
PERFORMANCE OF EXOTIC DAIRY CATTLE IN THE
SOUTHERN HIGHLANDS OF TANZANIA AND PROSPECTS FOR GENETIC

IMPROVEMENT

BY

GEORGE CESILIUS KIFARO

A THESIS SUBMITTED IN FULFILMENT FOR THE DEGREE OF DOCTOR

OF PHILOSOPHY OF SOKOINE UNIVERSITY OF AGRICULTURE

1995

■Mlilll
064723 0



i i

ABSTRACT

performance ofTh i s aimed evaluating thestudy atwas
exotic dairy cattle in five large farms in Iringa and Mbeya

mortalityreg i ons. calfi ncludedMai n stud i edaspects
reproductive traits, milk yield, milk composition,rates,

and lifetime performance traits.

1.8 to 9.5% while rates ofRates of abortion ranged from
stillbirths varied between 3.4 and 9.8%. Death rates ranged

calves and fromfrom for unweaned 13.29.3 to
Diarrhoea/ scours, pneumonia and29.6% for weaned calves.

nutritional problems were the main causes of calf deaths.

Mean ages at first calving and calving intervals for the
five farms ranged from 33 to 39 months and 375 to 489 days,
respectively. Overall mean lactation milk yield, lactation

dry period for individual farms ranged from 21971 engt-h,
dayskg, and2642 270 321 86 days,to to to 165

i mportantrespective!y. non-geneti cThe most factors
1actati on traitsaffecting performance ofwere year

calvingcalvi ng, pari ty i nterval.and current Milk
production in most farms was declining, a trend attributed

Weighteddeterioration i n management.to repeatabi1ity
estimates 0.21±0.020.14±0.01, and 0.37±0.01 forwere

1actati oni nterval, lengthcalving and lactation milk

to 25.5%
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yield, respectively.

differ much from those recorded for Friesians elsewhere in
the tropics. Stage of lactation, calendar month, parity and
year of recording highly influenced their variations. Milk
yield on test-days had strong negative correlations with

BF and proteinprotein percent (-0.53).(-0.47) andBF%
percentages were positively correlated (0.59).

Day-to-day variation of milk yield was higher at Uyole than
at Thimbu and was associated with level of milk production
and inaccurate recording. The most variable milk component
was protein whose variation was ascribed mainly to errors
of determination.

Part and cumulative milk records were highly influenced by
of calving. Effectparity, and of calvingseasonyear

interval was noticeable from the sixth month of lactation.
Records in mid-1actation had the highest correlation with
305-day yield. Ratio and regression extension factors were
derived based on findings from this study.

1i feti me traitsinPerformance similar to thosewere
reported elsewhere in the tropics. Age at first calving and
first lactation yield had high association with lifetime

Mean percentages of milk components on test-days did not
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traits used in this study and were important estimators of
lifetime milk production.

options of culling procedures were proposed andSeveral
discussed. It was concluded that there is great opportunity

genetic improvement of dairy cattlefor
i sviability ofhighlands Tanzania provided calvesof

the downward trend in performance is reversed,i mproved,
is improved and a culling procedure is adopted.recordi ng

in the southern
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it was very good."and behold,
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CHAPTER 1

INTRODUCTION

whoseTanzaniaforThe first development plandairy
implementation formally started in 1975 was prompted by the

Tsh.19from aboutin imports of dairy productsincrease
(Mwakatundu,1978).197370 million inmillion in 1962 to

rapidly increasing demand of milk

in towns where dairy plants relied mainly on imported milk
dairyof theinceptionreconstitution. Thesolids for

country’sraising theaimeddevelopment strategy was at

number of exotic dairy animals and consequently be able to

increase milk production.

when the livestockThe milk supply to Tanzanians in 1984,
come mainly from theestimated totook place, wascensus

(220 million litres), followed bytraditional subsector
million litres) and( 73 about 47improved dairy cattle

million litres were reconstituted by Tanzania Dairies Ltd.
1988 ) .from imported milk solids (Kurwijila, ILCA (1991)

FAO reports) in 1987 be 440 millionto

Tanzania’sof 22.0 litresconsumptioncaput year.per

population growth rate during 1980-87 was 3.5% and the per
caput annual growth rate in milk consumption for the period
1985-87 was negative (-1.8 %). This reflects the relatively
small dairy cattlecontribution exoticof the to the

(based onreports estimated milk production from all cows

Furthermore, there was a

litres and a per
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country’s total milk production.

As

formed inthe Tanzania Dairy Farming Company (DAFCO) was

for operating large1974 inter alia,to be responsible,

scale dairy farms from which farmers could acquire surplus

couldaddition,improved dairy the farmscattle. In

increase the amount of pasteurized milk to urban consumers

through dairy plants and play the role of establishing a

national milk recording scheme (MALD,1986).

Three approaches have been attempted to increase the number
of e?;otic dairy cattle in Tanzania. Firstly, through direct

importation of live animals (cows/heifers and bulls). This

started in the 1950s but was intensified in the late 1970s.

imported theInitially animals f rom neighbouringwere

country Kenya but later importations were made from United

States of America (USA), New Zealand, and latelyEurope,

Some of these animals were sold directly tofrom Zimbabwe.
farmers but the majority were stocked in DAFCO and other
government/parastatal farms. Secondly, artificial

(Al )insemination services developed to augmentwere
introduction of exotic germplasm into the national dairy

approach has beenherd. theThe third establishment of
livestock multiplication units in which pure exotic sires,
mainly of Friesian, Ayrshire and Jersey breeds, are mated
to zebu females (Boran or Tanzania shorthorn zebu-TSZ) to

heifers for distribution to farmers.produce Fj

a strategy in implementing the dairy development plan,
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number ofof increasing theof the exerciseThe success

andsurvivaldairy cattle largely depends on their rate

usedSurplus animals toreproductive efficiency.
small-soldf arms toherds, stock otherexpand the or

for poor herd growthof theholder farmers. One reasons

rate is hypothesized to be low survival rate among calves.

still-births or deaths.Losses could be due to abortions,
high geneticloss of animals o fresult inCalf deaths

selectionand reducedherd replacementsfewervalue,

di f ferential.

For a country like Tanzania where the supply of milk is far
milk yield from every lactating animal is ofbelow demand,

the level of milk production isgreat importance. However,

environmentaldetermined by genotype of the sourcescow ,

of variation and the interaction between the two. Knowledge
influencing milknon-genetic f actorsimportantof

improving management ofproduction is necessary for the
animals and for implementing breeding programmes.

The importance of energy content in milk was recognized as
1920s ( Gaines and Davidson,early as 1923 cited by CAB,

1980) when it was realized that a fair comparison of cows ’
producingmilk abilities should be based 4% fat-on

corrected milk (FCM). Of late, protein has received more
attention f rom nutrition point of view and has been
included not only in routine testing schemes but also in
selection indices. No testingroutine scheme for milk

can be
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composition has been attempted in Tanzania.

advanced inis at stageDairy recording manyverya
developingthedeveloped countries. On contrary, many

have not regarded dairy recording at farm andcountries

integral component in dairy cattlelevelnational

Among large commercial dairymanagement and improvement.

still practice hand milking while othersfarms, aresome
Dailyof recording varies.machine milking. Frequency

practised in farms; few f armsstillrecording is many

In developed countries

precision of milkinginvestigations being made onare

1968),devices (e.g. but in developingSmith and Plowman,

countries quite few studies have been done on variation of

daily and estimated lactation yieldsrecords oferrors

Lindstrom,1976a,b; Mchau et al,1983 } . Less accurate( e . g .
daily records result in imprecise estimates of lactation

yields. Frequent disturbances in daily routines such as
variations in concentrate supply, poor handling of cows
during milking including incomplete evacuation of udders,
inadequate water availed to and irregular intervalscows

between milkings tend to increase day-to-day variation in
milk yield and thus errors of lactation records.

testing schemes,In generation interval is
minimised by using first lactation records and reduced
still further by use of part records (Lamb and McGilliard,
1960) . In order to increase number of daughters per sire,

most progeny

record twice or thrice per month.

as an



5

incomplete records (terminated or in progress) are extended

to full lactation records and included in sire evaluations.

Extended records can also be used for ranking cows within

culling decisions. Level ofto arriveherds atin order
variesrecordsf actorsinfluence on parto f non-genetic

(Fritz et al. ,1960 and Auran,with lactationo fstage
whichestablish1973 ) . therefore, toIt is , necessary

for bef ore recordsadjustedfactors behave to are

extrapolated.

inHerdlife cow remainsa

withis highly associatedthe herd and obviously that

number of calves she can leave behind, with the amount of

milk she can produce in her lifetime and with the required

annual herd recruitment rate. In dairying it is desirable

selected for high milk production stay in thethat cows

produce more milk during their highherd for a long time,
productive periods and leave calves of high genetic merit.
Selection of is done early in life, after firstcows or

lactation hence associationsecond between early life
traits herdlifeperformance and ofis interest.

Furthermore, for terminating herdlife ofreasons are
for breeding,interest and diseasemanagement control

purposes.

This study was undertaken with the following objectives:

1 . To examine performance of exotic dairy cattle in the

or stayability is the duration
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southern highlands of Tanzania with respect to

herdlifemilk composition,reproduction,mortality,

and milk production traits.

2 . To quantify non-genetic sources of variation

affecting traits considered above (in 1).

3 . To establish sound culling and breeding programmes

which will optimize genetic progress for milk

production.
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CHAPTER 2

LITERATURE REVIEW

underlyingdefinitionsthi s and1i terature rev i ew,In
butcited from all relevantconcepts have been sources

thoserestricted mainlyperformance have been todata
insub-tropics. Onlyand/orin tropicsreported the

tropicsoccas ions studies the notwhere from were
temperate countries hasinformati onavai1able, from the

1i terature basedpossi blemuchbeen used. As onas
in this(breeds usedAyrshires and GuernseysFri esi ans,

study) was selected but occasionally other breeds or breed
available in Tanzania were cited.crosses

Calf mortality2.1

2.1.1 Introduction

In the tropics herd sizes grow slowly or remain stagnant
Besides economic losses due todue to high calf wastages.

costs already incurred on calf rearing, deaths also result
high genetic value,animals ofin 1 OSS of fewer herd

selection differential,and reducedreplacements which
influences genetic gain (Vaccaro and Vaccaro, 1981). It is
further pointed out by Asker and El-Itriby (1957) that calf
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closelybreedi introducedmortali ty ofrates arean

andenvi ronmenti nwith adaptabilityassociated newa
resistence to endemic diseases. The magnitude of death rate
in a farm is
also be indicative of herd health problems (Simensen,1986 )

i ncreasedi ncome andannualand imply reducedmay
veterinary expenses (Hollon and Braton,1975 ).

