations'

vield expectation.

5.5. Dry period
5.5.1 Results

The analysis of variance fcr effects of breed, year,
month and parity on dry period is shown in Table 5.1°%.
Results revealed that the effects of year and parity were
very highly significant (F<0.C01) while the effects of breed
and month of calving were not significant (P>C.05). The
least squares estimates fcr dry period was 160.4 days (Table
5.20). The dry period varied from 89.7 days in 1934 to
238.9 days in 1957. Tre dry period was variable from year
to year and with nc consistent trend., The dry period showed
a decline frem parity one to six, then manifested a rise in
tke next two parities and theh dropped in parity nine.
Separate variance analyses confirmed the significant effects
of year of calviné for Tunaji and alsc for Sckoto Gudali cows
(Appendix 6, Tables 21 and 22) while parity was alsc highly

significart for EBunaji breed (P<0.00f), the menth of calving
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iable 5.19. Mnalysis of variance for effects of breed, year, month
of calving and parity nurber on dry period of Bunaji
and Eckoto CGudali cattle

Source of D.F. Mean squares F. Significarce
variation {days®)x (10°) value level
Main effects -43 £3.C4 . 2.73 0.001

Freed . 1 11.41 0.38 0.54

Year 23 92.95 3.06 0.001

Month " 42,45 1.39 0.17

Parity y 8 "1‘10.95 3.65 0.001
Resicual 2708 30.40 - -

Total - -

2751 31.22
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Table 5.20. Fstirated least squares constants (L.S.C.) and weans (days)
for dry period of Bunaji and Sokote Gudali breeds

Class Nuber of L.2.C. Mean S.E.
overall 272 - 1606.39 3.32
Year of calving:

1934 78 ~70.66 89.73§ 15,75
1935 94 -31.84 128,55 17.98
1936 112 ~26.83 133.563 16,48
1937 115 " 6,56 166,95% 16,27
1938 126 - 1.62 158.77° 15.53
1639 103 - 2.62 157.7 17.18
1940 107 - 0.9 15¢,48° 16.86
1941 128 -21.85 136.54 15.42
1942 - 122 -13.78 146.513 15.78
1943 | 145 -9.12 151.27 14.48
1944 151 -13.17 147.222 14.19
1945 - 138 -31,39 129.00 14,84
1946 187 -15.62 144.775% 12,75
1947 176 24.03 184.42% 13.14
1948 103 44 65 205.043 17.18
1949 75 -2.45 157.094_ 20.13
1950 85 ~0. 91 159.487 18,51
1951 129 29.89 150,287 15.35
1952 131 -21.03 139.36? - 15.24
1953 108 65.11 225.50> ¢ 16.70
1954 70 30.69 191.08§ 20.83
1955 100 2.23 162.62 17.44
1956 105 ~17.90 142.49§ 17.01
1957 64 78.54 238.93% 21.80C
Paxity Mumker: ¢

1 744 23.53 183.92: 6,39
2 630 20.6% 181.087 6.94
3 - 468 ~3,31 157.08 8.06
4 342 -11.28 149.013 ¢ 9.43
5 233 ~20.40 139,995 11.43
6 183 -19,46 146,93% 12.89
7 110 ~12.59 146,205 16.62
8 40 54,03 214.42? 27.55
by 2 -30.11 130.28 123.€6
Month of calvirg: . L
Janvary 234 -37.05 122,34 ¢ > 11,40
February 183 ~10,62 149.77 + . 12,88
March 191 11.75 17214 v 12,62
Ppril 203 1.28 161.67 . 12.24
May 231 10.00 170.39 11.47
June 241 13.67 174.06 7 - 11.24
July 185 4,67 165.06 Ry 12,82
rugust 251 ~12.98 147.41 o3 5 11,07
Septenber 286 -16.78 141,67 Zopian 10437
October 265 21.04 182,33 Ootas- 10,71

- -

OF Td oay wd wd b e -



Table 5.20 Contd,

167

Class Nurber of L.S.C. Mean S.E.
Animals

November 231 11.6€5 172.04 11.47

Decenber 250 4,47 164.81 11.03

Preed of Znirals:

Punaji 15586 2:27 162.66 3.94

Sokote Qudali 794 -2.27 158.12 3.19

Within variable groups, row means followed by the same letter do not

differ significantly (P>0.05).

If no letter is used , it indicates

that the variable did not show a sianificant difference in the analysis

of variance.
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" Table 5.21. Analysis of variance for effects of breed, year and
month of calving on first dry pericd (days) for
Dinaji and Sdcoto (udali breeds -
Source of 'D.P. Mean squares F. Significance
variation (ays? )x (10%) value level
Main effects 35 5.57 1.06 3,378
Ereed 1 6.05 - 1.07 0.301
Year 23 6.53 1.16 0.275
Month _ 11 4.1 0.74 0.699
Residual 884 5.64 . - -
Tctal |

919 5.65 - -
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Table 5.22, Estimated least squares constants (L.$.C.) and means
for first dry periocd for Punaji and Sckoto Gudali breeds

~ Class Nunber of L.s.C, Mean S.E.
Animals :
Cverall 920 - 173.42 7.83
Year of calving:
1924 20 G.z25 173.67 - 53.13
1935 37 _ o ~46,66 126.76 . 35,06
1936 28 -40,89 132.53 44,90
1937 . 36 -37.64 135,78 36.58
1938 33 -8.20 165.22 41,30
1939 19 21.52 194,94 54.47
1940 32 , -21,09 152.33 41.96
1941 44 - =26.50 146.92 35.82
1942 : 33 -~30.64 142.78 41.3C
1943 54 -3.31 170.11 32.31
1944 . 66 62.48 235.90 28.25
1945 - - 45 ' 14.02 187.44 _ 35.40
1946 ' 40 4.12 177.54 37.52
1947 44 59.75 233.17 35.82
1948 - 35 . 32.83 206,25 : 40.12
1649 2 144,03 317.45 . 46,57
1950 37 -~37.83 135.59 - 32.06
1951 - 61 : 22.08 195.50 30.41
1952 . 37 -18.93 154,49 - 39.06
1953 30 12.17 161.25 43,34
1954 - 26 S 21,18 194,60 46.57
1988 66 -36.43 136,99 . 29,25
1956 23 ~-18.71 154.71 49.38
1957 ' 48 -43.26 130.16 34,27
Month of calving: ,
January 80 25,93 15%9.35 26.57
February 67 . . =28.73 144,69 29,00
March Y ' 1.63 178.05 27.97
April 75 ' 23.79 197.21 27.43
May - M4 8.€7 182.0¢ . 27.62
June 105 11.322 184,74 23.17
July ' 55 17.25 160.67 32.01
August 79 ' ~17.99 155,43 : 26.72
Septenber 91 ~40.55 132.87 . 24,50
October 63 . 17.80 151.22 _ 29.47
Movenber 64 11.51 164,93 29.69
Decerber 93 -30.63 142,79 . .. 24.64
Preed of 2nimals: . o
Bmaji 619 8.97 182.39 9.55
Sckoto Gudali 301 R T4 164.45 13.68

Within variable groups, row means followed by the same letter do rot differ
significantly (P>0.05). If no letter is used, it indicates that the
variable did nct show a significant difference in the analysis of variamnce.
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was significant for Sokoto Cudali breed (P<(.05). ILeast
squares estimates showed that for Bunaji cows the mean dry
pericd was.159.7 days (Appendix 6, Tables 22), while the
least squares estimates for Scokote Gudali cows meen dry period
was 155.5 days (2ppendix €, Table 24). The average dry
period grouped by years and months respectively are shown in
Figs. 12 and 12 for both breeds. For Bunaji breed, least
squares estimates for dry period varied from 104.6 days in
1924 to 245.5 deys in 1957, on the other hand, the dry period
for Sokoto CGudali varied from 105,5 days in 1937 to 215.5
days in 1948, For Bunaji breed, dry period varied
from first parity to the ninth (156;3 days to £1.9 days)
except for the sharp rise to 240.8 days in the eighth parity.
The effect of month of calvinc show that dry period for
Sokoto Cudali cows varied from 127.7 days in September to
195.3 days-in April.

The analysis of variance for effects of breed, year and
month of calving on first dry perioé showed that all the
variables had no significant effects on the first dry period
(P>C.05) (Table 5.21). The lesst squares estimates for

first dry period is presented in Table 5.22.

5.5.2. Discussion

The mean dry pericd obta;ned in this study falls within
the reported values for Zebu breed which ranged from 97 days
for Ankole cattle to 222 days for Maure cattle (Sacker and
Trail, 196€; ILCA, 1978). Kiwuwa et al. (1983) reported

7
averace dry period of 154 days and 165 cdays respectively
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for Arsi and Zebu breeds of East Africa. As the dry period
is part of calving interval, if the dry period is reduced

in length, then the calving interval would not be long and
the lactation length can be cof such duration as would support
comnersurate milk yield. However a long dry rperied may lead
to a long calving interval which may result in a relatively
short lactation length which will not enhance a goocd milk

yield.

5.6. Calving interval
5.6.1. Results

The analyvsis of vaiiance for effects of breed, year anq
month of:calving and parity is shown in Table 5.23. Results
indicate that there was very ﬁighly siénificant effects
(P<0.001) of year and significant effect of parity (P<0.05)
cn calving interval. PFowever the effects cof breed and month
of calving were not significart (F>0.05). The least squares
estimates showed that calvinc interval ranced from 35€ days
in 1947 to 511 days in 1955 (Table 5.24). The least squares
means for calvirng interval was 403.6 days and 4C3.8 days
for Bunaji and Sckoto Gudalil cows respectively. ZAnalysis of
variance computed separately for Eunaji and Sokotc Gudali
breeds confirmed that only the effect of year of calving was
significant (P<0.C01) (Ppperndix 7, Tables 25 and 26). The
least squarees estimates for calving interval for each breed
are shown in 2ppendix 7 Tables 27 and 28. The results show
that the mean calving irterval was 406 days and 398 days
respectively for Eunaji and Sokoto Cudali cows. The average

calvinc interval pooled over the years and months respectively
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Table 5.23. Analysis of variance for effects cf breed, vear, month
of calving and calving interval rurber on calving
interval of PRunaji and Sckoto Gudali cattle breeds

Source of D.F. Mean squares F. Significance

variaticn (days? )x (10%) value level

Main effects 43 132.23 5.08 0.601

Breed 1 0.05 0.00 0.97

Mm 11 25.54 0.9&5 ﬂ._f.C

Parity 8 50.72 1.95 0.05

Residual 2937 26,03 - -

Total 2980 27.52 - -
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Table 5.24., Estinated least squares constantg (L.S.C.) and means (days)
for calving interval of Punaji and Sckoto Cudali cattle

Class Number of L.s.C. Mean S.E.
Animals
Overall 29€1 = 403.70 2.95
Year of calving:
1924 75 4.12 407.52@ 18.63
1935 84 ~31.25 372.45 17.5¢
1936 99 ~52.54 351.16° 16.21
1937 113 -53,53 350,175 15.18
1938 119 -51.46 352,245 14.79
1939 130 -56.,27 347.43° 14.15
1540 115 ~46.13 357.57° 15.05
1941 136 -47.54 356.16§ 13.84
1942 137 ~15.79 387.914 13.78
1943 127 29,16 432,86 14.32
1644 168 18.75 422.45_ 12.45
1945 159 -3, 16 400.54 12.79
. 1946 177 -3.04 40066, 12.13
1947 197 -47.94 355.76,, 11.49
1948 176 -32,15 . 371.55 12.16
1949 103 30,12 433.82? 15.89
1950 90 49.25 452,95 17.00
1951 06 30.99 434.693 16.46
1952 129 23,29 426,99 14.20
1953 160 36,41 440.11° 12.75
1954 91 32.31 436.01g 16.91
1955 79 107.51 511,213 18.15
1956 112 20.46 424.16;, 15.25
1957 109 58.43 462.13" 15.45
Parity )
1 82¢ 17.72 421.42% 5.63
2 €88 -87.07 316.€3 6.15
3 491 ~1.63 402.o7§ 7.28
4 253 -5.22 298,48 8.59
5 251 5.30 409.00° 10.19
6 190 9.62 413.32° 11.71
7 130 3.94 407.54‘;e 14.15
8 58 57.34 461.04 21.17
Month of calving:
January 238 6.85 410.55 10.46
February 170 11.92 415.62 12.37
March 196 21.85 425,55 11.52
Ppril 239 g.85 412.55 10.44
May 249 2.71 406.41 10.22
June 237 ~10.60 393.10 10.48

July 223 -8.52 395.18 10.81
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Class Number of BB L Mean S.E.
Animals

Mqust 269 ~10.51 393,19 9.84
Septenber 326 -2.29 401.41 8.53
Cctober 314 -£.99 396.71 2.10
Neveriber 274 -13.39 350.21 8.75
Decenber 246 0.12 403.82 10.29
Rreed of Animals:

Bunaji 2114 ~C.14 403.56 3.5
Sokoto Gudali 867 0.14 403.84 5.48

Within variable groups, row neans followed by the same letter do not

differ significantly (P>0.05),

If no letter is used, it indicates that

the varighle did not show a sicnificant difference in the analysis of

variance.
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are given in Figs. 14 and 15.

5.6.2., Discussion

The present results for calvirg interval compare well
with reported valves for Bunaji (Wheat et al., 1972; Wheat
and Ercadhurst, 19€8), and for Sokoto Gudali cattle (Wheat
and Eroadhurst, 1972; Sada, 1968), and fall within the
reported valves for Zeku cattle., The results of this study
cn calving interval indicated that both the Funaji and
Sckoto Gudali cows calved in a duration which was over one
year. It is desirable to reduce the calving interval for
both kreeds, sc a2s to ensure that the cows of both breeds
calve once in twelve tc thirteen months. As calving interval
includes lactation length and dry period)a gocd rationale
would be to reduce the dry periocd (by allowing a rest pericd
of 60 days for covs) to such a length that would ensure the
uterine involution and the cows' readiness for the next
conception, while at the same uphcld e lactaticn length that
éupports good milk yield (by providing ¢ood nutrition for
body maintenance and milk yield) that would enhance an overall

profitable animal production enterprise.

5.7. Subsequent calvinc interval
5.7.1. Results

The analysis of variance for effects of breed, year,
month of calving and parity on subsequent calving interval
with lactation length included as a covariate in the model
is given in Table 5.25. The effect of year was very highly

significant (P<C.C01), while the effect of parity was
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Znalysis of variance for effects of breed, year and
month of calving and parity on subsequent calving
interval with lactation length as coverilate for

Bunaji and Sckoto Gudali breeds

Source of L.F. Mean squares F. Significance
variaticn (days? )x (104) value level
Covariate:

Lactation length 1 £5.79 33.87 0.001
Main effects 43 8.32 3.69 0.0017
Breed 1 0.50 0.20 . 0,66
Year 23 13.3C 5.25 0.001
Month 11 2.48 0.98 0.46
Parity 8 5.63 2.22 0.02
Pesidual _ 2708 2.53 - -
Total -

2752 2.67 -

Covariate lactaticn length b = 0,20.
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significant (F<0.C2). However, the effects of breed and
menth of calving were not significant (P>C.05). Thus the
differences Lbetween breeds and month of calving can ke
partly explained by the variation in lactation length. The
regression of lactation length on calving interval was b =
0.20. The mean subsequent calving interval whi;%;glmilar
fer both breeds)were 403 and 402 days respectively fcor
Eunaji and Sckoto Gudali cattle,

When dry period was included as a covariate in the
analvsis fof variance model for subsecguent calving interval,
year and parity were very hicghly significant (P<C.C01),
while breed ané month of calving were nct significant (F>0.05)
(Teble 5.26). The variation in dry period also explained
partly the differences between breeds and month of calving.
The regression of dry period on calving interval was b = 0.81.

The inclusion of 305~day milk yield as a covaeriate in
the model of the analysis of variance of subsequent calving
interval incdicated that only the effect of year cf calving
was very highly significant (F<0.001). The effects of breed,
month were not significant (E>0.05) (Tzable 5.27), while the

SJ‘C N&."f
effect of parity significant level (P<C.03).

5.7.’4: Discussion

The significant regresesion obtained when lactatiorn length
was regressed con subsequent célving interval car be attributed
to the fact that lactation length is a part of the subsequent
calvinc interval. The same reason is attributazble to the

gitvaticn when dry period vias regressed on subseqguent calving
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Takle 5.26: Analysis of variance for effects of breed, year and
ronth cf calving and parity on subsequent calving
interval with dry period as covariate for Punaji and
Sckote Cudali breeds

Source of D.P: Mean squares F. Significarce

variation (days? )% (104) value level

Covariate:

Lry pericd 1 5574.47 4079327.55 0.001

Main effects 43 3.51 5.87 0.001

Breed 1 0.04 0,07 0.80

Year 23 4.54 7.60 0.001

Month 11 1.45 2,42 0.006

Parity 3 3.c8 5.16 0.001

Fesidual 2708 0.60 - -

Total 2752 2.67 - -

Covariate dry pericd b = 0,81
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Analysis of variance for effects of breed, year and month
of calving and parity with 305-day milk yield as covariate
on suksequent calving interval of hunaji and Sckoto Gudali

breeds
Source of D.F. Mean Squares F. Significarce
variaticn (days? )x (104) value level
Covariate:
305-day milk yield 1 18.45 7.04 0.008
Main effects 43 9.84 3.75 0.001
Breed 1 0.56 0.21 0.65
Year 23 14.44 5.51 0.001
Month 1 2.67 1.02 0.42
Parity & 5.54 2.1 0.03
Residual 2508 2.62 - -
Total 2552 2.75 - -

Covariate 305-day nilk yield b = 0.02
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*

interval, because dry perilod is part of calving interval.
Thus the lactation length woulé influence the subsequent
calving interval period and can als¢ underline the length
of Adry period. It 1s desirable to ensure a lactation

lenqgth of about 200 days duration that would support hicgh
milk vield since in the tropical kreeds the lactation length
determines the amount of milk given in a lactation. The
milk yield per day of calvirg interval varies Jjust a little
between breeds. The dry period should be no longer than 60
days to ensure adeqguate rest for the cows and prepare them
for next concepticon and calving. 2As such a proper balance
would ensure an.adequately long lactaticn length fqllowed .
by encugh dry peried that is not too long to ensure a calviné
Interval that would allow cows calve once in about thirteen
months.

Tre effect of the inclusion of the 305-day milk yield
as a covariate in the model for subsequent calvirg interval
emphasised how an unduly long calving interval would result
in a lower milk vield in the-subsequent calving. Trhffs animals
having a low reproductive performance would manifest a lower
milk yvield. Thus it would be desirakle to ensure a good
reproductive performance by cows calving every thirteen months

n

while[addition, the lactation length shcould be of & desirable
\

duration that weould enhance good milk yield and allow just -«

enough period for dryness of the cows to optimise the calving

interval that is not too 1long. ' R SR A R

The results obtained in this study of 405 days (13.5 1 ¢

months} for subsequent calving interval, although slightly

1
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bigher than the value of 12.2 months recorced for Bunaji

by Knudsen and Schael (1970), fall within the reported
valves for Zebu which ranged between 11.3 months (Wheat and
Broadhurst, 19€8), and 17.¢ months for Rahaji cattle
(Wheat, 1972). There is a strong necessity to ensure that
cows calve cnce within twelve to thirteen months, and this
can be achieved by pursuing & goel of & subsequent calvirg

interval that support an efficient cattle production.
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EODY WEICHT

6.1. PBirth weight
6.1.1. Results

The analysis of variance for effects of breed, year
and month of calving, parity and sex of calf on birth
weight of calves is presented in Table €6.1. Results
revealed the very highly significant effects of year, month,
parity and sex of calf on birth weight (P<C.001). The
effect of breed also showed highly significant effect on
birth weight of calves (P<C.004). The least squafes
estimates showed that the overall meen birth weicght was 22 kg
(Table 6.2). The year effect indicated that birth weight
ranges from 20.7 kg in 1953 tc 23.5 kg in 1947. The birth
weicht tended to ke hicher in earlier years, although this
trend was not consistent. The effect of parity manifested
a consistent pattern and maintained a higher birth weight.
The least squeres mean for month of calving show that calves
born in January and June to Octoker have slightly heavier
birth weight. The sex of calves revealed that male calves
were heavier then female calves.

The inclusior of dry period as a covariate in the neodel
tc investigate its effect on birth weicht did not show any
effect on the level of significance regarding year, month
and parity (Takle 6.3). When calving interval was ‘included
as a covariate in the model for the analysis of variance

of birth weight of calves, the significant levels - of the
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Table 6.1. PAnalysis of variance for effects of breed, year, month
of calving, parity and sex of calf on birth weight of
Bunaji ard Sckoto Qudali breeds

Source of D.F. Mean squares F. Significance
variation kg® )x (107 ) value level
Main effects 44 1.31 . 10.48 0.001
Breed 1 1.05 8.40 0.004
Year 23 0.85 7.11 0.001
Month 1 0.64 5:17 0.001
Parity 8 1.29 10.37 0.001
Sex 1 19.04 ' 152.94 0.001
Residual 3602 0,12 - -

Total 3646 0.14 - -
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Table 6.2. Fstimated least squares constants (L.£.C.) and
reans (kg) for birth weight of Iamaji and Scketo Cudali

brecds
Class Nurber of ) 595 S ) Mean
IAnirals
Overall 3647 - 22.22
Year of calving:
1924 91 0.19 22.03°
1935 114 0.74 22.96;
1936 122 C.28 22.50%
1937 143 0.65 22,87,
1938 144 1.03 23.25,
1920 145 _ 0.38 22.60
1940 139 0.75 22.97,
1941 176 1.02 23.24,,
1942 166 -0.34 21.86_
1943 171 -0.82 21.40
1944 213 ~0.44 21.782
1945 179 -0.67 21.55_
1946 199 0.46 22,580
1947 232 1.30 23.52
104€ 190 0,22 22.002
1949 111 -0,64 21.56°
1950 118 0.75 22.97,
1951 151 0.28 22.507
1952 155 -0.07 22,15,
1953 172 -1.49 20.737
1954 106 -0.38 21.84
1956 136 -0.82 21.40°
1956 127 -0.42 . 21.80°
1957 147 -1.04 2..18
Parity of calving:
1 41 ~0.97 21.25:
2 757 -0,64 21.580
3 651 0.33 23.55
4 468 0.11 22.33)
5 330 0.31 22.53
6 240 0.03 22.25)
7 181 0.10 22.32,)
8 123 © 0,31 22.53
9 57 0.42 22.64
Month of calving
January 295 0.21 22,437
February 231 «0.23 21.99
March 243 -0.33 21.890
April 301 -0.50 21.72°
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Class Nurber of L.S.C. Mean
Animals

Month of calvirg:

May 308 -0.51 21 .71‘;

June 232 0.61 22.83c

July 260 0.9 23.12

Proust 28 0.51 22,735

September 378 0.18 22.40

October 359 -0.12 22.1og

Novenker N =-0.41 2..81b

Decerber 310 -0.31 21.91

Ereed of Anirals:

Bmnaii 2553 -0.18 22.04;

Sckoto Cudali 1094 0.18 22.40

Sex of Animals:

Male 1804 0.73 22.952

Ferale 1643 -0.73 21.49

Within non crope, variable means followed by same letter do not
If no letter is vsed ’

differ significant (F>0.05).
was obtained in the analysis of variance fcr the variable.

no significarce
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Table €.3. Pnalysis of variance for effects of breed, year, month
of calving and rarity on birth weight with dry pericd
as ccvariate for Bunaji and Scketo Gudali breeds

Source of O.F. Mean sqguares F. Significance
variation (ka® ) (10%) value level
Covariate:

Dry pericd 1 1.€6 13.26 0.001
Main effects 43 0.72 g.72 0.001
Preed 1 1,10 &.77 G.003
Yeaxr 23 0.70 5.58 0.001
Month 11 0.38 3.05 10.001
Parity g 1.15 9.19 G.001
Regsidual 2646 .13 - -
Total 2690 R - -

Covariate dry period b = 0,001,
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effects of year, morth and parity were not affected (P<0.001), but the
significant level of breed was reduced (P<c.06) (Table 6.4). The
covariate for dry period was very highly significant (P<G.001), while
the covanate for calving interval was negative and not significant
(P=0.21). The average birth weight grcuped by year and nonth for the
two breedes combineé, are presented in Figs. 1€ and 17,

respectively.

€.1.2, Discussion

The effect of parity on birth weicht which showed a
consistent pattern of higher birth weight is due to the
fact that heavier cows procduce heavier calves. €£ince cows
attain heavier body eize at later parities, they possessthe
capacity to produce heavier calves at later parities. Fcwever
it is not desirable to pursve increased  heavier birth
weight in calves as this may involve difficulty in calving.
Cr. the other hand birth weight per se 1is not an ecoromic
trait but affords the estimation of the preweaning growth
rate in calf production and can determine how quickly a calf
can attain wearinc weight givgn a uniform weaning age.

The menth on birth weight show that calves born during
June to Octoker had slightly heavier birth weight. this can
be attributed toc the cows having available post-rainy forage
which would enhance the crowth of the calves in the later
gestation period. Thﬁ‘ situation emphasise the importance
of the provision of good feeding to gestating cows to enhance

the growth of their calves in the late gestation period.
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Table 6'.4.. Analysis of variance for effects of breed, year,
parity on birth weight with calving interval as
covariate for Punaji and Sckoto Gudali breeds

Souxrce of D.F. Mean squares F. Significance
rariation L {kef? ) (107 ) valie level
Covariate:

Calving interval 1 0.21 1.58 0.21

Main effects 3 0,71 5,32 0.001
Ereed T 0.46 T 3,48 0.06
Year .23 0.71 5.32 0.001
Parity - 7 . 0.73 5.48 0.001
Residual 2772 . 0.13 - -

Total 2805 0.14 - -

Covariate calving interval b = 0,001



™

23.5

23.01

22 .57

21- 51

2104

Birth weight (kg)

MO.U;I

20.0¢

15.0 T T T T 3

T ¥ L T v L T T i T 1

T T T T T T 4

34 35 36 37 38 39 40 41 42 43 44 45 46 47 4B 49 50 51 52 83 54 55 56 57
YEAR OF CALVING

FIG. "I Drearly average birth wieght of combined Bunaji and Sokoto Gudali breeds.



2357y
23071
— 2257
(@]
x
p
Re
o Wk d
2 22-0
i
T
m
21.5t
21‘0 + + t + + # + t +

JAN. FEB.MAR APR. MAY JUN. JULY AUG. SEP OCT. NOV. DEC.

MONTH OF CALVING
FI1G. 17 Monthly average birth weight of Combined Bunaji and Sokoto Gudali breeds.



195

The mean birth weight was 22 kg in this study and is
within reported valuves for Zebu cattle which ranged from
21.€ ko in Azaouak, to 23.4 kg in Rahaji and 22.6 kg in
Bunaji (Wheat, 1572; Wheat et al., 1972). The average birth
weicht for male and female calves of 22 kg and 22 kg
reported in the present study falls within the range for male
zebu calves of 22.6 k¢ and 24 kg for Azacuak and Rahaji
anc¢ 23 kg for Bunaji, while the recorded birth weight for
female calves was 20.8 kg and 22.8 kg (Wheat, 197z; Wheat

et al., 1972).
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CHAPTER SEVEN

GENETIC AND PHZNOTYFIC PARAMETERS
7.1« Heritability estimates
7.1+1. Results
The si» analyses for 305 day milk yield, laciztion

lenzth, calving interval, milk yield per day of czlving
interval and birth weizght are shown in Tatle 731 for
bunzji cattle, while that for Sokoto Gudali catitle are
presented in Table 7:2., The heritability estimztes for
these traits 2re given for Runaji cattle and Sooto Gudali
ca2ttle, respvectively in Tables 7:3 =nd 7:l.
7+%1+2. Discussion

The heritability estimates of first lactztion milk
yield for Bunaji Eattle is larger than that for Gokoto
Gudali cattle (0,59 compared with 0,34)., These vzlues are
larger thazn the reported estimate of 0,22 for the lNorthern
Sudan shorthorre Zebu (Csman and ZL Amin, 1971). The values
nowever corpared with the heritability value of 0,52 reported
by Galukande et 3} (1962) for first lactation milk yield for
the Cast African Zebu. The high heritability vazlues recorded
for the 'first lactation milk yield suggest th=t the trzit is
kisnly heritsoble and considerable improvement can e achieved
if selectior is used on milk production in the first lactation,
Crznted that the first milk yield has less kno'm envircnmental
factors influencing it than subsequent milk yield, the heritabi-
1ity values are 2 little higher than expected. Fizh heritabilit:r

values are ohtainahle where the known environmertal effects have
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Tabhle 7:1 Sib Analysis for lactation 385 dav milk yield,
lactation length, calving intervsl, drvy oeriod,
age at first calving, milk vield »er d-v of
calving interval and birth weight of c-lves for
Bunaji breed

Mean snquares

Between sires {iain sires
Trait oL x(103) d.t, v (103)
First milk yield(kz®) 38 1,83.72 328 185,81
Second milk yield(kg®) 30 394,77 307 167,52
Third milk yield(kz®) 21 308,61, 216 161 .84
ALl milk yield (kgz°) 356 938,66 1765 166 .87
Firstolactation length
(dzys=) Ll 19.95 L2l - 9.82
A1l lpctztion length | '
First_calving interval
(days<) Ll 79.86 LE? 13,37
411 calving interval
(days?) 55 Lho,03 1619 25,51
First dry reriod(daysz) L6 I17.82 LEs 33.69
111 dry veriod (days®) 56 L7 17 160¢ 28,71
(Aayedy TEEeRIvVIOE 50,40 N2 17,57

Mean sScuares
"etween s%res ‘:ithin sires

mrzit d.f, x(1¢") ¢.£. x (107)
11k yield ver day(kgZ) 49 5,08 4L5R 1.27
nirth weight (kz2) - 65 68,97 24035 11,99
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Sib_ﬂnalysis for lactation 305~day milk yield,

49.95

Table 7:2 1
: _ lactation length, calving interval, drv period R
age at first celving, wilk yield per dey of g
calving, interval and birth weight ol calves for .
Sokoto Gudali breed, 3
Mean sgueres
Tetween sires Jithin sires
Trait . 4.1, x(10°) a.f.  z(40°)
First milk vield{kz") 1h 394411 131 208,51
Second milk yield(kz®) 12 232,34 108 150.5kL
Talrd milk yield (kg”) 7 264,63 70 200.28 ‘
211 milk vielgd (kgz) 2y, - 695.71 608 - 248.81
First _lactation length _ artie, dE i <
(dayse) W 20,139 M6 dr 10,29 .
411 lactztion length B P
(da}’sz 2!4. 25.08 6b5 AR 079
First calving interval Avec e dieng deee
(days<) 18 20,83 -0 9nrR2,8
All calving intarval It ealvi o iy Ta
(dryse) 23 17216 Sh3 ¥l 10,12
First dry periocd (days®) 18 3451 183 1~ 26,95 y
411 dry period (days<) 23 25,53 B17 21,15 ’
Age a} first celving . BT T I
{(Azyvg?) 18 87.52 162 765,99
; Mean sjusres
Tetween sires [itnin sirecs
: - 1 ) 1
Trait d.f, *{10 ) .10, x(1G )
| Milk yield ver day{ks®) 20 3.50 457 ik viq Lo er day
. D o ‘ o
Birtn weight (kg ) 30 735 16,40 (&g )
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mable 7:3., Heritability estimates for lactation 305-day
milk yield, lactation length, czlving interval
dry period, age at first calving, milk yield
per day of calving interval anc birth weight
of c2lves for Bunaji breed

——

Heritability
it d.f. ostinate .
sirst lactztion milk :
vield 360 0.59 0,2

secongé lzctztien milk

yvield 337 0.145 0.

i8]
—

Taird lactztion

nilk yield 237 0,0 N,20
11 lzctation milk

vield - 1849 0,5 C,12
*irst lactation

lenith L6E 0.36 0.1¢c
111 lacteztion length 20€5 0.26 .07
Tirst calving

intarval 505 0.25 0.1
11 calvinzt intervel 1704 0.13 0.C5
irst dry peried 511 0,15 0.11
11 dry veriod 1660 0,05 0.04
e a2t Lirst calving hal 0.2 0418
11X vield rer day 1507 C.37 0.01%
irth weisnt 2170 0440 U VY
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e 73l Meritability estimates for lactation 305-day

nilk yield, lactation length, calving interval
dav perio?, age at calving, milk rield per day
of calvin: interval and birth weizht for Sokoto