2.1.2 Abortions and Stillbirths

by Simensen (1986) deaths ofAbortions defined aswere
gestation. ofdays offoetuses before Frequency270

incidences asabortions is calculated as number of these
percent of total number of pregnancies (Madsen and Vinther,
1975).

Rates of abortions have varied with country of study, herd
withinbetween the herd.and Vaccaroyearseven same

( 1974a) made a review on calf mortality rate in the tropics
reported rates of from Jersey herd inand 2.5% Latina

America and from Friesian in Columbia.herd2.8% Reda
Danish cattle managed in Thailand had an abortion rate of

to 93.75% Bos taurus
blood had abortions ranging from 3.8 to 5.3% (Madsen and

1975).Vinther, (1982)andVaccaro Vaccaro reported an
overall abortion rate of 6.7% and a range from 2.5 to 11%

a reflection of level of management but could

21.5% while their crosses with 67.5
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in Venezuela.various herds raising Friesian crossesi n

farm in Iringa region,
ianzani a, i nci dence abortion beshowed of 4.1%torate
(Kifaro and Temba, 1990 ) . Comparatively low rates of 1.8%

first crossespurebred Friesians and 2.5% in theiramong
El-Itriby (1957). Ghana,observed by Asker Inandwere

abortion rate of 6.7%Canadian Holstein Friesians had an
(Kabuga,1990).

( 1982 )articlethe by andIn VaccaroVaccaro year
differences in abortion rates were significant. There was
an apparent increase in incidence rates as years went by.
Effects of breed and season of calving were not important.
In Brazil, Vaccaro (1974a) reported higher incidences among

(11.1%) than inFriesians (6.2%)Jerseys Guernseysor
(1975) found(1.9%). large variationsHollon and Braton

between genetic groups with pure Friesians having higher
frequencies of abortions compared to crossbred cows.

Sti11 bi rths perinatal deaths at 270 days ofare over
gestation and during the first hours of life (Auran,24

sti11 bi rth i sof1 972 ). the proportion (in %)Rate of
number of such incidences to the total number of calves
born (Igboeli, Madsen and Vinther, 1975). Simensen1973a;
(1986) notes that over 80% of all perinatal deaths are due
to anoxia resulting from prolonged parturition, big calf

Records of Ayrshire cattle on one
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rarelysi ze smal 1 butand pelvic of damopeni ng the

septicaemia. Direct and maternal genetic effects contribute
resultingconsi derably difficult calvings andtowards

stillbirths (Phi 11ipson,1976).

Frequencies of stillbirths have been a subject of study by
sti11 bi rthsIgboeli (1973b) found thatworkers.many

Zambianaccounted for calvings i nof al 1 state8.6% 1 5
Fri esi ansprivately owned dairy farms raisingfarms or

imported from South Africa and Europe. 1ocatedIn a herd
in Maracay, Vaccaro (1974a) reported a rate ofVenezuela,

Madsen and Vintherstillbirth of 6.9% while i n Thai 1 and,
(1975) obtained frequency of stillbirth of the order of
5.1% among Red to 6.0%

mi 1 chthei r with Indian cattle. Kabugacrossesamong
(1990) i n recorded of Rather lowGhana rate 8.6%.a
frequencies of stillbirths (2.5% to 3.3%) were noted by
Vaccaro and Vaccaro (1981,1982) among Friesians and Brown

in Venezuela and by Ragab and AskerSwiss first crosses
(1959) (2.2%) among Dutch Friesians in India.

Analysis of frequencies of sti11 bi rths by Vaccaro and
Vaccaro (1981) indicated that differences between years and
seasons were statistically significant with a tendency to
increase with years; however, breed differences were not
important.

Danish cows and ranging from 3.3
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2.1.3 Postnatal mortality rates

A number of ways are employed in calculating calf mortality
This variation is based on the chosen denominator.rate.

The numerator is always the number of calves that die while
number of calves bornthe denominator can be either total

periodpopulation during the specified timei n that as
described by Putt et al.(1987 ). It is imperative to specify

peri odtimelimits i nvolved andthe of calvesage
annual mortality rate). The latter Putt(e.g.considered,

"Proporti onalrate"."crudea1987 ) deathtermedet
number of deathsmortali ty rate" defi ned thewas as

occuring from a specific cause in a specified time period
divided by number of all dead calves during that period.

vari ati on inin defi ni tion aloneDifferences can cause
reported rates of deaths among herds. Death statistics from

(1974a) showed that mostthe tropics reviewed by Vaccaro
studies did not define ages. Most losses were observed to

18 months of age and ranged from 16% to as
high as 71% with most estimates being between 30 and 40%.

i t has been demonstrated that nativeConsistent!y and
crossbred calves had superior survival rates compared to
exotics. In Vaccaro’s (1974a) review, Friesians managed in
Venezuela, Fiji and Mozambique had death rates of 3.7, 19.7

(e.g. by Shoo et al.,1992) or the average number of calves

occur before
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had notrespective!y. Mozambique studyand 33.3%, The

specified age limits but the others had considered calves
that were below 6 months of age. Asker and El-Itriby (1957)

32.3% among Friesians in Egyptreported a death rate of
loss of 18.7%while Sharma et al. (1975) found an overall

thei rmi 1 chSwiss Indian cattle andcalves,Browni n
crosses. Previous work in Tanzania by Mhaiki (1980), Msanga

(1991) and Shoo et al.(1992) have shown deathand Nduye
rates from 5.8 to 12.1 for heifer calves below one year of

and a death29.2% for calves below oneage,
respectively.(age not specified), Theseof 23.0%rate

studies were carried out in the eastern and north-eastern
involved a wide spectrum of breedszones of Tanzania and

and breed crosses.

Genetic and environmental factors influence rates of calf
Death rates have been shown to vary significantlylosses.

Channel Island dairy breeds were observed towith breed.
have higher calf deaths than Ayrshire which in turn had
higher incidences than Shorthorns or Friesians (Roy, 1970).

crossbred calves experienced higher mortalitySi mi 1 ar1y,
(5.2%) compared to purebred Friesians ( 3.5%)(Peters, 1986)
Effect of sex of calf on death rate has attracted a number

i nstudies. The phenomenon al 1of studies,common
irrespective of significance of the difference, has been
higher survival rate in heifer calves than in bull calves.

year of age
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One of the reasons advanced to explain this difference is

andfeedingofpreferenti al inthe termstreatment
their higherduemanagement given heifer calves toto

In the herd studied by Msanga and Nduyeeconomic value.
male calves were weaned at 12 weeks(1991 ) , for example,

Survival rate ofof age compared to 16 weeks for heifers.
in males, thei thei fers while on 1 y 66.2%75 waswas

difference being significant (P < 0.05). Ranatunga (1965),
working with five government farms in Sri Lanka, found the
post-natal mortality up to 6 months of age to be 6.4 and

Correspondi ngrespectively.in females,males and5.2%

death rates reported by Sharma et al., ( 1975 ) were 19.3 and
It appears even when no preferential management is18.0%.

given to female calves, death rates are higher among males.

feature in many studies on calf mortalityAnother common
and Jain, Mchau >1.,1983;1 967 ;( Amble etrates e. g.

al.,1975; ShooGiImore, Sharma et etMiller and 1949;
decli nesnumber of deaths ofal_. , 1992) i s that as age

Sharma et al.( 1975) showed death ratescalves advances.
5.1 and 2.8% for calves below one month of age,Of 9.3, 1

3 months and 3 to 12 months, respectively. Asker and El-
noted that of al 1Itri by ( 1957 ) 70% calf lossesover

months of thereafterbefore lossesoccurred 6 age,
decreased with age. Ragab and Asker (1959) found 79.3% of

before weaning; inthe deaths 29.6% the firstto occur



14
grow olderAs calvesmonth and 27% in the second month.

they become better able to withstand adverse environmental
condi tions andi nfecti ons.and the MsangaOn contrary,
Nduye (1991) reported higher post-weaning (4 to 12 months
of age) mortality (21.8%) than pre-weaning mortality (8.4%)
and attributed this to the failure of calves to withstand

In the report by Mchau etstressful out-door environment.
al. • (1983) on Friesian calves, pre-weaning death rate was

12 months of12.8% whereas death to age was
38.9%.

Year differences in death rates is a reflection of changes
in management, weather and occurrence of epidemics. Often
yearly variations are large. In the study by Sharma et al.

inclusive),20 years (1952(1975 ) which covered 1971,
was significant (P 0.01) and annual deathyear effect <

Oseifrom 5.6 Ghana, ar­ranged 38.5%. Into etrates
of calvingi nf1uence(1991) studi ed of calfseason on

deaths between zero and 12 months of age. They found that
9.6% of the deaths occurred in the dry season and 8.2% in

for significancerai nythe testNo made.season. was
(1980) found no significant influence ofMhai kiHowever,

rate of calves in eastern Tanzania.

Calf size,such herdsystemsmanagement level ofas
supervision, (pensdesign of cal f floorpens on or on

season on survival

rate from 3
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milk1i quidelevated system)stal1s, venti1ation and

etfeeding programmes been elucidated by Hartmanhave
i ndoorSimilarly,al,.( 1974) to contribute to calf deaths.

outdoor management system has been observed to affector
(1974a) reported of a studysurvival of calves. Vaccaro

calves,which houseddone i n Philippi nes in fullythe
calves housed at night only and those reared exclusively

17 and 43%, respectively.on pasture had death rates of 7,

2.1.4 Causes of calf deaths

Roy (1980) and Simensen (1986) contemplate that enteric and
major cal f healthdisorders therespi ratory twoare

Among the enteric disorders neonatal diarrhoeahazards.
faeces of less than 120 g DM kg’ ) occurs during(that is,

The most important pathogenlife.the first days of10
responsible for this is Escheri chi a col i . At a later stage
Sal monel 1 a spp. may play part (Roy, Simensen, 1986 ).1 970;

associated with coll(1980) cal 1 s di arrhoea E.Roy as
putrefactive diarrhoea. Nutritional diarrhoea arises from

dysfunction i ntoand develop i nfectiousgastric may
if enteropathogenic strains of E.di arrhoea col i become

dominant. Both diarrhoeas cause damage to villi of duodenal
reduce enzyme activity such as of lactase and causemucosa,

Respiratory disorders,body weight loss of up to 25%. on
the inother hand, frequently 1 months2 oldoccur
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calves. Causes are mainly bacteria, viruses and mycoplasmas
(Simensen, 1986).