Gud=11i brecd,

Heritability

- e e e

HMirst lectation milk

Jecond lact-otion milk

yield 120 C.2? 0.26
Third Tactstion milk

vield 77 0,*7 0,39
w11 lzetation milk

vielcd €32 0.27 0.12
First lactation length 16C 0,3 0.27
Wl lactztior lensth Slale 0.2% Cat2
Tirst calving intervzsl 200 0,26 0.21
11 czalving interval 566 0.12 .08
irst dry period 201 0.10 0.15
/11 dry period 540 C.Ch C.06
‘ne 2t first eslving 2C0 0e12 Ne16
1ilk yield per 2sy 277 0.25 0.13
Zirth welicsht 765 C.3Z @ -
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low effect*s or c2n Ye removed as wos Gone in tais stucy,
However, milk yield is a fitness trait, which means %o
provortionate contribution of the offspring to tne next
generaticn, natural selection does not act against milil:
yield thus reritability of milk vield rnizy be hish while

n=tural selection act against reproduction trzits. The

herit-bility estimates in the seconé -id taird lactaticon

= -

-

milk yield@ dropred in both breeds, Tiir mzy be the
manifestation of unknown environmerinol effects such zc
poor feedinc, voor forage feed, whican were not observer

in the first lactation., As subseguent lzctations are vrrone
to more environmental influences thsn first lactavicn {llic
situation is expected: The heritrhilitv actimates for =11
lactations recorded in this study were 0,31 =2nd 0,35,
respectively, for Bunzji and Sokotc Guczli csttle, There
values appear slightly high, beczuse - turzl selection crec
not act arainet milk vield and these values suggest ti-<
there is a lot of potentizl for improvin; the milk yvieclc

in both treeds by selectirg for incre-sed milk productio:n.
The hizh heritability as obtained ir tie oresent study

underscore the fact that not much selecction has been practise

b

in tke twe breeds and that the votentizl for increaser .21
yield@ may have hitherto been masked 2 the effects of i1
environmental factors, -The heritatilitr values obzained
for all lactation yield fall within the ranze reported in
the literature for Zebu cattle of betieen 0,2} and 0,67

(Alim, 1960; Foster, 1962), Osmen (1970) recorded a
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heritability estimate of 0,36 for the “orthern Sudan
7Zebu cattle. The method of estimaticn used in tais
study which was paternal half sib tenés to give low
estimates, and as such could not have influenced the
estimzte when compared with the regression of daughter
on dam method, which always tended tec rive a higher estimate
than the paternzl Fzlf-si* metrod,

The heritability estimate for first lz2ctation
length recorded in this study for Zun-Jji znd Sokoto
cattle were 0,36 and C,3l respectively, The heritatilii;-
estimate for this reproductive trzit is lower than for
milk yield, As lactztion length is = fitness trait,
which means the proportionate ccntritution of offsprin;
to the next generation, and natural sclection does not
act agsainst milk vield, this may result in hisgh heritabi-
lity for milk. As lactation length in the two breeds
are slichtlv lower than other bhreeds and this trait hos
2 heritzhle basis, its lower ueritzbiliiy estimate comparzd
with milk yield is quite apparent., The heritability
estimates for first lactation length for the two treeds
of cattle f311 within the ranse reporited for Zetu catil:
of between 0,11 and 0.L47 (Mahadevan 2nd Farples, 19613
Galukande et 2l,, 1962), The estimites of heritability
for all lactation length obtzined in thie studv, whick
were 0,28 znd 0,26 for Runzji =nd Sokoto Sudzli cattle
are of the order reported for Zebu c=ttls which varied
from 0,11 to 0,50 (COsman and EL Amin, 1971,3; Galukande

et al.,, 1962), The trovical breeds o~ ccttle tend to
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manifest short lactation length, as suci that both
Bunaji and Sokoto Gudali cattle show & relatively lower
heritability estimates for lactation length as compared
with the heritapility estimates for milk yield, may be
attributed to natural selection enhancin; milk yield
and z2cting azzinst lactation length,

-~

Tie estinmates of the heritabilitr ol the first and
all calving intervel obt#ined in this investigation

which were respectively 0,28 arnd 0,12 for 3unaji and

0,26 and 0,12 for Sokoto Gudali cattle sl:ow that the
first ealving intervzl was affected less by the natural
selection than lz*er calvinz intervals, Tae results
indic2te that a substzntizl imrroverent e-+11 »e made

by selection for first calving intervzl tirnlater calving
intervals, The heritability estimztes ottained in

this study for first calvine interval is 2izher than
estimztes recorded in the literature wiich rangzed

from =0.10 to 0.N5. Lowever, the estim-tes obtained

for all calvinz interval are of the orcer recorded in

the litersature (Mahzadevan and Marples, 19613 Gz2luikande

et 21,, 1952; Oswan and EL anin, 1971).

The estimates of heritabvility recorded in this studv
for first snd 21l dry pericd of between 0.,41% and 0,09 for
Suraji a2nd between 0,10 and 0,CL for .Jozoto Gudali cattlc
are within the repurtéd values In the literature which
were -0,53 to 0,29 forfirst dry perioa =ad 0.06 for sll dry

period (M=hadevan and Marples, 1961: Gzlukande et al,,

16623 Osman and EL Amin, 1971).
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The heritatility estimates recorded Ior age at
first calving in this study were 0,12 for btoth Bunaji
and Sokoto Gudali cattle, This result indicated that
improvement in age at first calving would bte slow by

selectiorn in Yoth treeds, This result irdicate that

fﬁmiry selection would be cesirzhle +n make imorovement

for this renroductioh treit heczuse of the low heritabi-
lity estimete, As such a much intense selection nust

be applied to achieve znpreciable improvensnt in this
trait, This is more so as increase in age at first calving
teyond 50 monthes does not result in increase in nilk yield
beczuse at this esge, the relationship tetween milk yield

and age at first czlving which was linear between 23 and

arnd Rendel, 1968). The estimate recorded in this study
for aze =zt first calving zgrees with the wvzlues of
tetween C,08 =2nd C,12 found in tne literature (iianadevan

-

and larples, 19613 Csman and EL Amin, 1271). However,

Galukande et al. (1562) reported an estin=te of herita-
bility of 0,25 for age at first calving for the cast
~nfrican Zetu cattle,

The heritahility estinates for milVv vield per day
of c=lvinz interval recorded ir tvis studv were N,6137

-

azrnd C,25 respectively for “un=ji 2nd fe%co Sudali
cattle, These results indicate that 2 substzntial
improvement can be made ty selection To» inerezse for

milk yield ver day of calvine interval in the two breeds.



205

Siice yield per dzv is the yield per herd life, the
improvement can be achieved. FHowever, in trovical
czttle there is less variation in milk yield per day,
wirile more verintinn exists in lactation len~i:, a;iéh

£ - v AP . 4 o . . o
5 t.ae reverse of wnat iIs observed in tenperate Ireeds

- castle, The estimates obizined for milk vie
dry 0f calving interval are within the rance renorted

in tiae literzture of bYetween 0,23 and O,45 (ilahiadevan
annd ilarples, 19€1; Galukande et al,, 1962),

‘ne heritability estimates of birth veirsht of calves
obteined in this study for 3unaji and ToXkoto Tudali
cnttle were 0,40 a2nd C,22, respectively, These osiima
uwderscored th=%t i--rovemant czn te accomplished bv selac=-
tion for hesvier c=zlves at ®irth, Fowever, zc tirth
weizht per se is not z2n economic trait Ttutl ornl:” ~ssists
cz21l{ sarvivel and the estination of the preve=rin: rate
of 5zin, the emrhasls placed on increased %iril weirkht

s
| ot B b al

+
ug ol bbb ina ;r

y ililereased

(J.
B
vl
o)
w
4]
l‘
]
r

skould not be over

cnlvin: @diffic 1ty amongz the cows of co2ctive breeds.

endcgy - -

.- - . - 2 = - % Pt T 3, (T Dt o Y Tt ot b
Tre estiaetes obteired for nerilability for Lirztl weight of
czlves in this study fall within the reportedc voiues of 0,33

- e PR PR DR S Pie e I R o -
for gande cattle Salnla levar znd isernles [ to N eng Ot
<3 . ) - ’ ’

for Jokoto Tudzli cattle (“reat and Brozdhurs:,

1872) o
7+2. UGenetic correlation
Te2ela itesulis

Tae correcticn factors for adjusting for fixed effects
uelore estimatine the genetic parameters are ziven in
Table 7:5(A) to 7:5(D). 1n view of the small sample size

for each breed of cattle and because of the flretuztion in
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the constants within each breed, the pooled popul-tion of the
tvio Treeds was used to generate the constants uced to adjust
for the fixed effects for each breed by additive nmethod.

Tne variance and covariance for first, second angd third

milk yield =2re nresentad for Tunali czttle in Tztle 7:6(4),

e

viiile thet for Sokoto:udali czitlse zre slhown in Touhle Ti7(s)
The -enetic correlations retween the first, sfeeovd 24! third
millk yield for "una3ji c=2ttle zre presented in T-1le T7:6(R),

vwrile that for Sokoto Gudali cattle are shown in Tatle 7:7(5).

Results shoved trat the genetic corre-laztion tetween the first
three milk yield for nNunali cattle varied between rg = 0,65 and
rg = 0,81, while the corresacrding values for Uo%oto Gudalil
czttle ranged frem rg = 0,68 and rg = 0.99.

Thae variance ané covariznce for first milk vield and first
yiell reprcductive traits are given reospectively for RPunaji and
Soloto Cudali cotile in Tables 7:8(:) and 7:9(.)s The pgenetic
correlations btetween these reproductive trzits =znd first milk
yield for Punaji and Sokoto Cudall cattle are siicvm in tnat

oraecr in Tatles 7:8(B) and 7:9(R). Results shoved that for

4]

Zunzji catile the zenstic correlzticnc between first miik yielcd

ancC. Zirst reproductive traits varied between rz = 0.17 and rg = C,

whi&ﬂafar Soketo Sudzli czttle the vzlues ranzed from rz = 0.19 to

L
1"{;-'3':':':.

=-n
et
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Table 7:5(A). Additive correction factors for lactation
“length, calving interveal 2ngd dry period for
both Bunaji and Sokoto Gudall cattle.

Lactation - Calving hry
Year length interval period

Correation fzctors

193k “18,71 <z 70,66
1935 '_ 8.75 31.2§ 3100
1936 11.95  © 52.8k  26.83
1937 1345 53.53 . -6.56
1998~ 14.08 51,6 L. 1.2
1939 18.07 56,27 - . 2,62
4940 7.17 46,13 T 0w
1G11 42,15 . 1L7.5h 21,65
1912 7.5 15,79 13078
1943 -3.95 ~23.16 : 1- G.12
1504 90,50 -28.75 S 13.17
1945 7.49 3.16 . 31.39
1946 8,30 3.0 15.62
1947 23,75 | L7.94 | -21;,03
1948 1.69 32,15 ~41.65
1949 -20,26 30,12 o 2,45
1950 -27.,01 45.25 O 0.97
1951 -11.69 -30.92 29,89
1952 ~11,76 © =23.29 21,03
1953 - 3.39 361 55,11
1954 | 6.67 oo =32.31 ~30.69
1955 h.el . =107.51 ~2.23
1956 -27.12 -20.46 17,50

1957 12,72 - -5B.h3 ~78.5)

Lo




Table 7:5(A) Continued.

W . N O Wn

Lactation Calving Dry
length interval peridd
Parity Correction factors
1 13,87 =772 -23.53
2 23.25 87.07 -20.69
3 19.48 1.63 3.31
N 10,62 5422 11.33
-4.89 -5.30 20.40
-15.12 -9,62 19.46
1.67 -3.94 13459
19,78 -56.3) -514403
-29.01 - 30.11
Month of czlving
January -17,06 -6,85 37.05
February -2.35 -11.82 10.62
arch -S,5h -21,85 -11.75
April 1,97 -8.65 -1.28
ay 4.G3 =2.71 -10.0
June 14,86 10,60 -13.87
July 4o Oy 8.52 - .57
Aazust 11,27 10.51 12,58
Septemher C.G3 229 18.78
Cctoter 3.42 €.99 -21.94
llovember 6.2l 13.35 =11.65
December 3.83 -0e12 =l o117

......
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Table 7:5(B). Additive correction factors for milk
yield, first milk yield =nd yield per
day for both Bunaji and Sokoto Gudali

cattle
Milk yield First milk Yield ver
yield cay

Year Correction factors

1934 -70,02 ' 50,6 -0.19
1635 -20,58 =167.7 -0,02
1936 -47.69 -119.0 -0,39
1237 -60.27 =151.5 -0.48
1938 -62,08 -357.1 =047
193¢ 33.52 -330.8 ~0,16
1240 -35,.52 -208,8 -0,37
1941 ' 40,15 =160.1 -N,08
1942 90.02 -138.1 -0.03
1943 10,89 -61.0 0,19
1901 187.54 -99,2 0.55
1945 1190y, 107 .8 0,45
1946 111.18 -30.5 0.3
1647 168.56 =112.6 0.3
1948 60,66 84.9 0.26
1949 «157.79 29542 ~0,31
1850 -121.7h 166 .1 -0.,06
1951 -120,58  354.9 -0.17
1952 -148,89 154 ¢1 -0.20
1953 -22.,145 21,6.6 0.11
1954 -23.55 7742 0.20
1955 -67.20 -50,0 0.26
1956 - 112 Jf 27.0 -0.33
1957 54.56 36,7 N.39




Table 7:5(B) Continued
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Milk vield First milk " Yield per day
yield

Parity Correction factors
1 212,92 - 0.33
2 190.3 - 0.0S
3 81.09 - ~0,22
Iy 40,86 - ~0.42
5 -6,,08 - -0.53
6 -125.89 - -0,32
/4 -30,57 - -0,51
8 ~123.95 - ~0,37
9 -180.68 - -
Month of calving
Janusry -85,63 ~6,L -0,25
February -102,17 -82,2 -0,22
March -45.11 =}45.5 -0,23
horil 0.43 ;87.3 0,02
May 587 =317 0,06
June 83.94 125.,0 0.15
July 3774 =101y 0,09
August -75,71 77 4 ~0.C3
September 28,27 22.4 0.09
October 50111 -14.9 0,16
Movember 87.77 67.5 C.11
December -3 .81 -13.0 -0,01

L
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Table 7:5(C). additive correction factors for first
lactation length, first calvinz interval and
first dry period for boih Lunzji and Sokote
Gudali cattle

Tirst lactation First calving First dry

length interveal period
Year Correction facgors
1934 -18,71 : - h.12 70.66
1935 8.75 31.25 31.84
1936 11.95 52.54L 26.83
1937 13.45 £3.53 -6 .56
1938 14.08 51.46 1.62
1939 18.07 56.27 2,62
1940 717 - 46,13 0.91
1941 12.15 L7.5! 21,85
19142 =7.51 15.79 13,78
1913 . -3.55 -29.16€ 9.12
1944 -10.50 -18,75 13,17
1945 718 . 3.16 31.39
1946 8.30 3.0l 15.62
1947 23.75 L7.94 =201 .03
1948 1469 32.15 -4#4 .65
1949 =29.26 -30,12 2.L5
1950 -27.01 -,2,25 0.91
1951 -11.69 ~30.99 ~29.89
1952 -11,78 -23.29 21.03
1953 - 3.39 | =36.01 -55,11
1954 6.67 -32,31 -30.69
1955 6.6} =107.51 - 2,23
1956 -27.42 -20,46 17,30

1957 12.72 -48.43 =78.54
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Table 7:5(C) Continued, T

First Lactation First crlving First drv

length ‘ intervzl period
Month of calvinzg:- ~
January -17.06 - 6,85 37.05
February - 89.35% -11.92 10,62
March - 5,54 -21.85 ~11.75
April | 4497 . - 8,88 - 1.28
May h.93 - = 2071 -10.0
June 14..86 10,60 ~13.67
July o LhL.ob 6,52 - .67
August -11.27 10,51 12,98
September 0.93 2,29 18.7C
October 342 6,99 =219
Noverbher 6.2 193,39 -11.68
December 3.83 ~0,"2




213

Table 7:5(D) Additive correcticn factors for age at
first calving and birth weight for Bunaji
and Sokoto Gudali cattle

Age at first calving Birth weight
Year Correction f=ctnrs
1934 16,26 0.19
1935 42459 -0.74
1936 178,81 . 0,29
1937 69.94 0.65
1938 120,37 1.03
1939 120.25 0,38
1940 80.88 0.75
1911 49,89 1.02
1942 82,84 0.3
1943 108,71 -0,82
1944 59.24 -0,
1945 -88.11 -0,67
1946 «37.2 0.30
19L7 W05 1430
1948 156,76 -0,22
1949 17.83 ~0 8l
1850 -60,97 0,75
1951 63,17 0,28
1952 «17h.13 -0,07
1953 -156.33 ~1.49
195 -236,96 -C.38
1955 =67 .11 -0.82
1956 =70,39 -0.2
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Tatle 7:5(D) Continued,

AZe at first calving Birth weight

Month of calving: Correctic: factors )
January L6017 .21
February 55.53 -C,73

iserch : 13-065 -0.33

April 26472 ~0420
May 45,61 -0.51
June -2.33 0.61
July ~27 .42 0,90
wzust -16,51 C.51
sSeptember 17.85 0,18
October =-35,91 ‘ -C,12
ilovember =25.,61 -0,31
Decemter Ce1ly ~0, 321
Parity '

1 - -0,97
2 - -C.8Nh

W
1

o
L]

o

L - 0,11
5 - 0.31
6 - 0.03
7 - Ce30
? - C.31
9 - C.li2
Sex of calf

Male - =0,18

Female - 0,48




Table 7:6(A) Estimates of variance (diagonal) and
: covariance (above diagonal) for 1st, 2nd
and 3rd milk yield for Runzji cattle '

e ow ol

First milk Second milk Third milk
vield yield yield
Tiret milk yvisld 32.0 21.000 . 13.400
Second milk yield “ 2140 © 13.400

Third milk vield - 13.4

Te“le 7:6({B) Genetic correllations between +the 1st, 2nd and
3rd milk yield for Bunajl cettle.

e AL |

First milk Second milik Tnird milk
yiela yield yield
Pirst milk yield G.87
Second milk yield . 0,80

Third milk yield 0.65




Table 7:7(A). Estimates of variance (diagonzl) and
Coveriance (about diesgonal) for 1st,
2nd and 3rd yield for Sokoto Gudali

cattle
First milk Second milk Third milk
yield ; yield - yield
First milk vield 19,5 8.980 8,970
Second milk vield 8,98 - '
Third milk yield . o - - - 8.7

Table 7:7(B) Genetic correlations between the 91st, 2nd
3rd milk vield for Sokoto Gudzli cattle

First milk Second milk Third milk
yield yield vield
First milk yield ; ' 0,68
Second milk yield . 0.95

Third milk yield 0.65

vvvvv
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Table 7:8(A). Sstimates of variaznce (diagonal) «nd -
Covariance (above diagonal) for first milk
yield and first yield t{raits for Bunsji

cattle :
First First = First First Age at
milk milk calving éry first

yield length interval p=2ricd calving

First milk yield 32.0 0.9 3.3 1.3 1.1
First milk length - 0.9
Fizsﬁ calving _ : - 3.3
interval
" First dry veriod | : - l 1432

Age at first - - _
calving S 141

Table 7:8(B) fenetic correlations bhetween first milk vield and
first milk yield traits for Dunaji cattle

First — First First Aee first
length interval dry e~lving
First milk yielé 0,17 0.32 - 0.20 0.19

Firat milk yield

First calving
interval

First dry period

ige gzt first
calving
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Teble 7:9(A) Estimates of veriance (diagonal) snd
Covariance (above diagonzl) for first milk
yield and first milk yield traits for
Sokoto Gudall cattle

First First First Tirst Age at
- milk milk calving dry first
yvield 1length interval period calving

———

First milk yield 19.5 0.9 51 0.7 241
First milk lensth 0.9

First calving o . i 5
interval ' : ’

First dry period . - - ST 0.7

Age atl first calving o i _ _ 241

Table 7:9(B). Cenetic correlztion between *irst milk yield
_ and first milk yield treits for Sokoto Cudali

cattle
First First First Are at first
lencth interval dry calving
First milk yield 021 051 0.19 0.33

First milk vield

Pirst calving
interval

First dry period

tge a2t first
calving
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The variance and covariance for milk yield and
reproductive traits for Bunaji and Sokoto Gudali cattle
are presented respectively in Tables 7:10(.) and 7:11(A)’
while the genetic correlations between the trzits for 3Sunaji
and Sokoto Gudali cattle are given in that order in Tables
7:10(B) and 7:11(B). Results revealed that the genetic
correlztions varied from fg = 0,17 to rg = 0,21 for Bunaji
cattle wnile for the Sokoto Gudali the correl:-tions ranged

from rg = 0,11 to rg = 0,33,
7-2.2. Discussion

All the genetic correlztions were vositive, ™he senetic
correlztions obtained between the first three milk yield tend
to underline the adjacency effect of lactztions as adjacent
lactztions showed higzher values especially in the Tunaji cattle
The genetic correlations between the first nmilk vield and
first revrcductive trzits revealed that first nmilk yield hs
the largest genetic correlations value with first calving
interval in both breeds of cattle. However, when milk yield
over all lactations and the reproductive irait for all lacta-
tions were examined for geneﬁié correlation, milk yield and ag:-
pt first cz2lving had the highest genetic associstion. The
senetic correlations recorded in this study =11 within the
values reported for the few report found in the literature
(Gurnami et al., 1976; Singh and Sundaresan, 15663 Singh et al,,
1968; Chandaramani and Dadlami, 1967; Dadlami and Chandirameni,
1968). That the reproductive traits tended to manifest relativelr
low genetic correlation with milk vield surgests that possible
slow progress would be made in the reproductive traits by |

selection, when emphasis is placed on increased milk vield unless

selection pressure is applied in culling animzls that calve
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maple 7:10{(A). bkstimates of variance {(disson»1) and
covariance (above diagonal) for milk and
milk yield traits for Bunaji cattle

-

Milk Lactation Czlvingz Nrv Age 2%
yield length  interv-1 mweriod Ifirst
.o Seer (102). . . . calvirp
Milk yield 243 0.85 0.93 0.82 1.7
lactation 1ength-f' 0.6
Calving interval | - ’ 0.8
Dry period - o | o 0.7
Age at first .. e . _ 4.4
ez2lving o -

Table 7:10(B) Cene%ic correlations between milk yield and
milk vield traits for Bunaji cattle

Lactation Calving Dry Age at first
length interval neriod calving
i1k yield 0.18 0.18 0.17 ' 0.21

Lzctation length -
Celving interval

~

Dry period




Table 7:11(A). ©Cstimates of variance (diagon-1l) and
covariance (above diagonal) for milk
yield traits for Sokoto Gmdali cattle

Milk Lactation Calving ory Age at
yield length intervezl_ period first
N (x102Y - ~ «~ .. ¢czlving
Milk yield 18.77 .82 0,62 0.54h 3.2
Lactztion length 0.51
Calving interval ) - 0.3
Dry period _ 0.22
iRe at first 5 1

~calving

m

2ble 7:11{B) Genetic correlations between milk yi=ld
_ and milk yield traits Ifor Sokote Gudali

cattle

Lactation Calving vy ize gt first

length interval nrneriod . ealving
Milk yield 0.18 ©0.13 C.11 0,33

Lactation length
Calving interval

Dry peried
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irregularly or tend to display unduly long calving
interval,
7.3, Phenotypic correlation

7.3:1 Results

The estimates of phenotypic correlations tetween
milk vield and prevroductive traits for Bunaji and Sokoto
Gudali cattle are shown in Tables 7:12 and 7:13, 2esults
show that the phenotypic correlations between millk yield
and lactation length, vield per day of ceglving interval,
respectively, were high and positive for botn Eunzji and
Sokoto Gudali cettle. However, thne phenotypic correlation
between milk vield and calving intervsl, dry pericd
varied from negative to positive and low to mcder=zte in
value for Punaji and Sokoto Gudali cattle. The dry period
was nezatively correlated with yield per day of czlving
intervel as expected, the value obtained in the present
study being «0,30 and =0.l4)y respectively for “urzji and
Sokoto Gudzli cattle., The phenotypic correlation
between milk yileld and calving interval was zlso negative
and moder=te, Results also showed that first milk yield
was positively cérf.lated with first lactation length.
As expected, total milk yield was positively correl=zted
with milk yield per day of calving interval.
7.3.2., Discussicn

Although positiv; correlation was found between milk
yield and lactation lengtn, negative correlation was
found in the literature for these trait (Chandirzmani
and Dadlami, 1967). The result from the present study
indicated that increase in lactation length would result
in increase in milk yield. The present correlations

obtained between milk yield and calving interval,
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Tzble 7:12 Phenotypic correlation between milk yield and
reproductive traits for Bunaji breed.

— e -

Treit

X X X
2 73 7) X3 Xg Xo Xg Xg X.q Xqq X5

—

—

305 day milk
yield (X,)

Caivinz interval
(X,)

Lactation length

(X,)

Length of dry
period (Xh)

Yield per day of
calving interval

(35)

Pirst lactation
milk yield(xs)

0.05 0,76-0,22 0,82 = =~
0.20 -
0.69 -

-0 ,30=

——— - = - —e - 0,90 0,22

- OaO? 0086-0.07 _J.27 -t

= Age at first calving
A = rirst lactation length

= First calving interval

10 = First dry pericd

X141 = Total milk yield

X12 = Lactation number
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Table 7:13, Phenotypic correlation between milk yield and
reproductive traits for Sokote Guuzall breed

Trait X, x3 ’Fu XS x6Ix7 Xg X9 %40 %49 Xg5
205 day nilk
yield (x1) 0.23 0.,81-0.46 0,50~

Calving interval | 0,16~

Lactation length
(XB) . , 0.72-"

Length of dry
perlCd (XL‘.) : "OQLI-)-I—"

Yield per dey of
calving interval

First lactation - )
X7 = _nge at first calving
Xa = First lactation length

first calving interval

e

X1O = rirst dry period
X = Totzl milk yield

X12 = Lactation number
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_ '.dry period which varied from negaﬁive to

.j.positive f211 within the recorded values in the literature =i’
:which were 0,0 to 0.30 and -0.23 respectively Tor milk

vield and calving interval, milk yield and dry period

- {Singh et 21 1968, Singh and Sundaresan, 19603 Dadlami

and Prezbthu, 1968), The negative correclation recorded in

this study between yield per dazy and dry period which were

' =0,30 and -C.4N respectively for mun=23i »nad Sokoto Gudali

 cattle would indicated thatselection shoulc be made separately

~for each trait, because as improvemeni is made one tr=it

"

loss in improvementt would be made in the other trait. Tae

- correlation between first milk yield and age =2t first o
claving which wzs positive and low in both breeds and were

- 0,07 and 0,15 iﬁ that order for BunaJji and Jokoto Gudali
. cattle are within recorded values, =-0,07 ard 0,38 by other
workers {Chandiramani and Dadlami, 1967; Zinsh and Sundaresen
1966)., The present results revealed a pozilive association
between milk vyield and lactation length and hetween first
. lsctation milk yield and first lactation lenzth for both
breeds, the pattern was manifested between yield per day

are total milk yield, ¥owever the resuits demonstrated

that the correlztions between milk yield znd dry period, ’
calvirg interval and the first milk yield =nd Tirst dry
peried, first cazlving interval, ase at first calving were

low and neszztive in wvalue. The implicrtion is *het a8
observatle improvement in one trait obszerv-~ile loss would
result from the negatively correlateq trait,
7.4. Repeatability estimates |
7ele1 Results

The analyses of variance for the repeatsbility of milk
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yield traits and reproductive performance treits of Bunzji
and Sokoto Gudali cattle are shown in Table 7,14. The |
repeatabllity estimates of the traits for %oth Bunzji and
Sokoto Gudzli cottle are presented in Tamle 7:15. The
reveatarility values recorded in this study veried from low
values.fnr calving intsrval and dry period in hoth breads
to moderate estimetes for yield per day of calving intervel
and lactation lengzth, which suggested thzt, these traits
| nizht not be much repeatable in subseguent nroduction.
However, the repeztability estimates of milk yield were
approzching hizh values this might indiéété thet this trait
might e fairly repeatable in subseguent prcduction'ih both
~ breeds, which implies c¢ne meaSurement should he adequate
for zccureste assecsment for the trait,

Repeztability estimz=tes hatween mzirerd 1ﬂctations was
- corputed 25 simple correlation (Storhs, 7057}, The repeatebi-
lity estimates between paired first three lnctrtions are
shiown in Table 7:16. Results showed that redestadbility values .
between first and second, first and third lacistions were
similar in Toth breeds by cpincidence ang Tisner for Bunaji
cattle (0.236 compered to 0.02). However, the estimates
between second and third lectations ere negative in bcth
breeds but hizher in Goketo Gudali czttle. ~he values were
0=-04b and -~0.019 for Zokoto Gudali and "un:ji breeds,
7.2, Discussion

The repeatahility estimates obtained for Zunaji cattle Zor
1st arnd second, first and third lasctations are within value
reported for Henana cattle Ly Alim (1960), although slightly

4

smaller than the estimate recorded by Mahadavon (1952) for



Table 7:1}. Analyses of vsriance for milk yield =nd reproductive vmﬂmowsmsom,
traits of Bunadi and Sokoto Gudali breeds,

SR —

Bunaji treed

— R PO NS T

Source of 305 day milk yield Lactation length Calving interval Lenstin of Yield per day

variation dry peried calving interva

B o 4 -

d.f As.mvﬁaoxmu d.f. ﬁa.mvhgoxmv d.f. Aa.mVAADxNV defs Mwmmw, Gofa M,.S

g

Between 220 598.2 - 250 . 174.3 207 59.3 201 35,0 195 3.4
Cows }
Coa™ 1866 T 1101 2204, 57.0 211 37,0 1669 36,3 547 1.1

Sokoto CGudali breed

Between 83 508.1 = 90 15644 - 75 21,3 73 z%.2 65 3.1

Withi _ _ _
Cows 529 173.2 561 81,6 k62 7.4 . hOO 17.0 0 393 1.2

- a4



- . e . . . L. A - e

.‘-. . CT - - 228

Table 7:15, Repeatability of milk yield and reproductive
traits for Bunaji and Sokoto Gudali breeds

Bunaji breed P

-

Trait | Repeatability Numbter of Number of
- ' i Cows records .
305 day milk yield 0.30 221 2087
Lactation length - 0.18 251 24,55
Calving interval . 0.06 208 - 2321
Length of dry period 0.06 211 1880
Yield per day of calving ot .
interval - . 0.19 196 1743

Sokoto Gudali breed

305 day milk yield 0.21 8l 613
Lactztion length 0.1 71 Sh2
Calving interval : 0.03 _ 76 - 538
Length of dry period 0.04 . 71 B4l
Yield per day of calving 0.18 66 159

interval
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Table 7:16., Repeatability of milk yield between lactations
for Bunaji and Sokoto Gudalli breeds

Bunaji breed

Lactatien number 1 2 3
1 - ) - ) -
2 - 0.236 = -
3 | 0.236 ~0.019 -

Sokoto Gudali breed
1 ’ - . L ) L]
2 L 0.020 - -
3 0,02 ~0.046 -
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Sinhala cattle, The values reported in this study
for Sékoto Gudali cattle were lower than reported
values for other breeds of tropical cattle,
Repeatability estimate is normally the uvoper limit of
neritability. But from the results of the present study
seme trzits geave hertability estimates thzt were higher
than the repeatability estimates. The remeatability of
response to selection is not consistent, This depends
on the genetic properties of the populstion, the size
eand how repeatable the response if a trait is from one
generation to the next. It the genes controlling a
trait are at low frequencies, then the responce to
selection will make the repeatabllity to fade away.
Genes 2t the intermediate frequencies will manifest an
initial response to selection but the repeatability of
_response would wane so that in later gener:tions the
situation would no leonger hold that repeatability would
always te the upper 1imit of heritability value. In
milk vield the geneafthat influence yield in the first
lactation are not exactly the ones that comz into play
in second and later lactations as milk yield in all
lactations is not dependent on identical developmental and

physiological processes,

The repeat=bility estimates obteined in this study are
lovier then the heritability. This crn te -trribuked to the
fact thet feeding of the cows are not unifsrm from year to

year, and not all environmental factor are %rown for purnoce



of removing them, The sample size of animzls used
in measurements mzy be small, The estimates of
heritability vary'from one generation to the next
and since the genes effect changes, the estimation

of heritability may aot be repeated,
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CHAPTER EIGHT

SELFCTION GAIN

8.1, ZEstimate from direct selection of dams of cows
8.1.1.Results ,

The pherotypic suneriority of ccws retaired for ezch
subsequent lactation for Bunaji and Sokoto Gudali cattle
are given in Tables 831 and 8:2. Results shoved that the
averagze selection differential of milk yield were 105,7 kg
and 113.7 kg for Bunaji and Sokoto Gudali breeds, respectively.
The estimates of the phenotypic superiority of dams of bulls
first milk yield, deviated from the contemporaries mean first
lzctation yield for Bunzji and Sokoto Gudali cattle are shown
in Table 8:3. Results showed that the superiority of dams
of bulls first milk yield over their contemvorarys' mezan
yield was +320.4 kg and +354.5 kg respectively for Bunaji
end Sokoto Cudali cattle, Th; dams of bulls for the Sokoto
Gudzli cattle manifested grester superioritv over their contem-
roraties than thcse of the Bunaji cattle, The results showed
thet the total selection differentizl rezlised from the selec-
tion applied on the dams and sires in the RPunajii =znd Sokoto
Cudali cattle were respectively, 126 kg ard 4.65,2 kgz.