Amble and Jain (1967) studying causes of deaths onwere
military farms in India and observed that nearly two thirds

deaths of female young stock was accounted for byof total
( 19%).ri nderpestpneumon ia (22%), enteri ti s (21%) and

Among herd health traits studied by McDowell and McDaniel
pneumonia,( 1 968 ) i n heifers before calving were scours,

and sterility.d i arrhoea, bronchitis, foot Scours,rot
pneumonia and sterility constituted 21% of the reasons for
heifer disposals.
herd in Tanzania (Mchau et al . , 1983) involving calves of
less than one year of age,

deficiencies (20.8%).pneumonia (18.1%) nutritionaland
three dairy inmade farms thestudy wasRecent1y ona

of Tanzania (Shoo et al . , 1992). They hadeastern zone
’cause specific mortality rates’ ofcalculated dead322
various dairy without specifyingbreedsofcalves age

limits. Most common causes of death were diarrhoea (6%),
pneumonia (5%) and what they termed weak calf syndrome
(3%). In the latter ailment, calves were born weak, unable

significantsuckle butstand and lesionsto no were
observed They, however, admi tted thatnecropsy.on
aetiological agents responsible for pneumonia and diarrhoea

not determined. Tick-borne diseases, pneumonia andwere

greatest causes of death were

In an earlier study on the Uyole dairy
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enteritis were the most frequent diseases in the review of

reported laterAmong the causes of lossesVaccaro (1 974a ) .
anddiarrhoeaby Vaccaro and Vaccaro (1981), pneumonia,
foraccountedjoint by faulty housingi nfecti on caused

respective!y. Petersand 19.4% of the deaths,30.6, 27.1
(1986) conducted a study on influence of management system

disease incidences and the resulting deaths among 1996on
di arrhoea,Disease incidence rates for pneumonia,calves.

navelandwith diarrhoea, bloatpneumoni a combined
1.7, 0.6 and 0.6%, respectively.

(number of dead calves asCorresponding case death rates

diseasesrespi ratoryi11ustrated thatThe study16.7%.
followed by enteric diseases were the most common disease
conditions encountered on a calf unit.

2.2 Reproductive traits

Due to un-developed artificial insemination services and
recording systems, many important fertility traits have not
been widely studied in the tropics. With the minimum amount

least calving dates areof recording being practiced, at
reported which permit calculation of ages at first calving

i ntervals.and calving therefore,These the mostare,
commonly studied reproductive traits.

i nfecti on were 48.3, 14.1,

percent of affected calves) were 2.3, 13.9, 40.0, 16.7 and
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2.2.1 Age at first calving

first calving withMean in tropics variestheatage
location (Table 1 ). The means range from about 24 months
to more than 48 months with the majority between 30 and 36
months. Information Friesi ans appears widely studiedon
compared to other with almost i nformati onbreeds; onno
Guernseys.

Rege (1991) conducted at
f i rst calving of 8510 Friesian heifers in Kenya in which

of calving i ncluded i nherd, and theyear, season were
model. The three factors accounted for 7.0, 2.9 and 0.1%
of the total variation, respectively and were significant.

of calvingand included i nal soYear theseason were
analysis made by Madsen and Vinther (1975). The two factors
contributed 4.3 variation ofand 0.6% to the total this
trait, respectively. Again, both factors were significant

and 5% level of probability, respectively). Similar( at 1
findings on effects of period and reportedseason were
previously on the Uyole herd in Tanzania (Kifaro, 1984).

an analysis of variance on age
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Table 1: Mean ages at first calving for Friesians,

Guernseys in the tropicsAyrshires and

Author/sMeans(months)Breed Country

Friesian Ghana 30.7
Ghana 34.1
Kenya 34

35.1
and41.7

Malawi 37.7
>48

and28.7 Knudsen

MarplesandUganda 27.5

Zambia 30.7
Zambia 34.8

Ecuador 31.2
El-Salvador 32.2

38Peru
Peru(Lima) 30

36.8
24.5
40

Ayrshi re Kenya 36 and

EL-Salvador 32.4Guernsey al-et
(1985)

Fiji
Phi 1ipine
Sri Lanka

Kenya
Malawi

Mozambique
Nigeria

Agyemang

Nkhonjera(1986)

Gyawu et a_l.(1988) 
Osei et al. (1991) 
Kiwuwa (1974a) 
Rege (1991)

K i m e n y e
Russell (1975)
Reaves

(1970)
T rai 1

Vaccaro (1975)
Sohael

(1968)
Igboeli (1973b)
Mwenya and Shandomo
(1986)
Vaccaro (1974b)
Reaves et al.(1985)
Vaccaro (1974b)
Vaccaro (1974b)
McIntyre (1971)
Vaccaro (1975)
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2.2.2 Calving interval

Table 2 provides information on means of calving intervals
for temperate dairy breeds in the tropics. The means range
from 360 to as high as 537 days. Most reported means were
above 400 days.

Igboeli (1973b) classified 870 calving intervals from six
dairy farms in Zambia according to month of calving. The
longest calving intervals occured after calving in December

whereas the shortest calving intervals (with most calvings)

fi ndi ngsin September. Theseappeared andAugust
demonstrate the association between seasonal availability

cows ’ level andand quality of forages, balanceenergy

reproduction efficiency. Kifaro (1984) found significant

calvingprevious calvingofi nf1uence of onseason
in two dairy farms in Mbeya region, Tanzania.i ntervals

Season of calving contributed only 0.1% of total variation
in calving intervals of Kenya Friesians (Rege,

(but not significant) in various dairy1 991 ) and 0.2%
cattle crosses in Thailand (Madsen and Vinther, 1975).

Another important non-genetic factor investigated upon is
parity. The influence of this factor on calving interval

farm (Kifaro, 1984).varies with articlesIn some e.g.
Sadana and Basu ( 1983) and Al-Ani et al_. (1986), parity was
not an important source of variation while in others (like

(P< 0.01)
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Table 2: Mean calving intervals for Friesians and

Ayrshires in the tropics

Mean or range
Author/sof means (days)Breed Country

Gyawu et al.(1988)Friesian Ghana 469 ± 9
a)Friesian Ghana 488 ± 67

Friesian 425Kenya
Collins-Lusweti(1990)Friesian 393 423Kenya
Rege (1991)Friesian 412Kenya
Agyemang & NkhonjeraMalawiFriesian 498
(1986)
Vaccaro (1973)NigeriaFriesian 367
Vaccaro (1973)S. AfricaFriesian 383
T rai 1 and MarplesFriesian Uganda 401
(1968)
Igboeli (1973b)ZambiaFriesian 425 ± 3
Mwenya& Shandomo(1986)ZambiaFriesian 400 ± 2
Vaccaro (1973)Zimbabwe 406Friesian
Sadana and Basu (1983)India 421 ± 15Friesian
Mangurkar et al. (1987)443 ± 11Friesian India
Combe1 las al.Bolivia 470417 etFriesian
(1981)
Vaccaro (1974b)Friesian Ecuador 451

a) McDowell et al. (1975)MexicoFriesian 418 ± 61
a)Venezuela Vaccaro andFriesian 432 ± 97 Vaccaro

(1982)
Col 1ins-Lusweti (1990)Ayrshi re 458 - 460Kenya
BruhnAyrshi re Tanzania 434 - 537 and Mgheni
(1977)
Mhaiki (1980)Ayrshi re Tanzania 425 - 485

a) Standard deviations, the rest are standard errors

Osei et al. (1991)
Kiwuwa (1974a)
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1.7% (P< 0.01) of(1991) investigation age accounted for
secondtotal variation in calving

Calvingi mportant of herd.factor after effectmost
intervals after the second calving were found by Igboeli
( 1973b) and Al-Ani et al . ( 1986) to be longer than first or

analysis of onethird calving intervals. On the contrary,
(1983) for the period 1 975herd by Mchau al . 1971et

revealed that the first calving interval was longest (399
days) and that it decreased with age to fourth and above
calvings (375 days).

service is practiced and bulls run with cowsWhere natural
yearly variations in calving interval couldal 1 the time,

feedingassociated with vari ati ons used,be
regime and nutritional status among cows. Calving interval
has been shown by Madsen and Vinther (1975), Kifaro (1984)
and Rege (1991) to be significantly influenced by year of
calving.

2.3 Lactation performance traits

2.3.1 Milk yield

countries have imported various temperateMany tropical
in order to increase milk production.breeds Reports on

Madsen and Vinther, 1975) it was very important. In Rege’s

among bulls

intervals and was the
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performance of these cattle have been based on either total
mi 1 kAnnuali zed305-day milk yield.1actati on yield or

combines milk production andproduction (an index which
calving interval) has rarely been used (e.g. Agyemang and

The term 305-day milk yieldNkhonjera,1986; 1991).Rege,
is the amount of milk produced in the first ten months of

1actation1actati on which i s considered the standard
i sin monthsMi Ik yield 1 ess than1ength. produced 10

supposed to be considered a 305-day yield. Unfortunately
i nomitted data1actati ons often beensuch short have

analyses.

variation inoftremendousThere has been amounta
performance, both between breeds and within breeds between
locations (Table 3). Average milk yields have ranged from
slightly above 1500 to above 4500 kg. This large variation
in performance of the same breed between locations can be
ascribed to large differences in nutrition and management
practices. The Friesian herd reported by Martinez et al .
(1982), for example, averaged 4291 kg, a production level
which was thought to have been attained due to zero grazing

based forages highandmanagement levelscut ofon
concentrates.

The sources of variation influencing milk yields include
month/season of calving, breed, parity or age andyear,
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Table 3:

Author/sBreed Country

Friesian
al.et4683 ± 149Ghana 305-D

al_.et2499 ± 148Ghana 305-D

Malawi 2071AMY

2077-2846Tanzania LMY

et

Uganda 2952305-D

Zimbabwe 4247LMY

India 305-D 2270-6406

Honduras 3371 ± 37 al.LMY et
Mexico LMY 4878 ± 1612

Venezuela 305-D 4041 - 4564

Tanzania
Tanzania
Tanzania

Reported mean milk yields for Friesian, 
Ayrshire and Guernsey breeds in the tropics and 
sub-tropics

Kenya 
Kenya 
Malawi

Zambia
Zambia

Kenya
Kenya

Peru 
Venezuela

LMY 
305-D

LMY
LMY
LMY

LMY
LMY

LMY
LMY

LMY
LMY

Mean/range of 
means (kg)

3577
2984
2366

3789
1236-2376
2286 ± 35

3400
3863 ± 41

1258 - 1757
1582 - 4672

305-D
AMY
LMY

Brazil 
Ecuador 
El-Salvador LMY

3785-3959
3888
3173

Record 
type1’

2923
2724 ± 14

Gyawu 
(1988) 
Osei 
(1991) 
Kiwuwa (1974a) 
Rege and Mosi 
(1989)
Rege (1991) 
Rege (1991) 
Agyemang and 
Nkhonjera(1986) 
Agyemang and 
Nkhonjera (1986)
Bruhn and Mgheni 
(1977)
Lauridsen (1979) 
Mhaiki (1980) 
Mchau et al. 
(1983)
Trail and
Marples (1968) 
Igboeli (1973a) 
Mwenya and 
Shandomo (1986) 
Col 1ins-Lusweti 
(1990)
Mangurkar et al. 
(1987)
Vaccaro (1974b) 
Vaccaro (1974b) 
Reaves et al. 
(1985) 
Mejia 
(1982)
McDowel1 et al.
(1975)
Vaccaro (1974b) 
Ccmbel las et a_l. 
(1981)
Martinez et al.
(1982)
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Table 3 contd.