The estimates of the eenetic gain for 305-dzy milk yield
for Funaji and Sokoto Gudali cattle are presented in Table
8:4., The results revealed that the genetic gain per generation
for Bunaji cattle was 217.3 kg, while the ygenetic gain per

generation for Sokoto Cudali was 126.lL kg.
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Table 8:1, Phenotypic selection differen

cattle

I

tials for 305-day milk production (kg) for Bunaji

. Numbter of  Average milk Number records Average milk w<mﬂUMD Selection
Leckation records yield culled yield of Number milk vield differen=-
number (kg) culled (kg) selected mmwwnﬁma tial (kg)
f 1 u62 812.9 95 7934 367 839.2 26.3
2 469 829.2 141 691.8 328 887.3 58.1
3 379 913.5 104 725.7 275 c8l.5 71.0 4
L 304 | 959.7 104 747 .1 200 1C70.3 AAo.m w
5 213 1076.8 T2, 518.8 141 1157.5 80.7 m
3 160 1071.6 56 965.0 10l 1129.0 578 |
; 112 1030.5 60 874.8 52 1210.2 1797
8 58 1159,1 L2 1059.5 16 1420,7 261.6

-

llean selection differential = 105,7 kg

Lol RIS S
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Teble 8:2,
Gudali cattle

. » .
—— — e

FPhenotypic selection differentials for 305-day milk production (kg) fcr Zolzoto

Rmbee . | Tecorts pieic kg T | euiie o N iater ik Dbt rerage nilk Selsobiom
culled (kg) selected(k:) (kg)
1 241 833.6 61 604.9 180 91144 T8
2 216 860.4 70 672.6 146 950,5 9041
3 167 957.7 63 692.3 104 1118.L4 160.7
L 108 . . 986.5 38 7731 70 1102,.3 115.8
5 77 119.5 25 813.5 52 1266 ,6 147 41
6 57 1206.2 30 1127.7 27 onw.m 873
7 30 1040.9 13 935.8 17 1128.9 88.0 -
8 19 1023L.7 10 906.0 9 1177.6 132.9

[lean selection differential = 113,7 kg.

i L I e
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Table 8:3, Phenotypic superiority estimete of dams of
bulls' first milk yield as deviation from
contemporarys! mean yield for Punaji and
Sokoto Gudali cattle
Number Average Record Average milk Deviated milk
Breed of bulls dams of mates yield (ke) yield ()
yield(kg)
Buna ji 39 941.3 423 620.9 320.4
o 1
sokoto 45 964.0 226 609.5 354.5

Gudali
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Table 8&:4 Z=stimate of genetic gain for 305 dey milk
yield for punaji and Sokoto Gudali cattle

Genetic improvement(%)

Breed
Statistic Bunaji Sckoto Gudeli _
Heritability (h°) 0.51 0.27
Standard error h° (c'hz) 0.12 0,12
Selection differential
{S.D.) covws (kg) 105.7 113.7
Selection differential
(S.D. bulls (kg) 320.h H‘3§h.5
Total Selection
differential (S.D,) L26.1L h€8.2
Cows and bulls) (kg) '
Genetic gain per
eneration (kg) 217.5 126.4
?S.D.hz)
Generation intervals .
(years) 2h.5 26.5 '
Cenetic gain per vear (kgz) 8,88 5.4
Average 305 day milk
yield (kg) 1035.0 1055.0
O-BS O.ug
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As mortality rates have a marked effect on generation
interval, its estimstion was based on tre population survival
parameters in the study. The average age at first calving was
45.9 months for Bunaji and 46,5 months for Sokoto Gudali
cattle, The average calving interval was 13.5 montias for both
Bunaji and Sokoto Gudali cattle. As a cow must calve 2.8
times to replace herself, the generation intervzl for cow to
cow path was 7,0 years and 7,03 years respectively for Bunaji
and Soikoto Gudali cattle. The generation intervals along the
cow to bull, bull to bull and bull to cow pathswere estimated
for Bunaji es €.} years, 5.4 years and 5,7 years, while the
same ectimz2tes for Sokoto Gudali cattle were 6.1 vears, 5.5
years and 5,7 years, Thus the generation lenrih (~eneration
intervals) for Bunaji and Sokoto Gudali cattle were 2.5 vears
and 24,6 years respectively, Results revealed thst the
cenetic improvement of milk yield were 0.9% 2nd 0,5¥ respectively
for Sunaji and Sokoto fudali cettle,

8.1.2 Discussion

The estimate of genetic gain and improvement obtained in
this study indicated a slizntly higher rate of genetic improve=-
ment in Bunaji cattle compared with Sokoto Gudali cattle. These
results compared favourably with other results of =enetic
improvement which ranced from 0 to 0,8% for East ::frican Zebu
cattle (Calukande, Mzhadevan and Black 1962), and for Deshi
cattle (Moulick et al., 1972). However, the genetic improvement
obtained in the present study for Bunaji cattle w=s slightly
lower than the value of 1,0¥ obtained by Robertson (1950) in a
preliminary studv on Bunaji cattle at Shika./ The computation of
the results obtained in the present resulte is hased on the

method of Robertson (1950). The realised herit=bility is only
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slightly di}ferent from the heritability obteined from data
on the unselected population. The conditions for realised
heritability to be valid include: (a) the estimate of the
celection intensity from the tables of statistics assumes

that the parents chosen will contribute ejusl nunhers of

W

orogency to the next generation. HoweveﬁLselection. this rarely
happens, for even when precautions are tzxen, sonme parents
selected may bte sterile. This discrepancy may be overcome
if the selection intensity is calculated in the form of a
weizghted selection differential in wgigﬁggzﬁ dev "35335r5§33ﬁ£nqt5
trhe unselected mean of the selected parents( offspring genercztion.
(b) random mating of the parents is assumed in devising the
heritability. However phenotypic assortati¥veé mating is
praciised. (c) Selection, if effective, alters ihe population
zene fregquencies and genotvnic values resulting from various
forms of non-additive gepe actien., Fowever, the nrediction
equ=tion 2nd heritability refer to changes in genoivnic value
resulting from gene freguency changes affecting sdd‘the
renetic effects alone (Bowman, 1974). The differences in
genetic gain between Bunaji and Sokoto Cudzli czttle under-
scored the different inheritance impulse between tie two breeds,
but the disparity in sample sizes of the breeds may influence
the frequency and manifestation of the gene effects respensible
for milk yield., The selection pressure employed in the respec-
tive breeds of cattle also wodld influence genes znd their
effects,,
8.2, Indirect selection for milk yield

From the present study conducted in both the Zunzji and
Sokoto Gudali cattle, lactation length was positively highly
corrcelated with the 305 day milk yield., An indirect selection
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selection was made based on a comoarison of direct wi®ti:
indirect selection on the basis of similar proportions
of individuals selected. The mean yield of the top 5%
to 25% cows selected on milk yield was compared with
the mean milk yield of the teop ¢ to 257 of cows selectad
on the hreis of lactatiecn length,

The cows that gzve milk yield zreater than the
positive confidence limit weré selected on the
basis of milk or lactation length, wit» its correspondire
milk yield recordgd. The top 5¥ milk yield of animz1ls

for example was obtained using the eguation:
Y - ? + (S.E')(t)

where

Y = upper limit plus component involving the standard
error and t vaiuve at approprizte level,

y = mean milk yield for cows

S.E.= standard error = S.d.

s.d = standardé deviaticn

n = Sample number

t = t value at appropriate level
8.2.1, Results

The results of the comparison of indirect selecticn

for milk yield based on milk vield -+¢ l-gi-tion length sre
given for BunaJji cattle in Table 8:5 while the values fer
SokoteGudali cattle are shown in Tatle 5:6, The results
showed that for Bunaji cattle and Sov%cto Cudali cettle ile

loss in milk yield using the indirect selection was -63,0 k-



Table 8:5. Comparison of selection for 305 day milk
. yield (kg) based on actual milk yield and
lactation length for Bunaji cattle
Selection for:
Propertion Actual milk yielﬂ Lactation Difference
records (kg) length(days) (B - A)
selected
direct milk yield indirect milk
_ yield
n X F
() (A}
- 5% 109 1397.8 1333,0 -63.9
10% 217 14054 1339.7 -66.2
15% 326 h11.5 1039.3 -71.3
20% 435 115.4 1341.2 0 =742
259 sS4l 141643 13h2.7 -75.7
N = 2177 '

n = Number of records selected, N = Total Number of records.
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Table B:6., Comparison of selection for 305 day milk yield
{kg) bzsed on actual milk yield and lactation
lactation length for Sokoto Gudali cattle

Selection for:

Proportion Actual milk
records vield (kg)
selected

direct milk yield

Lactztion length
(dzys)

indirect milk yield Difference

N (3) (1) B
_5% L6 1,66,3 1M18,8 ‘ ~117.5
1094 93 h74.8 1421.3 ' -53.6
15% 139 1489.5 25,1 | -Eh.h
20 186 186.5 1430.0 66,5
250 232 1543.0 1432,9 : ~-110,2
N = 928 ' | '

n = Numter of records selected; N

Total riumber of records,
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and =U47.5 kg respectively. The loss in milk yield by
using the indirect selection for milk yield irncrezased in
toth breeds of cattle as the proportion of records
selected increased,
5.2.2, Discussion

The results of the indirect method of selcctinz for
milk yield are consistent in tath breeds, with the least
loes in milk yield resulting ffom selecting for
tne top 5 0f tne records of the animals, The loss in
milk yield was sm2ller for the Sokxoto Gudali cnttle, than
tiie Duneji when the top 5% of the records were selected
{~47.5 kg compzred with ~63.9 kg). However, hen the top .
257" of the records were selected in both breeds the loss in
milk yield using the indirect selection was larzer in the
Solioto Gudall czttle than the Bunaji cattle (-110,2 kg
compared with «75,7 kg). The use of selecting indirectly
for milk yield by using lactation length to imrrove milk
vield world rave merit beczuse lactation lensth v=ries
remarkably in tropical breeds of ca2ttle =5 w=s onserved
ir. Toth the Tunaji and Sokoto Gudali breeds ir tais study,
wiiile the milk yield per day of calving interVQl varies
very little. In the temperate treeds of cattle however,

-

not markedly while tre milk

"3

b
m
]

Jactation lengthn va
vizld per day of a calving interval chanjes mcre markedly,
Thius attempt to improve the milk yield in both Zreeds can
te achieved bty seekins to improve the lactatiorn lensth

2nd where selection for hirher lzctztion lengtn ir fiven

stronz emphasis, the milk yield over 305 days would increase

sirmultaneously. The loss in indirectly selectinz for milk
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yield by using lactation length involving the top 5% of
records of the animals was smallest in both breeds, while
using the too 25% of the records of the animals gave a
relatively higher loss in Bunaji cattle but a comparatively

higher loss in milk in the Sokoco Gudali cattle.
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CHAPTER NINE

GENERAL DISC'™=SION

The investigation herein reparted cn the evaluation
of the dairy potential of RBunz2ji and Sokoto Gudali cattile
on dairy productive traits revealed that calvings for both
breeds in the first and all calvings were influenced by year
and month, whose effects shnulﬁ he removed., Tue vear effects
would represent the environmental variations in climate and
foraze availability which cannot be properly dunlicated. The
effect of month of calving showed a marxed effect on calvings
in both breeds, As it would appear that the zeztating covws
required better feeding durinz the latter vart, calvings
should be directed to f211 during the drv mor*%s so that
both the cows =nd the czlves cen take zdvzntage of the
available pasture of the rziny months which would imvrove
bota calf's growth 2nd support hizher milk vield of the
cows as well as ensure preweaninz calf survival,

\s age influenced =ilk nroduction the adjustnent could
’ effectively be done hy exvressing leter lactztions zs &
percentage of first records of the same cows., Tlhis would

3}

ce with

n

on

(4]

ey
at coen

o'
m

result in a lsctation curve which would
estadblished normal lactztion curve cf cows. As age at first
czlvinz influenced =ilk yield resulting in increased in milk
vield uvpto ahout +wentr four months, beyond which increased
age at first calving did not result in increzsed nilk yield
t will te desirable to reduce age at first czlving cf cows
of Totn Bunaji and Sokoto cattle, If age at first calving

iz effectively reduced and calving interval is also reduced,
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the generation interval would not be high and as such
the genetic gain attained in milk yield per generation
would give a sizeable gain per year. The calving
interval of 13.5 months recorded in this study for both
breeds could be reduced to ensure that cows calve once
within 12 months,

The breed differences in first and all lactztion 305
day milk yield would indicate:the suverioritv of the
Sokoto Gudali over the Bunaji cattle for this dsiry trait,
Whereas month and year had no effects on first milk yield,
these environmental factors influenced all l=ctation 305
day milk yield, This results underscore the fact that the
first milk yield of cows ere less influenced by environ:
mental effects and indicate better the genétic potential of
cows for milk yleld and would give -a better indication
of the inheritance of this dairy trait. The non significance
of this dairy trait. The non significance of the 305 day
milk when it was deviated from the year's me=an pointed to
the importance of the effects of the variztion introduced by
year in 305 day milk yield, which previously was very highly
significant,

As regards lactation length, results from tais study
showe€ non significant effects of breed, would indicate
this dairy trz2it is similar in hoth Punzji? -1d Sokoto Gudali
cattle, The lactation length recorded in thir etndy of
239 d2ys and 236 days respectively for Fun-ji -nd Sokoto
Gudali cattle should be increased by selection z2s this
would result in comensurate increase in milk vield because
of the positive association between the two trzits, The

non significant influence of year and month on first lactation
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length emphasised that environmental influences are

less on this trait and basically on first dairy
production trait and thus indicate the true genetic
potential of the animal for this trait. Efforts could
be directed to attempt tc mske first calves to stay
longer in milk production by employing nutritional
management approach thzt would support the expression
of the inherent mil« yield impulse of the cows and also
by minimisin~ the environmental disease and parasite
challenge vwhile the results revealed the significant
effects of breed, month and year on total milk yield
the effect of breed was not important for milk yield
ver day of calving interval, Thus the malk vield per
herd life cf cows was comparable for Bunzji ond Sokoto
Gudali cattle, The inclusion of calving interval as
2 covariate in the model for total milk vielZ2 removed
the previously important effect of Treed of tnwis Aairy
trait, This is expected as milk yield per herd life was
not significantly different btetween Bunaji tnd Sokoto
Gudali cattle, |

Dry period was influenced significantly (1<0,001) by
year and parity, but breed and month of calving was not
important for this trait, Dry period should be reduced
so that calving interval shoulcd no%t be urduly long because
dry vericd has a tendency to increase with parity of
calving, The dry period cobtained in this study of 160
days is fairly long and should be reduced,

Subseguent calvin: interval of 05 days obtzined in
this study revealed the important effects of year of

.calving, and the effect of parity which 2pproached
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significant level (B<0.025. A long subsequent calving
interval wonld result in a lower milk yleld in the
vrevious lactation and underscore that the cows involved
do not calve once yearly., It is desirable for profitable

dairy operatlon for cows to canlve once yexrly aand have

e relatively short dry period but zan wreeciably long

-

lepcication length,

The regression of leakt squares constants of
celving interval em lactation length and dry period for
both breeds which gave negative values indicate that
elorts were nade to reduce calving iuteéVal,dry
period in the two breeds but at the sane time o slight
drop in lactation length also occurrel over the years
which wias about 1 day.