Ayrshi re
Kenya LMY 1912 2463
Kenya 305-D 2727
Tanzania LMY 1512 3646
Tanzania 1739 - 2330LMY

Guernsey
El-Salvador LMY et al.2737

1 305-D = 305-day milk yieldLMY= Lactation milk yield
AMY = Annualized milk yield

herd differences. Variations among herds could be genetic
envi ronmental but 1atter contri butesthe Inmost.or a

recent study in Kenya, Rege (1991) reported a significant
herd effect on 305-day and annualized milk yields.
earlier article (Rege and Mosi, 1989) herd accounted for
almost 40% of total variation in 305-day milk yield.

Several authors have shown that milk yield increases with
parity or age. Yield increases are associated with increase
in (more capacitysi zebody of eat) milkto andcows
secretory cells in udders. Reports by Osei et al.(1991) and
Rege and Mosi (1989) recorded increases of 48.0 and 38.2%
between first lactation (1984 kg) and third lactation (2936
kg) and between first parity (2319 kg) and fifth parity

Reaves
(1985)

Col 1 ins-Lusweti 
(1990)
Kimenye and
Russell (1975)
Bruhn and Mgheni 
(1977)
Mhaiki (1980)

In an
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(3205 kg), respectively.

Kiwuwa (1974b) analysed records on Kenya Friesians for the
period 1954-65 and found no marked yearly changes in milk
yields. Reasons advanced for this finding was that there

si ressuperiorhad selection, ofbeen noruseno
Phenotypic andi mprovement in overal1 management.

environmental milk production trends evaluated by Rege and
Kenya indicated that 305-day milk yieldsMosi (1989) in

1984 and this was attributed to1976 and
including the settingstabi1i zed ofmanagement up more

(1982)Martinez al .systematic breeding etprogrammes.
revealed that year of calving significantly affected milk

Between 1967 and 1971 milk yieldproduction in Venezuela.
increased but diminished thereafter.

Influence of season of calving on milk yield varies from
Kiwuwa ( 1974b); Al-Ani et al.(1986 )location to location.

and Rege (1991) could not detect any significance of this
lactation milk yield but Martinez et al.(1982)factor on

did on 305-day milk yields and Rege (1991) on annualized
milk production. It appears that the bigger the variation
between the best and the worst season in terms of feeding

1i keli hood1evels, the 1arger the detectto real
differences.

went up between
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2.3.2 Lactation length

The duration of lactation is closely associated with milk
and1986 )production ( ; Mwenya and Shandomo,0.541r=

Ideal 1y,could partly be
lactate for about 305-320is supposed to calve annually,

Lactationdays and dry off for about 45-60 days. ceases
it is depressed by newbecause

ferti1i zati onnoti ceable afterfrom about days150
1974)(depending on parity and stage of lactation; Auran,

In view ofpoor milk producer.because the cowor
lactation lengths vary with herd production level andthat,

In a herd studied by Martinezlength of calving interval.
calving toet al.(1982 ), herd kg,the 4371average was

conception interval was 5 months and lactation length was
1actati on(1974b) reporteddays. Vaccaro325 average

lengths of less than 290 days from a number of herds in
Brazil and Ecuador. Mean lactation lengths among parities
recorded by Lauridsen (1979) for imported cows of Kitulo

inTanzania ranged from various382 daysherd, 305 to
Friesian in Malawiparities. herds hadTwo average

1actati on 1engths of (Agyemangand days321 290 and
1986 ) .Nkhonjera,

Kiwuwa (1974a,b) reported that lactation lengths were
slightly shorter in younger than in older cows. The lengths

a measure of persistency.

pregnancy whose effect is

a cow

i s a
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for the first three lactations were 274, 282 and 286 days,
respectively. Quite the opposite was reported by Martinez
et al. (1982) and Ki faro (1984). The latter author observed
lactation lengths to decrease from 308 to 274 days between
first and fourth lactation.

In Kenya lactation lengths after the two wet seasons were
days shorter than after calving in9.8 and the dry11.8

season ( Kiwuwa,1974b). The explanation for this finding was
that cows calving during the rainy months had their 1 ast
phase of their lactation (7 9 months later) in the dry
season. Shortage of feed during this period depressed milk
production and the cows dried off earlier. The opposite was
the case for dry season calving cows.

2.2.3 Dry period

If calving interval is kept constant, good milk producers
will tend to lactate for a longer time and have short dry
periods; the converse is also valid. Long dry periods allow
cows to recoup and replenish body reserves ready for next
lactation. McDowell et al. (1975); Sadana and Basu (1983);
Al-Ani et al.(1986) and Mangurkar et al. (1987) reported
mean dry periods of 72 ± 39, 85 ± 13, 130 ± 11 and 85 ± 8

respecti vely.days, Further, Bruhn and Mgheni (1977)
recorded dry periods ranging from 32 to 209 among Friesians
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Tanzania.in Ayrshires at Morogoro,and from 189 to 248

reported mean dry periodsAgyemang and Nkhonjera (1986)
from two Friesian herds in Malawi of 179 and 133 days.

Sadana and Basu (1983) analysed dry periods for effect of
Only parity was a significantbreed and lactation number.

of variation showing a clear trend of dry periodssource
lactations (to decrease during the first three 106123,

parity andrespective!y). Effects of farm,and days,61
calving season on dry periods were studied by Al-Ani et al.

total( 1986 ) . ofEach for 1 ess thanaccounted 1 .4%one
variation of this trait and none was significant.

2.4 Repeatability estimates

Repeatability of a character is estimated as the proportion
whi chobservations i svari anceof caused bythe among

animals (Pi rchner,1969 ).permanent differences Itamong
proporti on of the observed differencesi nd i cates the

i ndi vi dual records caused by differences in realbetween
ability. i s i ntra-classproduci ng calculatedIt as

correlation:

(1 )r

accordi ng genetic modelwhere the (Falconer,to 1981 ;

/<vt + V,)vb
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Becker, 1984)

= component of variance among individuals

all genetic variances plus permanent
variance peculiar to theenvi ronmental

i ndividual
= error component (within individuals)
= temporary environmental variance

Alternatively, it could be calculated as a product moment
correlation between measurements of the same animal made

(1981)di fferent times. further notedFalconer twoat
assumptions implicit in the idea of repeatability: a) the
variances of the different measurements are equal and have

b)proportions, thei n andthe i r thecomponents same
different measurements reflect what is genetically the same
trait.

1 .
2trait. Where it is not possible to estimate h ,

repeatabi1i ty provides an idea about the maximal
is never higher thanpossible size

(Pi rchner,repeatabi1i ty Falconer,1969; 1981 ; Becker,
1984).
If a trait is highly repeatable, a single measurement2.
wi 11 be accurate enough to predict future performance

vh

It sets the upper limit of heritability (h2) of a

since h2of h2

There are several uses of repeatability:
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and to estimate real producing ability of the
individual from past records;

is usually estimated from one record per individual.3.
the temporary

environmental variance is reduced by the reciprocal of
will be increased. The heritability
records is:

1 ) r] (2)n /[ 1 + (nx

heritability of a single record
repeatability of the traitr

Repeatability estimates for milk yield obtained by Mejia
Swi ss inFriesian(1982) and cattleet al . Brownon

respectively.0.05 and 0.48 ± 0.01 ,Honduras were 0.61 ±
McDowell et al.(1975) came up with an estimateIn Mexico,

of 0.45 for the same trait. Rege (1991) made estimates of
milk yield, annuali zed milkrepeatabi1i ty 305-dayfor

production and calving interval from a rather large body
of data and obtained values of 0.549 ± 0.049, 0.433 ± 0.045

respectively. The first two estimates
were considered high enough to justify culling on basis of

1actations.in early estimateperformance However, for
calving interval ( 0.253) was low suggesting that temporary
envi ronmental contri buted appreciablyfactors theto

h2

h2

0 
where h

hn2

of an average of n

and 0.253 ± 0.059,

With n records per individual

2n; consequently h
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variation of this trait. Lindstrom and SolbuEarlier on,
(1978) arrived at an estimate of repeatability for 305-day
milk yield thisFri esi ansof for and0.24 Kenya was
considered to be too low for efficient culling.

2.5 Milk Composition

Introduction2.5.1

Milk is essentially an emulsion of fat in a watery solution
col 1oi dalprotein i nmi neral wi thof and sal tssugar

suspension. The major solid constituents of milk are fat,
protein and carbohydrates (O’Mahony and Peters, 1987). Milk

is mixture of trig1ycerides containing saturated andfat
acids (e.g. oleic, 1i nolei cun-saturated fatty and

1i noleni c) minor lipidwith several components such as
phospholi pi ds, carotenoi dssterols, and the fat soluble
vitamins A,D,E and K ( O’Mahony and Peters, 1987; McDonald
et aj.., 1988). About 80% of milk protein is casein and the
remaining 20% is made up of whey proteins. Lactose is the
major carbohydrate fraction in milk; a disaccharide which
is found only in mammalian milk.

The contribution of milk fat in the total milk energy was
Davidsonrecogni zed Gai nes (1923;andby cited by
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CAB,1980). They derived the formula:

(3)M( 0.4+0.15 F)FCM
"fat correctedwhere FCM = milk yield in terms of
kg of milk with 4%milk," the unit being 1

fat
M = milk yield (kg)

fat concentration in %F

var i ous other dairy manufactured. Inproducts manyare
countries fat percent is tested when milk is passed from
the producer to the dairy factory (Eckles et al . , 1973) and

received major economic emphasis in pricing of milkhas
From dairy cattle breeding1983).(Laben, 1 963; Leaver,

i ncluded inpoint of view fat percent routinehas been
i n selection i ndi ces.subsequent!ymonthly andtests

Recently protein content has been included. In Norway, for
protein criterionhas used inexample, beencontent as

progeny testing of Al bulls since 1974 (Skjervold, 1982)
and the term "fat and protein corrected milk" has been used
whereby protein has been given double the weighting of fat.

(4)FPCM = 0.22 M + 7.5 F + 15 P

where FPCM = fat and protein corrected milk

Milk is used for food as well as a raw material from which
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kg milk yieldM
kg fatF
kg proteinP

Laben (1963) milkenumerated for research onreasons
a) It helps to determine amount and causes ofcomponents:

determi nevari ati on b) i tin hel psthe tocomponents,
it enables toif desired,whether changes can be made, c )

recommend procedures of management or breeding or both that
efficiently,bring desi red changes d)about mostcan

providestudies envi ronmental i nf1uences data foron
accounting for their variations before attempting genetic

it provides to possibleand fi nal1y e)stud i es, clues
useful feeding and management controls on milk composition.

Determination of various milk components is being done in
Butter fat (BF) has in most studies beena number of ways.

determined by Gerber butyrometers (Bayoumi and Khalifa,
O’Donovan et al.1960;1 966; Ryoba and

1985) or the Babcock method (Gacula et al.1968;Hansen,
Johnson et al.1961). The gravimetric method (IOS, 1984) is

the referenceknown method. protein,For theas
conventional method has been the Kjeldahl procedure (IDF,
1986); but the conversion factors of nitrogen into crude
protein has been 6.38 (IDF, 1986; Waite et al■1956 ) or 6.35
(Boekel and Ribadeau-Dumas, 1987) instead of 6.25. Other

Waite et al.1956;
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methods of protein determination include the orange G dye
( e. g . by Gacula et al■,1968)
with buffalo black (Sargent, 1967) or with amido black.

Milk solids has been determined by thetotal 1actometer
method (Bayoumi and Khalifa,1966; Khalifa,1966; Sargent et

Ryoba and Hansen,1985). Ryoba and Hansen (1985)al.1967;
fol lowing fat andused the formula to convert percent

lactometer reading into percent total solids (TS):

lactometer reading x 0.25 +%fat x 0.72% TS 1.22 +
(5)

Alternatively, the gravimetric method can be used which is
(DM) determination (Johnson etequivalent to dry matter

WaiteO’Donovan al.1956 ) .al . ;al.,1961; 1 960;et et
Solids-not-fat is calculated as difference between percent
total solids and percent fat (e.g. O’Donovan et al. 1960).

2.5.2 Sources of variation in milk components

in milk compositionVariations largely quantitativeare
rather than qualitative in nature, that is, milk from every
source regardless of breed or species will contain the same
cl asses of constituents ( Eckles et al.,1973). Within breed

milkvariation inand 1ocati on, composition becan

or the dye binding methods



36

stage of lactation, cow to cowassociated with age of cow,

variations, season of calving, year, types of feed fed and

level of feeding. Table 4 illustrates differences in milk

Milk constituents of Friesians from the tropics and sub­Table 4:
tropics

Author/sCountry

ZimbabweBF 3.59
BF Kenya
BF

4.20BF
Tanzania3.80BF
Tanzania4.09±0.88BF
Saudi Arabia3.2811.10BF
Venezuela3.2210.01BF
Venezuela3.1310.01BF
Brazi13.80BF
Brazi13.47BF
Ecuador3.34BF
Eucador3.44BF
Venezuela3.1310.01CP
Saudi Arabia3.7310.83CP
Tanzania12.68TS &

Saudi Arabia12.3111.25TS
Venezuela8.4010.01SNF

* Lactation average and standard deviation

Reported 
value

3.81
3.6810.47* Kenya

Tanzania

Milk 
components)

Col 1ins-Lusweti (1990) 

Col 1ins-Lusweti (1990) 

Rege (1991) 

Mhaiki (1980) 

Mhaiki (1980)

Ryoba & Hansen(1985) 
Sharaby (1988)
Calles et al. 1987) 
Calles et al. (1987) 
Vaccaro (1974b) 
Vaccaro (1974b) 
Vaccaro (1974b) 
Vaccaro (1974b)
Calles et al. (1987) 
Sharaby (1988),
Ryoba & Hansen 
(1985)
Sharaby (1988) 
Calles et al. (1987)
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Whatdifferent infrom the

i sTable 4

rarely TS,
information on ash content. In the study by Ryoba andno

Hansen (1985) BF percentages from single test-days ranged
while Rege (1991) reported standardfrom 1 .8 a

deviation of BF to be 0.47 implying that about 95% of the
4.62% ( two standard1 i edBF values between 2.74 and ±

dev i ati ons). protein and TS yieldsBF,
Friesians reported by Sharaby (1988) averaged 0.215, 0.239
and 0.814 kg, respectively.

Most common text books on milk production ( e.g. Eckles et
al.. 1 973; McDonald et al.1988: Schmidt and Van Vleck, 1974)

that while milk production increases duringdemonstrate
early stages of lactation, concentration of milk components

protein decreases. i sTheparticularly fat and converse
true towards the end of the lactation. Gilmore et al.(1961)

1actati onofi nf1uence ofstudied the stage on
concentration of protein and SNF in milk. Percentages of
these components declined rapidly to lowest values 45-75
days after calving and then increased to end of lactation.

protein and SNF% were observed by Von Krosigk et al.BF,
et al.(1991 )(1960) be lowest duringto the

second month of lactation and thereafter increased steadily
lactation terminated.unti 1 Johnson et al.(1961) revealed

places
two things:

composition from different places in the tropics, 
transpires from Table 4 are two things: first, there 
scanty information on milk components. Secondly, mainly BF 
is studied, rarely TS, protein or SNF and there is almost

to 6.4%,

on test-days for

and Yadav
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SNF%,that andvariations in BF%and of62 78% the

respectively were accounted for by stage of lactation (both

P <
lowest (3.32%) in the third month of lactation, SNF% was

sixth1 east in highest in the(8.38%)second month and
in f i rst month(8.98%) highestmonth whereas TS% was

(12.38%) ( 1 1 .75%) . thein thi rd month On1 eastand
Sharaby (1988) found no significant effect ofcontrary,

stage of lactation on concentrations of milk components but
0.01 ),(Pi nf1uence yieldssi gni f i cant of fat <ona

protein and TS ( P < 0.05). Protein percent remained almost
et aj.( 1956)Only Waite1actati on.throughoutconstant

fellin Ashstud i ed vari ations ash contentcontent.
slightly during the first 45 days and thereafter remained
virtually constant.

Waite et al.(1956) studied the influence of age on BF, SNF
and protein concentrations. All these components decreased

highest in firstwith parity. BF,
respectively) and leastand 3.36%,1actation (4.11, 9.01

(3.90, 3.26%). Similarly,1actation andin fifth 8.72
Col 1ins-Lusweti ( 1990) recorded highest BF% of 3.68 in the
first lactation and lowest (3.38%) in fifth lactation of

Kiwuwa et al■(1983) workingFriesian in Ethiopiacows.
significant effect of parityrevealed BF% thoughno on

there was a slight decrease as cows became older. Sargent

0.01). BF% was highest in the first month (3.82%) and

SNF and protein were
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al.. ( 1 967 ) and proteinet percentregressed BF age.on

Analysi s 1i nearfor BF% showed that the term was
1.8%

of the variance, whereas for protein both linear (P<0.01)
and quadratic (P<0.05) terms were significant accounting

respectively of protein variation.for 4.9 Theand 0.4%,
partial regression coefficients were negative indicating

decrease in protein and BF% with increase in age. Johnson
withworkingal.(1987),al.(1961) and Cal leset et

Friesi ans, found BF% to increase with parturition number
In the article of Calles et al.( 1987 )while SNF% decreased.

SNF% decreased from 8.63 in first parity to 8.44% in fourth
parity. Protein percent increased significantly with age.

yields mi 1 kof(1988) studied andcontentsSharaby
they were affected by parity. Effects ofcomponents as

significant proteinfor andparity BFnotwere
concentrations, moderately significant (P<0.10) for TS% and
highly significant (P<0.01) for BF, TS and protein yields

results.

Laben (1963); Gacula et al (1968) andWaite et al (1956);
indicated that influence of season( 1973) have ofGaunt

calving on concentration and yields of milk components tend
to vary from place to place depicting differences in types

herdof feed fed, management systems ambientand

on test-days. No obvious trends could be discerned in his

significant (P < 0.01) though it accounted for only
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temperatures. Generally constituent percentages follow the
opposite course of yields. Type of feed fed is associated
with energy concentration in the diet and type of volatile
fatty acids (VFA) (Laben, 1963) . In temperateproduced
countries, for example, it has long been known that in fall

higher fatandand early winter
1974) .(Schmidt and Van Vleck,yields than other seasons

In winter farmers feed and take more care of their cattle.
i smilk production 1 owerthe contrary,In summer, on

because of under-nutrition and high temperatures especially
Cal lesVenezuela, eti s mai n feed.if the Inpasture

and found that bothal.(1987) analyzed BF and SNF% were
respectively) affectedsignificantly ( P<0.05 and PC0.01,

non-si gni fi cantet al.(1983) reportedKiwuwa aseason.
effect of season of calving on BF% but Johnson et al.(1961 )
found that month of calving was significant and accounted
for 27 and 11% of the variation of BF and SNF percentages,

i nf1uence proteinandSeasonal TSrespectively. BF,on
percentages and yields was also studied by Sharaby (1988)
and revealed to be an important source of variation. Only
Waite et al.(1956) studied effect of season on ash content
of milk and found it to be of negligible importance.

Kiwuwa et al.(1983) and Rege (1991 ) working in Ethiopia and
Kenya , respectively revealed significant effect of year

by season of calving. BF and SNF% were highest in the dry

cows produce more milk
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year to significantly influence variations of BF%, protein
showedet al.(1961)and SNF. Another study Johnsonby

significant indifferences and SNFBFbetween years
content. Despite demonstrating that some years had low fat
tests, there was a trend of increase in fat content between

attributed to selection doneThis was to1938 and 1954.
SNF content was not a criterion forincrease fat content.

errati c.se1ecti on In yetconsequently year
another study on effect of year on milk component yields

thereand were no
significant differences between years in SNF yield and BF%.
Yields of TS, BF and protein increased with years and this

thought to be due to improvements in genetic makeup,was

This was partly associated with increase in yield of milk.
There was no apparent trend for BF%.