The present resulis sliowed that the elfeoctu of
year, month, »arlty and sex and breed were important
for birth welght. However as birth weight per ue 1is
a0t o econonic inportance ecept that it easurecc
survival of calf and ascists in the conpuitation of
prewecaning growth rate, atienpt should not Le nade
to inercase birth weizht unduly beccuse this con
resuli in the danger of increasing the calving diilliculty
of cowus.

The variation in the cstinates of heritabllity

7]

ol lactation and reproductive traits indicate the
inheritance potential of these traits and the prospects

of inprovement that would be posiible through zcleection.
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significant level (PL0.02). A 1~n- ~ubgesaneat ecnlvin:
interval wonld result in a lower nilk yield in the
rrevions leactation end underscore that the cows invelved

o not calve once yearly, It i: desirable for profitable

£

doiry operation for cows to cnlve once yeurly znd have

- - - - - T4 T == o -
o relotively siort dry perlicd but sarreciably loag

-

lacteotion leazth,

-~

The rejzresagion of leakt squares consbtants of
calving interval em lactation length cmnd dry period fox
both brecds which gave nezative values indicate that
c’lorts were nade to reduce calviag interval,dry
neriod in the two brecds but at the sane time o slizht
drop in lactation lenzth elso occurred over the years
which was =zbout 1 day.

The present recults showed that the el fecti ef
yeay, month, »narity and sex aud breecd werec imnortant
for birth welzht, However ac birth weight per uc is
20t oo econonic inportance exccpt theat it easures
survival of calf aund as-ists in the conpulation of
preweaning growth rate, aticant should not be nade
to inerease birth weizht unduly dbecouue this can
result in thec danger ol lnecreasing the colving dilliculty
ol cous,

The voriation ia the estinates of heritobility

laheritance potenticl of thoue tralis and the nrosjhectis

ol inproveamont that wonld he pos ible throuzh =clection.
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The estinate of genetlic prozress for inproving
nilk yileld obtained in this study indicated that efforts
were nade to improve the milk yield of both Bunaji and
Sokoto Gudali catile by selection alonz the nath of
dans of cows and dans of bulls but a larzer celection
iatensliy would bpe needed for greater lmproveneant,

The zenetlc zoin of 0,94 aii 0.5 obtained respectively
for Bunaji and Soloto Gnudali cattle coanrared well with
valucs recorded in the literature,

The selection indircctly for increase in nilk
yield in bpth breeds by selcct%ns for lactation lenzgth
revealed that selecting for the top 5% of the cows zsave
the least locs In nmilk rield duc tec the indirect

nethod of selection uved,



SUIITIARY AND CONCLUSION

The study herein renorted involves the evaluation
of the dairy potentlial of Bunaji and Sokoto Gudalil
breeds on deiry productive traiis in which a totlal of

- N = - .
3105 reccrds of 701 cous over o neriod of 2+ yenrs

(¥

we'e used, The records ou birth weizht were 3647 for
the two breeds. The invusii;ation also ‘ncluded the
study on the environmental factors influenciag deoiry
trelts and the geonetlce esctinmates of the dairy tralts,
Results showed thet in both breeds the overall
calvings over the yeaoys cdeclined fron parity one to

nine, z2lthonzh within ezcch year, nunber of aninels in

variou: parities wae not en a continuous decline, For
both bdreeds, the chi-squares conparison rchowed significont
differences for voth fir.st and &ll calvings between

veers (P€0.05). Considering the eflcects ol month,
chi-squares comparisnm also revealed siznificant
dif e eaces{PL0.05) for both breedsc for both first and

2 | -
2l calviags,

et of 2ze on milk production slioved thcot sross

o

BF
-t .
connerison method indicated 2 peak nilx yield in the
sixth lacteiicn with inereases of 454 and 38 recyectlively
over the firgt lactation for Sokote Gudali on! Bunaji
breeds, while 2 deocline occurred thercaftcr. ithereas the
paired conparison nethod manifested 2 decline in the

sceond lactation, accompanied by 2 rise in the third

lactation followed by a continuous decline up to the
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aninth 1lactation in both breeds. Ihen later records
were expressed as a percentage, as well as when
devizted, later records were expressed as a percentage
of the firut records of the same aainmzls results for
Buna ji breed schowed pezkc at third, Tfifth, sixth and
eigzihth lactations with increases of 33, 34, 064, 94

end 34, 3%, 55, TS, fespec?ively for both nmethods for
the four lactotions which pezlked, Illowever, for JSoloto
Gudali breed, voth methods gave no peak but variable
decline,

As regards age et first calving, resulis, showed
that only year of calviaz had very hizghly siznificant
effects (P£0.0CLl), and similarly also, only the dan
vear of birth had very highly siznificant effects
(P&£0.001) on aze at first celviag. The recorded age
at first calviang were 45.7 nmonths and 46,7 months for
Bunaji znd Sokcto Gud#li breeds,

For c;ivin; interval,recnlts showed very highly
ciznificent effects of year (PL0.001), 2nd calviag
interval number was significont (P4L0.C5), respectively.
The calving interval recorded foz Bunaji and Sokoto
Cudali breeds were 13,46 nonths and 135.45 ronths.

The first lactation 505 days milk yield was not
cigniiicantly aflected by year, nonth of ecalving or
breed (P»0.05), Even when age was included as o
covariate 21l the effects were octill heving non

siznificont influence (P»0.05) on first lactation milk
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production. The first lectatlon nilk yleld were
812.9 kg and 814.8 Kg respectively for Bunaji cnd
Sokxoto Gudall breeds,

Considering 211 lactation 305-day nilk yield
results showved that ﬂhO:tﬂSého effects of breecd was
not siznificent (P»0.05), the effects of year or month
of calving as well as varily were 211 siznificant
(P20.001)., The averaze milk yield for all lactations
were 1037 kg and 1055 kg for Buneji and Sokoto Gudali
breeds, Vhen dry perlod and calving interval were
separately included a3 covariatéu, the efleets of
breed &ere still non significant on all lactations
nilk yield (P>0.05). VWhen the 305-day nilk yield was
expressed as a deviation fron year's mean, brecd
eflfects vwere still non sigaificant, wiile year of
celving was rendered non-sigaificant dut month and
parity remained siznificant (P£0.001)., hen devizted
305~dey Rilk yield of all lactations was used with
season instezd of month of calvinz, both breed of
cattle and year of calvine were also non-cijnificant
(P>0.05), while season and perity we-e very highly
ciznificant (P£0.CO1),

Aezarding lactat{on length, results showed
non-signifisanece (PY»0,05) Jor effecis of breeds, but
the efiects of year and parity were very highly
significent (PL0O.COLl), and the eflects of month of

calving was also hizhly significant (PLC.003), When
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calving intervaol was included as a2 covariate, the breed
s8till exerted no significant effects on lactation
length (P>0,05). The lactation length recorded was
239.2 days and 236,2 days for Bungji and Sokoto Gudali
breeds resvectively. Concidering first lactation
length the efl'ects of yezr, month of calving ond breed
were all non-significant, ‘'The least squeres mcans for
first lactation length was 221.6 days for the two
brecds conbined,

Results for milk yield per day of calviang interval
revealed highly significent effects (P¢0.01) of year,
month and calving interval number, but the eficcts of
breed was non-significent (P»0.05). The least squares
nean for nilk yield per day was 2.42 kz/day.

Results for total nilk yield indicated that the
ef.ects of breed, year, nonth and parity nunbeor were
2ll very highly significant (P{0.001l). The least
squares means were 1018,9 kg eand 1038.1 kg3, respectively
for Bunaji eand Soioto Gudeall breeds, Ithen lactation
lenzth -nd dry period were included separately as
covarizstes, 211 the effecfs eve very hishly significant

(P¢0.001), but when celving interval wes included as

a covariate only the elTeeis o breed was not oiznificant

(P>0.05).

As regards dry period, results reveal@d that the
effects of year and parity were very highly significant
(P€0.001), while the effects of breed and nonth of

calving were non-significent (P>0.05). The least

-
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squares means for dry périod was 160.4.dny5. Results
showed that the effects of breed, year, month of celving
21l had no effects on first dry period (P)0,05).
Results of subsequent calvinz interval showed
very hizhly cipnificant eflects of year (PQ0.0pl),Significant
effects of parity (PL0.02), but elfects of breed and
aonth of celving weze nen-significent (P>C,05), 1hen
various factors weve 1ncluﬁed as covariatecs, such oo
dry period, ithe effects of year and parity only wexe

very highly significant (P40.00l). The iaclusion of
calvinz interval as 2 covariate, showed the eflects
of year only as being very highly significant (P40.001),
while incluslion of 305 day milk yield revealed that
only the effects ol year of calving were very hizhly
significent (PL0.001), The least squares neans for
subsequent calvia; interval obitained In this study
was 405 days,

Regrescion of least sqgunares constants of calving

bot}

intervals, lactation length and dry period fox
breeds on year indicated that there was a cdecline
over the yearg§of +.75 days, 0,65 days and 2,49 darvs,
respectively for calving interval, lactation length
and dry period resnectively.

Resultis for birth weisht showed theti year, wonth,

a=ity and sex very highly siznificantly influenced

+*

birth weight of calves (P£0,001), while the eflfects of

brecd of cattle also showed highly cirniZicant e’ lects
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(P¢0.004). The least squares mean for birth weight
was 22 k3.

Heritability estimates obtained in thic study
for Iirst to thirdlactations varied from 0,59 to 0.30
for Bunaji dbreed znd 0,34 to ~0.01 for Sokoto Cudali
breed, The heritability estimates for age at first
calving, calving interval iactation length, milk
yield per dey dry perlod, 211 lactation milk yleld
and birth weight were 0.12, 0.13, 0.28, 0,37, 0,09,
0.51 and 0.%0 for Bunaji breed, while the vclues for
Sokoto Gudali breed were, 0,12, 0,12, 0,26, 0.25, 0,04,
0.21 and 0.32,.

The genetic correlation varied from nezative to
positive values in Sdkoto.cudali breed, whilc positive
and small to large values were recorded in Bunaji
breed, The genetic correlzations obtalned between the
first three and ellilectations also veried in both
breeds,

The repeatabllity estiaates varied from low
values in dry neriold to medium value.. in 305 dny nilk
yield, 0.0564 0+30C and C.04, 0,21, respectively lor
the:se traits in Bungji and Sokoto Gudzali brecds.

The vhenotypic correlations varied from nezative
to positive values in béth breeds.

The estimate oi genetic progress revealedthat the
gonetic improvenent of 0.9 and 0,5 were obtained

respectively for Bunaji and Sokoto Gudali breecds,
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Selection for inprovement in milk yield indirectly
through selectlon for lectation length showed the least

loss in accuracy when selection is nmade, for the top

5% as’ compared with the 25%, 7

-

The results of this siudy rev;auhfthat over the
24 yecrs, improvemcnt has nade in the nmilk yield of
both Bunaji and Sokotoc Gudali breed and improvement
can be achievedin milk yield be selecting indirecctly
for lactation leagth with the least loss in accuracy
if the top 5% of the cow population i:s used in 3Bunaji

and Soloto Gudzli cattile,
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APPENDIX 1

snalysis of variance for effects of ye.r
and ponth of calving on first lactation
wmilk yield od bunuaji cattle.

rnalysis of variance for effects of yeur
and month of calving on first lzctution
milk yield of ookoto Gudali cattle.

bstimatea least squares constants and
means for first lactation milk yiela rur
Bunaji caitle.

wstimated least squares constants and
meens for first lactatian milk yield of
sokoto Gudali cattle.

snalysis of varience for efiects of ye.r
end montn on calving on first lactation
milk yield with age as a covariate for
bBunaji cattle.

snalysis of variance for effects of yeur
end month of calving on first lactation
milk yield with age @s a dovariate for
ookoto Gudeli cattle.



N
+

%pggnd}? 1. Analysis of variance for effects of year
able t: and month of calving on first lactation
' milk yield of Runaji cattle,

;;ﬁi:iigi b-F ¥§§g)sgu?:gﬁ) vglue Siggéiggaace
¥ain effacte 12 20.66 . 1.04 L. 02
tear 23 20.09 ' 1,01 . 0.5
Month ' 11 20,5% 1,03 . - 0O.h2
Residusl L27 19.92 - | i

Totzl n61 _ 19.99 -

[ e Py

Appendix 1. - .
Anslysis of variance for effects of year and month
- Table 2 of ec2lving on first lactation milk yield of

Sokoto Gunaji cattle

-

Source D.F Nean square o F Significance
Variation (kg2) x (10ﬁ) Value Level
Main effects 34 . | 41,32 '- 1,92 0,003
Year 23 36.93 172 0.03
Monta M1 39.27 . 1,62 0.05
Residuzl 206 21.63 -

Totel 240 2433 - L
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Appendix 1

Table 3: Estimated least squares constants end means for
first lactation milk yield (kg) for Bunaji cattle

Class Number of Animals 1i:5.C. Mean

Overall ' 1462 - 814.29
Year of calving:

193] 10 -6l1,05 750.2
1935 20 gl,,.88 909.17
1936 20 -55.865 75344
1937 27 -}40,70 773459
1938 15 21),78 1029,.07
1939 7 135.23 049,52
1940 21 6l.68 878.97
1941 33 15.35 829.64
19,2 19 «12,1) 602,15
1943 27 -36,72 778.07
194 30 2,05 816,34
1945 20 -131,98 682,31
1916 21 ~78.0 736,29
1947 29 110.12 S24 .41
1948 1 172,35 c86.6L
1949 G -31,79 472.50
1950 11 119,28 933,57
1951 15 G, 10 853.69
1952 20 -18.283 795.36
1953 1 -155,33 559,91
1951 17 -170.54 643.75
1955 38 40,21 85!: .60
1956 13 39.93 854.22
1957 o 57,22 971.51
Iionth of celving:

January L6 26,82 841.11
Feoruary 32 87.07 901.36
liarch 26 e, h6 76l .83
April 33 71.79 836.06
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Appendix 1.
Table: 3 Continued,

Class o . Number of Animal I.,5.C Mean

Month of calving;

¥ay - L % . . =30,81 886.08

e N §7 . -175.83  636.66
july - 30 0.3 813,86
Augusf. . o T 33 T I]-”_,I-- 1.31 812,98
September- } . 48 L -17.65 832.2u'91_"
October - 31 | o _"l 32.95 8y7.2k
November - '_. 36 0 . -37 .11 776.88 -
December . 5 - 58.77  783.06

- Within varia®le grouns, row means followed by the same letter

do not differ significantly (p» 0.05). 1If no letter is used,
It indicates that the variable did not show a 51gnificant
- difference in the analvsis of variance,
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Appendix 1
Table L: Estimated least squares constants and means
for first lactation milk yield (kg) for Sokoto

Gudali cattle

Class Number of Animals LeS.Cs Mean
Overall 2111 - 788,65
Year of calving 8. 144,70 933.35
1934 8 144,870 933.35
1935 13 2h2.11 1030,76
1936 5 310,23 1098,68
1937 7 290,27 1078.92
1938 15 -141.35 647.30
1939 11 13,01 801.60
1940 8 113.10 675.55
1941 6 -105.58 683,07
1942 S -31.18 757 47
1943 21 -292,31 506.3l
104k 1 -125.95 662,70
19)5 0 162,31 950.96
1046 in 28.85 817.50
1947 8 -288,01 500.6L4
1948 8 290,77 1079.42
1949 7 €0,22 68,,8.87
1850 13 21.41 810,06
1951 19 117,38 906,03
1952 g «117,10 6l11.55
1953 3 510,70 168.95
1954 6 128.15 916,80
1955 .15 264,74 1054.39
1956 6 =78,12 710.53
1957 L -141.75 646,90
Month of calvine:

January 20 148,70 937.35%
February 25 185.77 97h-h2b
Merch 22 3L.13 822.78°
April 21 ~15477 772 .88




Avpendix 1 Table 4 (Continued).