With the increasing importance of milk constituents, many
i nf1uencesundertaken evaluatestudies have been ofto

type of feed and roughage:concentrate ratioenergy 1evel,
variation of milk components especially BF%, TS% andon

protei n rati onsEffects ofpercent. relativeon
of various volatile fatty acidsconcentrations rumen as

precursors of milk fat have been elucidated. There has been

concentrations (Gacula et al.,1968),

of calving on BF%. Further, Calles et al.(1987) also found

nutrition and management of animals. There was a downward
trend for protein, TS and SNF percentages over the years.

effect was
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Schmidt and Vangeneral consensus (Eckles et al.,1973;a

1imi tednutrition hasVleck,1974; Gaunt, 1973 ) that
ifinfluence on BF, Further,SNF and protein percentages.

in nature and havechanges occur, they are temporary no
mi 1 kfeedingpractical significance. ofEffects on

composition can therefore be summarized as follows:
a) Feeding cows with saturated fats such as linseed, cotton

tends to increase supply of long

(Schmidt and Van VIeck,1 9 74; Leaver,1983; Eckles et al . ,
of1973). The opposite is true for unsaturated fat e.g.

fish meal;
low roughage diets including grain,b) High concentrate,
pelleted forages and general highheat treated feeds,

increase in milkof feeding is associated with1 eve 1
and fat yield but reduces fat content. SNF%
especially protein percent is said to be slightly
increased by increased intensity of feeding

Jorgensen and Schultz,Laben,(Gaunt, 1 963;1973;
Bishop et al.,1963 ). TheseJohansson, 1 961 ;1963;

rations are said to depress
hydroxybutyric acid used for milk fat synthesis and
instead increase propionic acid.

c) Level of feeding has marginal effect on contents of
1974; Leaver,

1983).

chain fatty acids and ultimately fat content of milk

rumen acetic acid and 13-

seed cake, tallow,

ash and lactose (Schmidt and Van Vleck,
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d) As discussed earlier, seasonal variations in milk

yield and composition is
fed especially the fibre content (physical form of
feed) and roughage:concentrate ratios (Johansson,
1961).

2.5.3 Association among milk components and with milk
yield

i s i nter-It
related and to what extent the correlations are genetic or
environmental so that the right type of selection criteria
are set. Most studies however, have concentrated on genetic

mi 1 k (e. g. Butchercorrelati ons etcomponentsamong
Von Krosigk et al.,1960) and triedal.,1967; Gaunt,1973;

selection thei rcorrelated fromestimateto responses
heritability and phenotypic standard deviations. Maijala
and Hanna (1974) reviewed reliable phenotypic correlations
among milk components and with milk yield. They calculated
weighed means of reported correlations and found them to

milk yield and BF yield=0.86; milk yield and proteinbe:
mi Ik yield and milk yieldyi eld=0.95; BF%= -0.21; and

protein %= -0.26. Correlation between BF and protein yield
was high (0.93) and their percentages had a correlation of

associations betweenGeneral 1y,0.49. percentages and
yields of these components were low ( -0.02 to 0.23).

a reflection of type of feed

important to know how milk components are
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recent study by Chauhan and Heyes (1991) basedIn

on first lactation records of Friesian cows, they reported
(abovehigh phenotypic yield traitscorrelati ons among

yieldmilk and0.73), negative correlati ons between
(-0.31protei n and -0.39,ofpercentages andBF

respectively). Correlations among yields and percentages
of milk constituents were low (-0.09 to 0.38). Correlation

Calles et al_j_( 1987 )and protein %between BF% 0.56.was
andcorre 1 ati on between SNF%.obtai ned of BF%0.26a

Negative correlations between milk yield and BF%, protein
percent and TS% reported by Sharaby (1988) were -0.15,

Correlations betweenrespecti vely.and -0.26,-0.40
percentages of TS and protein and BF were 0.51 and 0.81,
respectively. Generally correlations between milk yield and

ranging from 0.73 to 0.97.yields of components were high,

Day-to-day variation of milk yield and constituents2.6

2.6.1 General overview

developing countries, including Tanzania, dai ryIn many
organi zedeither poorlyi s hasrecord i ng beennotor

of the problems facing dairyestabli shed al 1 . Someat
recording is to justify expenditure on labour involved in

visvis i t.record!ng ofout ofreturns Amountsa
calculations are quite substantial and resulting errors in

a more
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becompiling records by using pocket calculators cannot

underrated.

Lindstrom (1976a) outlined problems of setting and running
a milk recording scheme in developing countries to be:

lack of well qualified extension workers and
recorders;

few incentives for farms to record their cows;
poor communication;
need for progeny testing and other breeding programmes
not recognized;

- poor data collection and processing;

daily recording of milk yield of
i ndividual

the most accurate methodof course,
of estimating lactation milk yield (McDaniel, 1969). Of
late, many dairy farms have adopted twice or thrice a month

Everett et al_.( 1968) and McDaniel (1969)mi 1k record!ng.
estimateevi dence that the of ofhave shown accuracy

day yields whose variation determines the reliability and
accuracy of lactation records (Erb et al.,1952; Syrstad,
1977). McDaniel (1969) studied 60 research reports dealing

cows has been and is still being practiced in
As a matter of routine,

small average herd size;

test periods. Such estimates are based on individual test-

some farms. This is,

lactation yield was dependent upon length and number of
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with estimation of lactation yields from samples taken at
various i ntervals. comparisons betweenResults from
estimated lactation yields from monthly tests for a 24-hour
period wi th yields i ndi catedactual thethat average

ignoring sign, appeared to be 2.7% forpercentage error,
milk yield. It was somewhat higher for fat yields (5.0%)

(3.5%). distributionand Actual ofpercentages errors

least 90% of milk yield estimates from ashowed that at

production.

Syrstad (1977) noted that a large variation in production
from day to day may bring doubt on validity of using test­

basis calculati ng nutritionalforday results as
ordinary monthly testsrequirements of Whencows. are

compared to surprise tests for verification, the random
day-to-day variation has to be taken into account.

2.6.2 Causes of day-to-day variations

Reasons for milk yield and its components to vary from day
to day have been elucidated by a number of scientists (e.g.

Everett et al.,1968;Erb et al.,1952; Eckles et al.,1973:
Schmidt and Van Vleck 1974; Rook et al., 1992). According

it is known by most dairymen thatto Erb et al.( 1952), a
certain amount of daily variation in milk yield is there

single day’s yield once a month were within ± 5% of true
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but- the magnitude of these variations depend on management
procedures, normal physiological changes in the

Dai 1 yanatomi cal defects injuries udder.ofand the
vari ati on in yield and composition i s relatedal so to
completeness of evacuation of milk from the udder (Schmidt
and et al.,1952;VIeck, ErbVan Johansson, 1961 ;1 974;
Syrstad, 1977). When large amounts of residual milk (which

15% fat) i s in the udder, theleftas 8
fat content and moreevacuated milk will have sub-normal

milk and of higher fat content will be obtained at the next
milking. Schmidt and Van Vleck. (1974) listed other causes
of daily variation to be diseases, underfeeding, being off-
feed and oestrus or excitement.

mi 1 kdetermi nes the of andi nterval amountMi Iking
concentration of milk components at the next milking. It

12-hour milking i nterval , littlewithi s thatknown a
is found although to havevariation

somewhat higher fat tests in the morning milk (Eckles et
However, Syrstad (1977) recorded 0.6 andal-,1973). 0.1

percentage units lower fat and protein, respectively in the
morning than in the afternoon milk. Gilbert et al. (1973)
also recorded higher evening fat and protein tests (by 0.3
and 0.09%, respectively) than morning tests from a 12-hours
milking interval study. However, evening milk yield was
lower than morning milk yield by 0.65 kg. Johansson (1961)

cow and

has as high

some cows may tend
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further noted of protein and ashthat the contents were
practical 1y unaffected vari ati ons in udderby normal
evacuation and these stable fromcomponents were more
milking to milking and day to day.

milkal.(1968) vari ati on dai 1 yEverett analysed ofet
yields in dai ry deviationsfour forbreeds. Standard
Friesian, Ayrshi re, Jersey and Brown Swiss were 1.11, 0.84,
0.92 and 0.94, respectively, suggesting that Friesians were
most variable and Ayrshires were least. Jerseys being low
producers were expected to be least variable but this was

Evidence aj_. ( 1968)the from Everett andnot etcase.
Syrstad (1977) has shown that the higher the production
level of the herd the higher the day-to-day variation. This

in agreement with findings ofbe Everettto etappears
aj_.( 1968) in which mature cows (producing more milk) had
a larger daily variation than two-yeat—old cows.

Estimation of daily variations and errors in2.6.3
lactation records

have been employed estimateSeveral methods dailyto
yieldmi 1 kvari ati ons of and components. Everett et

al.(1968) have insisted that in order to obtain an estimate
of daily variation in milk production it is important to
determine the variance of the random component of daily
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production. In studies conducted by Everett et al.( 1968),
Smith and Plowman (1968) and later by Syrstad (1977) and
Mchau et aj_.( 1983), the standard deviations of daily milk
records (in consecutive days) taken as estimates ofwere
the variancerandom ofof monthly records. Theerror
estimated lactation record was then taken to be a function
of variance of daily milk yield, length of testaverage
period (in days) and total number of test periods. Thus by
notati on:

V( Y. (6)M

the variance of estimated lactationwhere V(Y.
cow

number of test periods
length of each test period

= variance of daily production of the same
cow

i s often assumed that for a normal 305-day lactationIt
period all test periods are of equal length of 30.5 days

The variance of(1 0 test periods). lactation yield then
becomes:

2) = 10 ( 30.5) (7)

2 
ij

■k}

Ni

V (Y..k

N,

6d2

record of the kth

•k)

=



50
and the standard error becomes:

(8)x 30.5 X / 10S (Y.

The 10 and 30.5 can be substituted by 5 and 61 respectively
if testing is done bimonthly.

(1actati on recordsofThe standard waserror
calculated by Syrstad ( 1977 ) and Mchau et al .( 1983) to be:

(9)kg x 305/ /10

The expected standard error of lactation fat percentage was
estimated as:

(10)/ /10units

estimatedmi Ik yield by Everett etforvaluesThe
et al.(1983)(1977) Mchauandal.(1968), Syrstad were

Correspond!ng standard1.566 and 1.5.respectively 1.23,
of 305-day lactation yields were calculated to beerrors

151 and 145 kg and they represented 2.0, 2.7 and 5.0%119,
of their respective herd averages.

reviewed (1977)by Syrstadmethodsecond thatThe was
variation within cows across days was estimated as:

6d

6d

6d

se)

6o•k>

se

se
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(11)/ 2n

= variation between consecutive dayswhere
difference between records of twod
consecutive days
number of such differencesn

thisdevi ati ons methodThe bystandard computed were
smaller compared to those calculated by the former formula.

Lee (1988) examined correlations between adjacent test days
for fat percent, fat and milk yields. The objective was to

into day-to-day and test-day to test-day variations1 ook
Product moment correlations for milkin these variables.

yield and fat percent were computed and relevant results
It can be concluded from Tableare summarized in Table 5.

originalCorre1 ati ons between anda) retestthat:5
(consecutive days) were higher than correlations between

between original andand test nextretest next testor
applicableThisapart).month both(about towasone

variables, b) Correlations were higher for milk yield than
for fat percent.

z d"S2

S2
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Table 5: Correlations between original test-day, next day retest

and next regular test day fat percent and milk yield

Breed Milk yield Fat percent

( d.f.) Next testRetest Next test Retest

Friesian Original 0.71 0.520.96 0.84

(15 591 ) Retest 0.540.85

Ayrshi re Original 0.470.96 0.84 0.74

(3020 ) Retest 0.85 0.51

Source: Lee (1988)

2.7 Part and cumulative lactation yields

Importance and use of part lactation records2.7.1

Part (partial) or incomplete records are milk records made

test-day or monthly total milk production. Successive parts
of the lactation can be summed up to get cumulative part
yields of various durations. fal 1 into two
categories: a) those that are obtained from cows that have

thei r 1actati on (recordscompleted sti 11not yet i n
progress) b) those that are terminated by either ceasing

sale ofto record, death the and whose fullcowor

Part records

during the course of lactation. The "part" can be a single
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One of the possible bias in estimating breeding values of
records. Ignoringsires is the selective use of daughters’

records that have been terminated by death or sale in sire
proofing will tend to overestimate sires’ genetic potential

Extension of partprecision because few records are used.
cumulative part records has been a subject of researchor

since the 19o0s and 1960s ( see reviews by R<t;nn i ngen, 1967 ;
and others).Miller et al . , 19761 972 ; Auran,

McGilliard ( 1960) and Auran ( 1976.) have summarized reasons
for estimating 305-day yield from part lactations to be:

certain date irrespective of calving date. Th i s
facilitates ranking of cows to be made without
consideration of stage of lactation,

b)
i i ,

included in progeny groups,

time needed to prove sires by several months (Lamb
1960) and thus reduce generationand McGi11i ard,

i nterval.

i sextrapolation recordsThe of basedpart theon

a) Breeding values of all cows may be estimated at a

lactation record will never be known.

( Lamb and McGi 1 1 i ard , 1960; Fritz et al.,1960 ) and decrease

c) Projection of records in progress will reduce the

i, Bias due to culling of poor milkers is avoided,

Lamb and

Precision is increased because more records are



54
relationship between part-1actation or test-day record and
total lactation yield. Different methods of utilizing these
relationships have been suggested. Mi 1 1 er et aj.. ( 1972) and

ofthe most precise methodAu ran (1 976 ) have shown that
estimating total production from part yield is by multiple

(1972)Miller et comparedmethod. al..regression mean
in projecting 1actati onabso1ute from parttotalerrors

yield multiplerati o, simple regressi onusi ng and
regression methods. They found that the multiple regression
method gave minimum errors. The second best method was the
simple regression method which took into consideration the

and the regression of the unknownknown milk production
Th i s furthertest-day record.the 1 astpart wason

elaborated by Auran (1976) who observed that the regression
the 1 ast test-day recordof gave

multiple regressi on.precisionthe Fornear1y assame
simplicity, the ratio of total lactation production to part

(multiplicative factors) been1actati on has used to be
production estimatemu 1ti pli ed with actual totalto

(Lamb and McGilliard, Renningen,p roducti on 1 960, 1 967 ;
is by far the simplest and easiest toThis method1967 ) .

Alternatively, simple linearunderstand,
regression equations for total production on test-day or
cumulative part record can be used for prediction (Fritz

Sharmaal . , al . ,1976; 1983).et 1960; Auran, et The
relative merits of the two procedures (ratio versus simple

derive and use.

the remaining part on
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regression) were reviewed by Lamb and McGilliard (1960),
Syrstad (1964), Renningen (1967), and Miller et al.. ( 1972)
and summarized as follows:

Multiplicative (ratio) factors may underestimate total
production of low producing cows and overestimate
total production of high producing cows since this
method does not take into account the incomplete
repeatability of the parts of lactation. The
regression method,
i ncompleteness.

The variation in total production estimated by ratio
be more nearly like the variationfactors seem to in

total production whereas total productionactual

Elaborating on this Lamb and McGilliardproduction.
( 1960) remarked that the ranking of cows and sires by
the two methods will not change but the ratio method

merely spread out records while the regressionwi 11
method will group them more closely thus making
selection decisions more difficult.

The use of regression method will underestimate the
differences between groups of animals differing for
other reasons than sampling variance.

however, accounts for this

estimated by regression is less variable than actual
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ihe regression method gives the best agreement between
estimated and actual production of individual animals.

R(j)nni ngen haveLamb McGi11i ard (1967)and and(1 960 )

records. The latter have been
that they utilize all available test-day information. It

quitei s difficult records butal 1 month 1ystoreto
These authorspossible to store accumulated part yields.

have maintained that the use of part (test-day) records is
interest though they could be usedmainly of theoretical

when cumulative production records are not available.

2.7.2 Correlations of part and cumulative milk yields
and 305-day yield

Phenotypic correlations of part and cumulative milk yields
with 305-day yield have been calculated by quite a number
of authors in an attempt to assess the reliability of using
part records as selection criteria.

In those studies in which monthly or test-day milk yields
were used (e.g. Renningen,

1983; Mchau and Syrstad, 1991) three fundamentalet al.,
results were evident: a) Correlations between milk yields
in adjacent periods were higher than between those further

described the practicability of using part or cumulative

1976a; Sharma

recommended for the reason

1967; Lindstrom,
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apart, b) Part records in mid-1actation showed the highest
correlation with lactation yield, c) Genetic correlations
are higher than phenotypic corre1 ations.

Studies on association between cumulative part yields and
Fritztotal lactation have all (e.g. Sharma et al_., 1983;

correlational. - , I960; 1 976 ) revealed thatet Auran,
cumulativecoef f i ci ents 1argerbecome the partas

i ncreases.

2.8 Lifetime performance traits

2.8.1 Description and importance of lifetime performance

In dairying it is desirable that cows selected for high
milk production stay in the herd for a long time to produce

milk during their productive periods and leave moremore
calves of high genetic value (Gaalaas and Plowman, 1963 ) .

commercial meriti sherdli fe for the1 ongA a cow
1966) and it(Robertson and Barker, reduces annual herd

replacement costs and allows for greater selection among
( Gi 11 Allaire,thei r and 1976a; Gaalaas andprogeny

Plowman,1963). by Gillstudy and Al 1 ai reIn (1976a)a
herdlife accounted for 81.1 and 94.1% of variation in life
profit and lifetime milk production, respectively. These
increases were linear but milk per day of life and profit
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per day of life increased curvi1inearly.

Many terms have been used to describe longevity in dairy
cattle. i nVari ati on in definitions per se
different infindings. i s logical, therefore, thatIt
studies involving longevity has to define longevityone
(Hargrove et al. , 1969 ). In progeny testing, for example,

inconvenient measurement
as it takes many years for the last daughter of a bull to
die. It is more appropriate to work with the proportion of

that survive to various 1actati ons. Furthermore, ascows
pointed out by Sundaresan et al.(1954 ) ; Puri and Sharma

( 1 979)( 1 965 ) potentialand Syrstad oftruea measure
lifetime production in cows is seldom obtained for few cows
are kept till their natural death.

1i fespanLongev i ty totaland have been used i ntei—
changeably to denote the duration from birth to date of

(Wilcox et al.. , 1 966 ;d i sposal Kabuga, 1990) . Parker et
al.. ( 1960) further qualified the date of disposal to date
of last calving prior to disposal. Herdlife, stayability
and productive life have also been used synonymously to
mean number of days (or months) from first calving to date
of disposal (Strandberg,1992) or to end of last lactation

to last calving date (Gill(Kabuga,1990) and Allaire,or
1976a). studi es (Kabuga,1990;Other Gi 11 Allaire,and

length of productive life is an

has resulted
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Wh i te addition used1976a; inand Nichols, 1 965 ) have

Table 6 depicts some of the lifetime traits. Herd 1i fe i s

Igboeli,

1973a) and as days (3.1 Vaccaro,1121 years;

1i fetime1 974a). ofarticles average numberIn reviewed

calvi ngs f our.1actati ons d i d excedecompleted notor

Amount of lifetime milk yields have been determined by the

end point of the lifetime period. In the literature (Table

lifetime milk yield averages have not been lower than6 )

13 000 kg.

2.8.2 Association between early life and lifetime traits

In order to reduce generation interval in sire evaluation

f i rst 1actati on i s (Whiteoften usedthe andwork,
Allaire,Gi 11 and 1976b).Ni chols,1965; Hargrove et

a 1 . ( 1 9 6 9 ) argued that selection for herdlife is automatic

inretai n i ng the herdthrough good longer whocows
more offsprings.eventually leave et aj_.(1980)Honnette

advocated identification of indicators of longevity in the
first lactation. This is because it takes time to measure

herdli fe 1i fetimeei ther production. To be ableor to
successfully use the first lactation record, it should have
a high and positive relationship with later lactations and

number of lactations completed as another lifetime trait.

reported to be as high as 2783 days (7.6 years;

low down as
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Table 6: Mean lifetime performance traits from the

literature

Fra it Breed Author/sCountry Mean

486

159

1.3

Igboeli (1973a)Zambia 3.4

Kabuga (1990)Ghana 6542680

5402
&

India 13 150 GillF x S

India 13 266J x S et al.

6.0 0.4 al.et

1) Standard deviation F = Friesian, J = Jersey and S= Sahiwal

Ghana
Venezuela

Ghana
Zambia
Panama
India

Ghana
India

15 996
13 660

1562
2783
1121
2848

No. of calvings
F
F

Herdlife (days) 
F 
F
F

F X S

Kabuga (1990)
Igbceli (1973a)
Vaccaro (1974a)
Singh et al. 
(1988)

Singh 
(1988)

3.9
2.2

Kabuga (1990) 
Vaccaro et al. 
(1983)

sd1'

Milk/day of productive life (kg)
J x S India

No. of lactations 
F

Total lifespan (days) 
F

Lifetime milk (kg) 
F 

F x S
Kabuga (1990) 
Sabota & Gill 
(1990) 
Sabota & 
(1990) 
Singh 
(1988)
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al.. ( 1980)1ength of herdlife. Review by Honnette et

indicated f i rstthat phenotypic cornelations between
lactation and measures of longevity (final age and length
of herdlife) ranged from 0.18 to 0.43. Some studies (e.g.
Puri 1 972 )and Sharma,1965; Gopal haveand Bhatnagar,
considered both age at first calving and first lactation
yield in predicting lifetime milk production.