72

Class NUm%er of Animals L.S.C Mean
Month of calving:

May 20 37:22 825,87°
June 25 169,98 956.63%°
July 1 -86.98 701.67°
August 27 192.58 981,23°
September 18 -102.53 686,12
October 20 -102,73 685,92°
November 9 -363,95 L2l 70%
December 20 06,42 692.23°

Within veriable groups row means followed tv the same letter

do not differ significantly (p)» 0,05),

If rno letter is used

it irdicates that the variable do not show a sisnific=ant
difference in the snalysis of variance.
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Appendix 1.
Table S: Analysis of variance for effects of year
and month of calving on first lectation
milk yield with age as a coverate for Bunaji

cattle

ifgifiigi n.F, ?Eag squarg& F. - Bignificence

aria g} x (10%) Velue lLevel
Covariate

Age - 1 549 2.2 0.14
Main effects 3l 17.20 0.85 0.72
Year 23  18.63 0,92 0.58
Month - 11 | 111.55 0,71 0,72
Residual 102 20,34y -
Total 1437 20,16 -

Coevariate Age b = 0,15
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Appendix 1 , .

" Table 6: Analysis of variance for effects of year and
menth of calving on first lactation milk with
age as a covarate for Sokoto Gudali cattle

Source of D.F Mean 5quareﬁ P Significant
variation £ (kgd) x (10%)  Valvpe level
Covariate _ .

Age 1 . 5.90 0.1h  0.85

Main effects 34 670l 1.57 0.03 -
Year 23 67.05 1,56 0,03

Month 11 57.37 1,33 0.25
Residual 160 113,00 . -

Total 195 "7.07 : -

—— e d

Covariate Age b = 0,023
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Table 8:
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APPENDIX 2

Analysis of variance for effects of year and month

- of calving and parity number on a2ll lactation milk

yield for Bunaji cattle.

Analysis of variance for effects of year and montih
of calving and parity number on a2ll lactation mi’lk
yield for Sokoto Gudali cattle.

Zstimated least squares constants and means for 205~
day milk yield (kg) for Punaji cattle.

Estimated least squares constants and means for 205~
day milk yield (kg) for Sokoto Gudali cattle,
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Appendix 2, Teble 7: Analysis of variance for effects of
year and month of celving and parity
number on 2]l lactrtion milk yield of
Bunaji cattle

......

P DFe (KeD)u(i05)°  vaise  Tlevel ©
Iiain effects "2 1,57 7+3% 0.0C1

Vear - 23 10,47 . S5e31 0.001
Month 11 7 .02 2UED 0.CC1
Farity 'umber 8 37.09 428,81 0, C01
Residual 2124 197 -

Total 2176 2,22 -

Avperdix 2. Teble 8: Analysis of varizice Zor effects of
year and month of czlving and parity
number on all lactztion mil% yield of
Sokoto Cudali cztll=

LR ]

Source of N Mean scuareg 3 Significuice
variztion SRl (kg2) x (10>) Vzlue level
¥ain effects 42 7.65 3«1 0.001
T an -~ - -7 | 4 - e

iear A i 07/ Je ? C.C'c1
lonth 11 2.97 PRl 0,25

& R 5 - -~ ~ Yy
Ferity turhrez 8 15.59 6:57 C.C01
Residual £135 237 -

¥

o
r
v
—
W
%)
=
A%]
L]
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Table 9§: Estimated least squares censtantis and means
305-day milk yield (kg) for ZunzJji cattle

Class Numter of Animels L+23Cs Mean
Cverzll 2177 - 1048.43
Yesr of ca2lving:
193) 6l 46,40 1094 .83
1935 70 9.2,  1057.67°
1536 8Y4 ~4,50  1043.53C
1937 92 ~4.88  1043.55°
1338 91 £7.33 1105.76
1939 78 -0.27  1046.16°
191,0 80 65.51  1113.94°%
191 109 =35.40 1013,03°
1942 100 -€5,93 982.50%
1943 108 -110.2} 938.19°
g 141 ~161.82 685.61"
1945 115 =13'1.69 G13.74"
1946 140 112,62 $35.81%
1947 156 157 .06 857.37"
1548 114 =135.92 1124517
1945 70 148,00  1196.43"
1950 56 111.7 116C.20%
1951 L7 125,22 1173.65"
1952 89 165,50  1217.93"
1953 103 £5,79 110l..22°
195 6l 18,06 1063.49%
1355 93 =09 1091,36°2
1956 82 mn.5r 1192,94K
1957 31 -33.% 101;..90°
Parity Number;
1 h62 «217,50 830.63%
2 170 -201,59 843.8,°
3 379 -35,42 953.01°¢
L 0l 4545  1002.989
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Apnendix 2
Tatle ¢ (continued)

Cirss Number of Animals L.3.C Me=n
Prrity MNumber: }
5 243 59.17 1107 .60°
E 160 92.689 1141,11%
7 142 13.43 1061 ,8€8
B . . 58 136.23 118)..66"
9 19 261,15 1309,88%
vonth of calving: '
January 182 o 7h.96 1123.393
Pebruary _ 146 118,09 1165,52°
March 49 36.48 10814..91°
April . 192 - 28.17 41076 ,60°
May 179 ©11.80 1060,23°
June 10} -102 .01 oL6 L 2®
July . 161 .86 1003,57%
August - 165 12,LR 1060,91%
Septemer | 224 - -28.82 ©019,47°
October ' 212 - -19.53 1008,90%
November T 191 ' _ -38.02 960.4458

December - 182 21,26 1065 ,69%

Within variatle groups row means fcollowed ty the zane letter
do not differ sisnificently (Pad.05), If no letter is used,
it indicates thzt the variable did not show a significant
difference in the amalysis of variance,
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| : ."2f§q' -

Table 10: Estimated least sqguares constants and means
_ - for 305-day milk yield {kg) for Sckoto Gudali
cattle.
Class Number of Animals L.5.C. Me=n
Overall . 928 - 10h2.,0L
Year of calving: _ :
193) 920 ~37.27 1004 . 7726
1935 32 28,15  1070,19°
1936 32 178,94 - 1220,98°
1937 e 208.09 1250.13%
1938 L3 75.97 1118,01%
1939 . 19 -81.70 950,34 %
1940 - - 35 -22.7h 1019.305
1941 . 36 -73.47 © $68.87"
1942 31 -170.74 &71.30%
1943 52 . ~56.,12 985,929
19, 52 -256,07 785.97%
19,5 L6 -8l .16 957.88%
1946 51 ~92.76 ona,»st
1947 59 -239.06 202,981
1048 10 L,8.42 1090.46"
1949 26 184,27 1226.31°
1650 11 127.39 1169.443"
1951 53 04,71 1146, 75P
1952 Yo ‘Bl Bl 1126,88°
1953 17 -51.29 988,759
195L 26 12 .47 1081;..51 7%
1955 29 153.64 1195, 689
1956 34 15,92 1087.96™
1957 12 -105.73 936,31%
Parity }Mumber:
1 2k -201.85 840,192
216 ~161.38 880,667

2 -
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Class Number of LS8 - Mean
animals

Parity .cmber:

L 108 -b61.46 980, 53¢
5 7 75.24  1117.26%
o 57 219.20 1261.2L°
7 30 71,70 1113.7:%
8 19 78.93  1120,97¢
9 13 47.37 - 1089511
Month of celving:

January , ' 7o §7.17 1139,.21

Feoruury 62 0.7« 1102.52

March 66 72.65 111409

April 57 -82.69 = 959.35

May 8L, -33.68 1008, 36

June 79 -52.66 989. 36

July 66 -13.49 1025,55

august 104 L6.61 1090.6_

Septemuver g2 -16.01 1026403

Uctober &5 -56.12 GBSy

Novenmoer 79 -85.6b 950, 30

December 78 ©1.4L 110348

wWithin veriable groups, row means followed by tuc sSume
letier co not differ significantly (»0.05). If nc
letter is used, it indicates thut the veriable did

not show a significant difference in the anclysis of
variance,
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APPENDIX 3

«nolysis of variance
nmonth of calving end
nunber on milk yiela
culving intervel for

analysis of variance
month of calving &nd
number on milk yiela

261

for efiects of ye.r,
calving intervol
per day (kg/day of
Bunaji cattle,

for efiects of yewor,
culving interval
per aay of calving

intervel (kg/dey) for Sokoto Gudali catcile,

bstimated least squaras constaents and ncins
for milk yield per dey of calving intcorvil
(kg/day) for Bunaji cattle.

bstimated leust squares constants and noons
for milk yield per dzy of cilving intoervil
(kg/dey) for ookoto Gudali cattle,
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analysis of vuriance for el eccts
of year, month of calving und
calving interval number on milk
yleld per day of calving intervel
(kg/day) for Bunaji cattle,

jggrgg:of U.F. Mean s§uare5 'F. di;n}jépance
ariation (kg<) volue level
Main efiects Iy ; 9.30 6,51 0 .007
Year 23 7 .29 5.10 0.C01
Montn 11 P 2.90 0,001
Calvins Interval

number 7 2l .81 1737 0,001
fesiuual 1765 1.43 -

Totaul ' 1830 1,60 -

appendix 3 fable 1z:

anclysis of varicnce for el ccts
of year, month of czlving .ud
culving intervel number on
S0Koto Gudell cattle.

o?uyg?’of D.F. Mean ﬁguares _ ’F. nignific;nce
variation (kg<) value level
Main effects 41 L} .65 223 (¢ oY
Yeur 23 LL.52 2.85 0,001
Montn 11 2.02 1.27 0,001
Calving intervael

number 7 7.92 5.00 0.C01
Residuel : 089 1458 -

Totul 730 1. 70 -
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cstimated least squares constants (nd

means for milk yield per day orf culving

intervel (kg/day) for Bunaji breed.

Class Number of animal L.o.C, Heun
Overall 1631 - 2142
Yeur of celving: '

1934 55 0.244 .CG?
1935 53 0.025 245°
1936 66 0.331 .75°
1937 66 0.328 2,75°
1928 77 0.358 .78
1939 71 0.230 2,652
1940 61 0.427 2,859
1941 &0 0.098 .52
192 81 0.100 Lo
1913 8l ~0.170 2,25%
194 111 -0,506 1.916
1945 100 -0.435 1.99"
1946 124 -0,318 2410™
1947 134 -0.456 198"
1546 105 -0.25) 79
1949 65 0. 388 N
1950 L6 0.067 gt
1557 5L 0.056 JL6%
1952 79 0.256 668
1953 96 -0.01Y 41"
1954 59 -0.242 JA6Y
1955 58 -C. 346 2,07
1956 71 0.227 e
1937 35 ~-0.392 Z403
Montn of calving:

Januery 151 0,230 N1
February 121 0.319 2. 712
March 12l 0.210 2,638
april 165 0.036 it®
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Avpendiy 3 Table 13 Continned

Class itunber .of Aninels L.:8.0C. Hlean

Honth of ecolvins:

Hey 152 -0.002 2,42¢
June 146 _ -0.159 2.26¢
July 140 : ~0.1351 2429°
August 14% 0.050 2.47¢
Septenber 192 -0.123 2,30
October 1953 -0.173 2,258
ovenbex 161 -0,161 2,248
Decenber 142 -0.096 2,327
Celving iaterval number:
: 500 -0.338 2.08%
2 110 -2,237 0.18P
5 522 0.250 2:65°
' 223 0.433 2,054
2 158 0.481 2.90°
5 118 0,332 2,81%
7 62 0,56+ 2,935
3 20 0.470 2,90°

Within variable groups, row neans followeld by the letter
do not difler sigaificantly (Py»0.05). Lf no letter is
uzed, it indicztec ti:at the veriable did not shoir a
sisnificant diffe-ence in the anclysis of veriance,
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rstimoted leust squares constints
and mezns for milk yiela per day
calving interval (kg/day) for
Sokoto Gudali breec.

Class wumber of animals LS 8x UTEIvE

Overull 731 - 2. 08
Year oi cilving: '

1934 13 -0.102 2,3C*
1935 20 -0 .069 22337
1936 26 0.554 2495°
1937 33 0.609 3.29°
1930 26 0.631 123"
1939 39 0.075 2,46
1940 26 0.284 2,66%
1941 2 0.0L0 - R
1942 2z -0.186 2,295
1943 32 -0.263 201"
190 40 ~0.672 1,73"
1945 35 -0.534 1-;?%
1946 L2 -0. 369 2,03Y
1947 53 -0, 392 g.oﬁﬁ
1948 36 ~0.200 220"
1949 19 0.095 z.50%
1950 30 0.012 TS o
1951 35 U.315 W o
1952 e 0.0t Za46%
1933 50 ~0. 244 PRt
1954 23 -0.053 ¢4 35°
1955 15 . 0.118 o™
1956 30 0.236 2.6i°
1957 10 -C. 369 2,039
Montan of calving:

Januury 60 0.31 271

Februcry 39 -0.127 227

Marcu l..l.? 0.261 .00

April 36 -0.254 2.15

May 66 -0.1081 2.22
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Claess Hunber of Animals L.S.C. Hean
Henth of czlving:
June 51 -0,278 2412
July 57 0.017 2,42
Augnat ' 0.020 2.42
September g2 0.0335 2.43
October 59 -0,093% 2:31
liovenber 72 0,033 2,43
Decenber 62 0.259 2,00
Celving interval number:
1 227 -0,300 2:10%
2 181 -1, 471 0,937
5 114 0,155 2,56°
4 65 0:365 2774
2 58 0,635 5404C
5 35 0,122 2.52°
1 21 0,353 2,76%
8 13 0,139 2,54C

—

within variable groups, mecans followed by the sane
letter do not difler significantly (B>0.05), If no

letter ic used, it indicates that

the variable dic

a1 2 sizadficant diference in the analysis of

variance,
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AYPEIDIX 4
Anzlyuic of variance for eifeclic of year and
nonth of calving and parity nunber on lactation
lensth (days) for Bunaji catile,

Analyslils of variance for eflects of year and
nonth o! celvink and pariiy nuitber on
lectation lengtﬁ (days) for Sokecto Gudali
cattlo,

.
Bstinated leaut squaves conctente and neans
for lactetion length (days) for Sokoto
Gudell cattle,
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Anglysis of variance for eolfects
ol year cid sonth ol calvia; and
rarity nunber on lactatlion lenztih
{dzys) for Bunaji cati.le.

Source of .7, Heon squases P, Siznificance
variation (day:2):(20°) value level
ifala efect 32 v 27.40 %4 38 C,001

Year
ioath 11

Leectation Hunbex 3

o.GCLl
0.04

C.001

Total 2417 .43 -
Apasendix 4 Table 16: Analysis of varicnce for el occts
of year and noath of ecalvinz; and
erity annber on lactation length
ieys) Jor So:oto Gudali catile,

source ol D,'s Hean cgucies E. Signilicence
varizilioa {Cag:*® )x(207?) value leveol
iinin elfect. 22 7 QIS LA ¢ I e
Teox a, 15 o Le0D 0:03

10k 1 303 I s 72
Loese i e 25 Ty o : S B 0 i : e

.. ne. U l'«. -
Tove? R LG5 -
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Appendix l. Table 17: Estimated least squares constent .
and means for lactztion len -t
(days) for Buneji cattle.

Class Number of Animals ) L. o Means
Overall 2416 - 230.59
Yecr of calving: -

1934 65 47.18 285,77°
1935 75 -15.55 223,0)°
1936 87 : -16.77 221,82°
1937 93 -21.00 217.:5°
1938 92 -11.50 227.0y%%
1940 82 -5.19 233.140°
1941 113 -10.70 227.59%
1942 101 “14.27 22}, 3274
1943 112 15.50 251,098
1944 10 26.86 265,15%
1945 120 -12.42 226,179
1946 146 -10.27 228,32%
1947 165 -22.16 216,13°
1948 125 -1.61 236.78™
1949 h 27.87 206.1,6"
1950 66 21.59 260,16Y
1951 gl 1.63 240,228
1952 . 106 11.83 250 2t
1953 120 6.66 245,25
195), 77 -12.09 226.50%
1955 103 -12,61 225,569
1956 &8 30.2Y 268,03
1957 90 ~9.70 228,09"
Lactazticon number:

1 563 . -11.27 227,322
2 519 -23.89  214.70°
3 L2 -19.59 219.00°
N 32¢ -10.23 228,36

i - a5
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Appendix 4 Table 17 Continued,
Class Number of Aninals L.S.C. Hean
Lactetion nunber: h
5 223 2.08 240.67%
6 158 9.70  248,29°
7 119 0.60 239,19
8 63 20.08 258.57%
9 20 32,52 271,115
Honth of calving:
1 202 , 15.24 253.713%
2 157 "8.51 247.10°
3 160 2,84 241.,43°
4 212 -0.57 238,029
5 198 -4,30 234,29
6 222 -17.85 220.76%
7 176 -0.92 237,674
8 190 10,11 248.70°
2 253 -1,04 237.55¢
10 231 -0.032 233,514
11 211 -5.56  253,03%S
12 206 -5,30 232,298

mmmed a8 e ——— e Th @ — o — g W St o e e

Within veriable groups row means followed by the seone
letter do not diier siznificantly (P»0.05). I no
letter 1o ucsed, it indicetes that the veriable did not
show a significant difference in the analy:sis of
variance,



291 " AR

Appendix l} Teble 18: Estimated least squares constents
and means for lactation len;th
(days) for Sokoto Gudali catile,

Class Number of Animals L.S.C. Meun
Overall 1003 - 238,25
Year of culving:

1934 21 19.66 257,91%
1935 33 5,041 243.66°
1936 33 0.16 238.11°
1937 1o 2,22 240, 1y7°
1938 43 -17.39 220,66
1939 50 -27.79 210,1;6°
1940 36 -11.02 227.;3f
1941 36 -17.80 zgo.;;f
1942 31 11441 2:6.uuf
1943 - 53 -15.05 219,20%
194 56 -32.99 205.:6?
1945 51 5.66 243,91°
1546 56 ~1.0M 237.21°€
1947 61 -30.72 207,:3%€
1948 L7 142 239.67°
1949 26 37.37 275,62
1950 L 31.34 269,59
1951 5l 26.57 264,029
1952 L6 10.92 29, 17"
1953 54 -2, 235.61¢2
1951, 25 6439 246.0°
1955 31 23.33 261, 569
1956 36 18,80 257,08
1957 32 -19,60 213,6337
Lactation iNumber:

1 262 -19.19 219,065P
2 232 =231 216,91°
3 183 -21.73 216 ,52°
L 11l -17.61 220,540
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Appendix L Table 18 Continued.

Class Number of Animals LS00 Meun

Lactztion humber:

5 85 12,87 251,12°
6 56 ) 30.73 " 260,969
7 35 -12,22 226.05°%
8 21 17.86 256,11
9 13 30.60 263,659
Month of celving:
1 81 19.96 255,21
2 66 11.81 250,06
3 73 16,26 254,51
L 61 -104.25 223,96
5 86 -7.22 231403
6 85 -7.05 231,20
7 73 -12.31 225,51}
8 112 1137 24202
9 102 -0.62 237.63
10 S0 -6,.65 231.40
11 83 - -9.66 220,29
12 88 -1.40 236,065

dituin verieble groups row means followed by tusz cane
let.er o not differ significantly (E»0.05). If no
letter is used, it indicates that the variable did
not swow & significent difference in the analysis of
varicnce, .



APPEUDIX 5

Table 17 3IZstinated least Squares conutenic and
necn for z-e al'first eclving for Buncoji
cattle,

Table 20: 2Bstinated leauil squeres constants and
newns for age at first calving forxr
Sokoto Gudalli cattle.
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least squares const:ints

(L.5.C.) and means for age at

first calving for Bunaji cattle,
Class Number of animals LieS.C, Mean
Overall - 579 - 1573.61
Yeur of celving:
1934 5 ~5.93 1367.51%
1935 21 -31,82 1342,02P
1936 21 ~194.10 1179.74°
1937 25 -74.65 1299,199
1938 16 -122,8Y 1251,00€
1939 7 -68.67 1285,17%
1940 22 -36.20 1337.04°
1941 35 -36.62 1337.02P
1942 20 -30.66 1343, 16P
1943 31 -116,23 1257.61¢
194 3l ~55.50 1316,346
1945 25 16.6L 1390, 40P
1946 23 9.72 1333, 26"
1947 25 ~37.56 1336, 35°
1948 25 -133.149 1240, 35*
1949 12 21,7y 1393, 568
1950 22 51.11 142,559
1951 L 67.77 141,618
1952 29 201459 1578 1,37
1953 26 204,93 1576, 77+
1954 18 236,49 1610, 33"
1955 45 -9.87 1363.972
1956 17 81.00 145Y. 547
1957 3. 80.35 14350160
Month of calving:
January 55 -22,06 1351.78
February 36 -62,08 1311.76
Marcn 39 -17.85 1355.99
April 43 19,90 1393.7;;

e —




appendix 5 Teble 19 Continued.

Class Number of Animels LiB.Cs - Me.n

Month of calving:

May 41 $ -5.67 1360,17
June 68 -1C.10 1363.9iL
July 37 38.72 1412,56
sugust L5 4.40 1378, 2L
Septenber SN -30.61 1343.23
October 39 40,0l 1413456
November 47 32.26 1406.12
December 65 =717 1360,67

Within varicble groups, row means followed by tac ocme
letter do not aiffer significently(P>0,05). If no
letter is used it indicates that the variuble did not
show a significant difference in the analysis of
variance,
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Cless Number of animals L.5.C. Meun
Month of calving:

May 19 181 .66 1570.96
June 28 -7.95 1331.35
July 15 6481 139611
August 31 10.87 1400,17
September 21 37.83 1427.13
October 2 21.60 1410,<0
November 8 =27.99 1361.31
December 20 28.67 417,97

wiithin variable groups row means followed by tane ccme
latter do not aiffer significantly (P»0,05)., If no
letter is used, it indicates that the variable dia not
snow & significent difference in the znalysis of

varionce.,

]
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APPENDIX 6

Table 21: tnalysis of variaznce for efrects of
year, month of calving and perity numbcor
on dry pericd (days) Ifor ouneji cattle.

Table 2c: analysis of variance for effects of
year, month of calving &and parity number
on dry period (days) for Sokoto Gudu.li
cattle,

Table 23: Estimated least sguares constants and
means for dry peried (days) for BunaJi
cattle,

Table Zl: pstimated least squares constants and
means for dry periocd (days) for oSokoto
Gudali cattle,
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analysis of variance for eflects
of year, month of calving und

parity number on dry period

(days) for Bunaji cattle.
seurce of D.F Neanzsquares | aignifI;ance
variation e (days®) x (103) value level
Main efilects L2 64 .50 2.35 0,001
Yeur 23 . 94,26 2.62 0,001
Fionth 11 LO.9L 1th 0.33
Farity 6 99 .11 2.76 0.005
Residuul 1915 35.97 -
Totel 1957 37.02 -

Appendix © Table 2¢:

analysis of variance for ei.ccts
of year, month of calving and
parity number on dry period (deys)
for Sokoto Guaali cattle.

source of D.F. lMeap squares F. OSignificance
varietion . (day<) x (103) wvalue level
Main effects 2 29.59 1.82 0.001
Yeur 23 32.16 1.96 0.00l;
Month 1) 29,25 1.66 0.05
Parity 8 14.50 0.69 0.52
resiaucl 751 16,26 -

Total 793 16.97 -
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Estimated least sQ
and means
for Bunaji cattle.
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pares constents
for dry period

Class njumber of Animals L.S5.Co Mezn
Ooverall 1958 - 155474
Yeer of calving:

1934 56 -55.19 10l.0 55°
1935 bl -35.69 123.85°
1936 80 =222 132.52°
1937 82 27.09 186,032
1938 87 8.13 167.67°
1939 66 -9.09 150.65
19L0 75 -19.85 139,895
1941 97 -30.91 128.93°
1942 91 =22,22 1374528
19143 101 -20.03 139,715
1914 114 -31.59 126.15°
1945 96 —1,2.53 417,218
1946 137 -29.03 130.71°
1917 132 20,08 179.62"
1948 76 35.48 195,29
1949 56 -016 159.56"
1950 L6 17,16 176.90"
1951 79 30.149 190,23
1952 n -13.87 115.087"
1953 79 76,05 237.79"
1954 51 36.59 196, ;;‘?
1955 73 21,00 160.00"
1956 75 -22.37 137.37°
1957 1o 5.7k 24 o4 &F
Perity Number:

1 515 26.5L 186.26°
2 Ly 28,66 188.12°
3 335 3,78 163.52°
L 255 -10.63 149.11°
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Appendix 6 Teble 2i: Estimated least squares constunts

(L.>.C) and means for dry period
(days) for Sokoto Gudali c:ttle,

Cless humber of animals L.8,.Cs Mean
Overall 794 - 155,51
Year of calving:

193, 20 -29,52 125,.:9%
1935 30 -18.89 13@.6;b
1936 32 -23.67 131,84"
1937 33 -50,00 105.51%
1938 39 -26.48 127.03°
1939 37 6.68 162,19%
1940 32 -21.80 133,715
1941 31 6.99 162,50
1942 31 el 159,92"
1943 iy 15.16 174,67
1944 37 L8.67 2014, 169
1945 L2 =2l 31 131,20%°
1946 50 2144 176,95
1947 Ly 46.07 201,569
1946 27 59.968 215,L.5"
1945 19 -21.40 134,71
1950 37 -27.28 125.;3f
1951 50 25.95 181,46
1952 37 -41.40 114,118
1953 30 26,19 181,7¢t
1954 19 18,11 173.62"
1955 27 -43.87 111,615
1956 30 ~2.20 153,31
1957 16, LS.17 200,659
Parity Number:

1 229 2. 69 180,20
2 189 2.52 165.03
3 133 -14.05 15140120
L 87 12.44 167.95
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Appendix 6 Table 24 Continued. -
Class Hpmber of Animals L.S5.C, Mean
Parzity llunbex:
5 68 -15.03 140,43
6 41 -3.56 151.95
T 26 s 3.22 165,73
5 14 4,56 150,07

H -36.79 118,72
Honth of calvingzg:
Jenuary 68 ~1.94 153.57%
Februaxry 57 1,01 156,528
Harch 57 -24,28 131,230
April 43 39.17 195,28¢
Hay 10 26,07 181,589
June 64 26,556 182,074
July 49 ~9.58 145,.935€
August 92 ) -26,14 129.37b
Septenbver 78 -27.78 127.73b
Octobexr 75 -0.35 155,162
liovenber 68 14,17 141, 54¢€
Decenber 13 10,83 166, 34%

Within variable groups.row means followed by the same
letter do not differ significantly (P>0.05). £ no
letter ic uced, it indicates that the variable did
not ghow a significontly difierence in the analysis
of variance,



Table 25:

Table 26:

Table 27:

Table 28:

APPENDIX T

Anaglysis of veariance-for effects of
year and month of calving and calving
interval nunber on calving intervel
of Bunaji cattle,

Anzlysis of veriance for efliects of
year and month'of calving end calving
interval number on calving iatervo.l of
Sokoteo Gudall cattle.

Estinated least cquares constants and
neans for calviiag interval of Bunaji
cattle.

Estinated leact squares conctants and
mezns for calving interval of Sokoto
Gudall cattle,
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Analycis of veriance for effects
of year and nmonth of czlving and
calving interval number on

calving intervel of Bunaji cattle,

Source of D.F. Hean sqnar?s P, Significance
- \
varistlion dars?)z(10%) valne level
liain effects 4 15.56 +.35 0.001
1]
Yeoxr 23 20,41 5.5%4 0,001

nonth 11
Perity 3

lesidual 2071

Totel 2113

[=
O

i
N
mn

0,31

N

-

=

I_l

= -
-

it

0.09

i

1=

ra
1

i

A\

n
1

Apendi: 7 Table 263 Anelysis of varziance for eflecis
of year a2nd moath of calving
anéd calviaz diantervel nunoer on
calving interval of Soloto Gudall
catile,
Source of Dol 5en:n:quare£ F, Si—nificcuce
- - et AT 1 " --g’ o3 s T 9y b ar - "
rendp iy, {2o58<)={107) velug o
B N
Heain effects fe 3.92. 518 0.C01
Yeor 25 5.30 %00 0,001
Honsa il 1.5 1,22 0.27
Pority 8 2.1¢ 1. 77 0,09
Residunl 32 v 1u2% -
Total 865 %51 -

- B s Tl T T P —————

—
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Appendix 7 Table 27: Estimated least squares conctants
and means for calving interval of
Bunaji cattle.

Class Number of animals LSl Mean
Overcll 2114 . - 4OS 115
Yecr of celving:

1934 62 -12,36 394,09
1935 b -31.17 372,28°
1936 70 -57.45 345.00°
1837 76 -59.35 3&7.1o°
1936 S0 ~56.69 349,76°
1939 85 -55.96 350,147°
1940 73 -47.78 358,679
1941 93 -53.97 352, L16%€
1942 99 -18.50 387.55%
1943 69 61.66 158,118
154l 120 34.15 440,508
1945 116 -8.99 397.16°
19L6 133 -11.63 394,628
1947 143 -55.10 351, 35%€
1948 130 ~145.83 360,028
1945 82 15.50 y21.95
1950 . 56 28.9L 435, 3¢V
1951 56 50,70 u57.135"
1952 85 30,15 436,509
1953 108 27.19 u3;.igf
1954 ©5 38.39 idyeciy "
1955 60 138.65 545,10
1956 79 27,48 433.539
1957 78. 65, 39 4714008
Calving interval Number:

1 561 15,02 42107

2 u79 -93.686 312.5S
3 360 -3.04L 403441
L 260 7.4 399.C1
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Aprendix T Table 2T Continued.

Class Humber of Animals L.8.C., . Mean

Calving interval Number:

180 -1,06 405,39
6 139 . _ 3¢33 409,78
T 96 ‘ 1,46 407.91
8 39 85459 492,04
Honth of calving:
January 171 6,67 413,12
Pebruar) 126 3.93 10,38
Harch 142 37.62 444,07
April 194 12,32 418,71
Hay 169 5433 411,78
June 170 -15.01 391,44
July 156, -17.29 389,16
August 8 3 i1 -5,56 399,89
Septenber 227 -3.5%3 598,12
Octobexr 230 -4,58 401,87
iovenber 1388 -15,178 390,67
Decenber 1469 1,58 408,13

- -

iith variable groups, row necuas followed by the sane
letter do not differ significaatly (P)»0.05). If no
letier is uced, it indicates that the variazble did
not show & sisnificance difference in the znalysis
of varlance,
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Aprendix 7 Table 28: Estimated least squares coactonts

and means for calving intervul
of Sokoto Gudali cattle,

Clacss Number of animals LSCo Meun
Overall 607 - 398,09
Year of czlving:
1934 13 -16,65 336,112
1935 22 ‘ -21:65 376, LilsP
1936 29 -37.28 360.51°
1937 35 -36,52 361,57°
1938 29 414,99 353.109
1939 L5 ~66.96 331,13
1540 L2 ~51.94 o, 15%
1941 L3 -38.12 359.97°
1942 3€ -15.64 382,458
1943 38 -48.93 35.16*
19044 L6 -16.17 381,328
1945 L3 13.05 RER A
1546 L 19.36 B1747"
1947 - 5L -26,08 372,019
1548 L6 2.19 400, 20K
1949 21 £9.11 4874 20
1950 3L 83,35 58140
1951 36 -085 397. 2"
1952 Lk 5.05 403, 14K
1953 52 51459 152,60
1954 26 13,68 h11.:7?
1955 19 6.75 N Re
1656 35 10.16 408 . 5P
1957 31 36,61 370"
Calving intervazl number:
1 259 26.93 425,02
209 -113,07 285,02

2
3 131 =443 393.66
L 93 L.6l 402.73




Appendixz T Table 28: Continued.

Class iTfunber of Aninals L.S5.C, Hean
Calving interval Nunber:

> 12 25,85 423,95
6 o1 51,64 }29.73
1 54 : 9.68 407,71
8 19 18.75 t16,87%
Hoath of calving:

January 67 -2,72 395.31
February S 45.5# 440,63
Harch 54 -17.07 381,02
Ap=1il 45 =395 39414
fay , 30 -2.24 395.85
June 57 -2,94 595,15
July 67 9,93 +08,07
August 917 -20.77 3TT.52
Sentenber 29 . 14,27 12,356
October 34 -7.49 538,60
ilovenber 35 ‘=480 591,29
Decenber 7T -, 01 397.28
Within vorilable groups, row neans followed by the saone
letier cdo not differ siznificanily (PAC.05). I no
letter is used it indicates that the variadle éid not
show a significant diflerence in the analysis of

varlance,