1 i f eAssociat i ons suchbetween earl y records atas age
first calving, first lactation yield, first inter—calving

traitsherdli fe production number ofand (e.g.period
lifetime milk yield and productivelactations completed,

lifespan) have been investigated ( Gaalaas and Plowman,
Hargrove et al..1969;1 963;

mentionSi ngh al.,1988 few).N i chols,1965; toet a
Frequently simple phenotypic correlations and regressions

multiplesometimes regressi onsemployedbeen buthave
(Sundaresan et al.,1954; Gopal and Bhatnagar, Puri1 972;

1 965 ) have been used whenSharma, twoand or more
predictive traits were considered. Hargrove et al.( 1969 )

and negative correlations betweensmal 1recorded atage
first calving and lifetime traits ( -0.09 with number of
lactations completed, -0.07 with productive life and -0.05
with lifetime milk production). In another study involving

Gopal and Bhatnagar (1972) observed highlySahiwal cows,
significant correlations between age at first calving and

Miller et a 1..1 967 ; White and
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milk yields up to 6, -0.548 and 10 years of age of -0.62,

liferespectively. Even milk yield per day of
(1963) to have a negative association

with age at first calving (-0.34). Sundaresan et al.( 1954 )
and Puri and Sharma (1965) used production up to 10 years
of age as a lifetime trait to correlate with age at first
calving. significant negativerecorded higherThey and
correlations ranging between -0.662 and -0.733. The former

used quite scanty information (a sampleauthors, however,
It is conclusive from these studies thatof 1 ess than 30).

lifetime performances become poorer
delayed.

i ndi catedprevious thatwork has thethroughA scan
between first 1actati on yield andcorrelati on ofnumber

productive 1 i f e1ength of1actati ons comp 1 eted, and
production positivealways1i fetime milk has been and

significant (e.g. Gopal and Bhatnagar,1972 ; Hargrove et
1963;

Parker et al.,1960). In most cases phenotypic correlation
withcoefficients been abovehave 0.38 reportssome

recording lower values. For example, Gaalaas and Plowman
( 1963) found a significant correlation coefficient of 0.173
between first lactation yield and total lifespan. White and
Nichols (1965) observed val ue of 0.216 between firsta
lactation mature equivalent milk and number of lactations

al.., 1969; Puri and Sharma, 1965; Gaalaas and Plowman,

and -0.51,
was noted by Lamb

as first calving is
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comp 1 eted. associationMiller et al.(1967) studied the
between herd life and first calving interval. They found
the associ ati on variables bebetween the totwo
insignificant and virtually (-0.01 to 0.01 ) . As canzero
be associ ati on traitsexpected, 1ifetime such asamong

productivenumber of 1actati ons life andcompleted,
1ifetime Correlati onmi 1 k product!on, always high.are
coefficients above 0.95 were recorded by Hargrove et al .
( 1 969 1 length ofbetween number of lactations completed.
productive life and lifetime milk production.

and/or multipleSimple regressi on analyses have been
predictive ability 1 i f eof earl yemp1oyed thetestto

records on lifetime traits. Singh et al . ( 1988) used a third
1 i feti medegree polynomial regression of traits (namely

1actati ons, 1i feti me mi 1 k inherd 1i fe al 15toup
lactations and average milk yield/day of life) on what they
termed productive variables (i.e. first lactation yield,
first two lactation yields and average milk yield per day
of first calving interval) and found that they did not have
any significant bearing on any of the dependant variables.

f i rstconcluded that the 1actati onsThey, however, two
explained more of lifetime production and should be given
emphasis in prediction.

The intention of using more than one predictive variable
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the dependenti s increase of estimation ofto accuracy

calving in addition to first lactation yield and found that
the accuracy of predicting (R) lifetime milk production up

i ncreased andand by 24%,6 , 29 , 21to 8 1 0 years
respectively. On the contrary, Hargrove et al,. ( 1969) had
shown that first lactation milk yield accounted for 23.1%

(P<0.01) but the inclusionin lifetime milkof variation
of age at first calving (linear, quadratic and cubic terms)
m the model increased it to 23.4% only, suggesting little
could be gained by including age. Gandhi and Gurnani (1988)
attempted to predict 5-year milk production of Sahiwal cows
from early life records. Age at first calving, first 305-

i nter-calvi ngfirst lactation length andday milk yield,
period explained 42.1, 23.8, 7.0 and 3.7% of the variation

respecti vely. theHowever,in milk yield up to 5 years,
optimal equation for predicting 5-year lifetime production

and calving interval. Theincluded first lactation length
accuracy of prediction was 74.1%.

2.8.3 Cow death and culling rates

There is dearth of information on cow mortality rates in
tropicsi n the fordai ry farms apparentno reason.

Mahadevan (1966) cited by Mhaiki (1980) made a review of
death rates among various grades of Friesian cattle.cow

trait. Gopal and Bhatnagar (1972) considered age at first
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andAnnual Mwakatundudeath rates ranged from 1 2%.

Masanje ( 1984 ) recorded rates ranging from 1.2 todeath
southern highlands ofi n three dairy farms13.9?$ i n the

Tanzani a.

i s 1 eastculling theThe of to removepurpose cows
profi tabi1i typrofi table animals from the herd and i s

closely related to reproduction and production (Syrstad,
Culling signifies choice by henceI 972 ) . natureorman

sales for dairy purposes or forthere are voluntary (e.g.
beef due to low production, type faults, teat problems) and

calvi ng prob 1ems,(e.g.removals deaths,i nvoluntary
conceive, leg problems).injury, failureudder/teat to

is the proportion of removedCulling rate are
in thenumber ofthethe herdfrom to cowsaverage

i ssi ze keptprescribed period. If the herd constant,

culling rate is the inverse of herd life. Rates of culling
been studied widely in the tropics. Zambi a,Inhave not

Igboeli (1973a) came up with an average annual culling rate
considered if i tthis 1 owand tooof 13.62% was was

intended to attain maximum genetic improvement. Friesian
cattle managed in Uganda were reported by Trail and Marples
( 1968) to be culled ata rate of 20%. Studying culling rate
in two farms in Iringa region, Tanzania, Kifaro and Temba
(1990) revealed overall culling rates of 15.0 and 23.6%.
Both farms raised Ayrshire cattle.

cows that

2 to
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2.8.4 Reasons for cows to exit from herds

Reasons for the disposal of dairy cows vary with time, herd
and geographical area since they are a function of health

Vaccaro most noi n

most reasonswere
intherather In

inZambi a 1 5on reasons

reasons were

In one
udderof werecauses

in two herds,

was
were

tuberculosis and

other infections.

poor

rates in the tropics 
studies

305-day 
udder

demand for breeding 
and other factors

(Vaccaro,1974a) 
disposal were udder infection (36%), 
and foot rot (20%). Parker et al.(1960) 

one raising Friesians and

status of dairy 
stock, change in 
(Asde11, 1951). 
done by 
cul1ing criteria were discussed other than causes of death. 
Diseases and sterility were the most important 

than low production. In the study conducted 
(Igboeli, 1973a) on reasons for disposals

dairy farms, death accounted for 53.9% of disposals. Major 
for culling were old age (47.9%), infertility 

(19.4%), calving problems (7.5%), accidents (9.4%), tick- 
borne diseases (5.0%), mastitis (2.3%) and other diseases 
(4.3%). In one Friesian herd in Panama 
ch i ef

non-breeders (those 
completi ng 

lactation), tuberculosis and Bang’s reactors, 
troubles (e.g. blind teats, udder abscessation) and various 

In Venezuela 252 American Holsteins and 
150 Dutch Friesians were imported (Vaccaro et al.,1983). 
About 68% of the original female stock did not survive 
until their third calving. Principal causes of wastage were 
reproductive problems (50%), deaths (16.3%) and 
physical conditions (12.0%).

herds, beef prices, 
culling policies 

A review on culling 
(1974a) showed that

i nferti1i ty (26%) 
studied longevity 
the other Jerseys. Similar to other studies on longevity, 
their work was done retrospect!vely and results showed 
important reasons for disposals 
who failed to conceive before
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CHAPTER 3

MATERIALS AND METHODS

3.1 The study area

■ he southern highlands of Tanzania comprises Iringa, Mbeya,
Ruvuma regionsRukwa 1ocated southand the westernon

,2corner of the country. This zone has an area of 247 081 km!
or 26% of Tanzania’s total land area and a human population

2.5 million. 1984 national livestock countTheof over
144 000 dairy cattleindicated that of the approximately

the southern highlands regions had about 15in Tanzania,
formingcattle about of thedai ry 10.7%head of300

has good weatherAl though thenational herd. area
conditions with climate varying from tropical to temperate,
the zone has low dairy cattle population. That places the
southern highlands in a good position of making substantial
expansions in the dairy industry.

source and management of3.2 Description of farms,
animals

The data was collected from five farms: Ihimbu and Kitulo
in Iringa region; Iwambi, Mbarali and Uyole Agricultural
Centre (here-in-after to be called Uyole) in Mbeya region.
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3.2.1 Ihimbu

Farmi ngIhimbu dai ry Tanzania Dairyfarm belonging to
Company (DAFCO) is located 30 km south-east of Iringa town,

1743 m above sea level.

The average rainfall for 14 years ( 1976 - 89 ) was 753 mm.
Mean rainfall days were 77.5. Maximum temperatures ranged

0 The coolest months are June to August.12.8 to 15.6UC.

Ihimbu dairy farm has a size of 266 ha out of which 150 ha
are under established pastures. Introduced pasture species

(SetariaNandi setariaqayana) and(Chlorisgrass
sphacelata). Legumes include greenleaf desmodium (Desmodi urn
intortum), silverleaf desmodium (D. uncinatum) and G1ycine

lucerne (Medicago sativa) haspure stand of beenAspp.
plot for feeding cows and calves.established on a small

is the main natural grass found at the farm.Themeda sp.

In
Other animals were imported frombulls from New Zealand.

has specializedThe farm in raisingZimbabwe in 1987.
Ayrshire cattle.

on latitude 8° S and longitude 36°

are mainly Kikuyu grass (Pennisetum clandestinum), Rhodes

1983, the farm received 50 Ayrshire cows plus several

10’ E, at an altitude of

from 23.9 to 26.7°C while minimum temperatures ranged from
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Calves were fed colostrum in the first 3 5 days while
staying with their dams. They were then separated and kept

whole milk per day in two equal meals. When available, milk
After sixreplacers were used to minimize feeding costs.

weeks, calves were taken outdoors and given a supplement
of 250 g of concentrates per day especially during the June

Weaning was fourDecember dry period. done
months of age. Heifers were mated at about 24 months of age

ran with the breeding heifers all the time.

Cows were hand milked and milk recorded every day at 0430
Concentrates, mainly comprising of maizeand 1630 hours.

and saltcakecakebran, was
offered at a flat rate of 4 kg per day. Cows producing over
10 kg during the dry season (June - December) were given

in thei r night1ucerneofkg extra2
The dry herd depended exclusively pasturespaddock. on

though occasionally mineral in their
feed troughs. In the last 3 weeks before calving, pregnant
cows were given 2 kg of maize bran per day. Due to shortage
of
by herding them together with cows.

di pped twiceanimalsAl 1 week. Calveswere per were

indoors in individual calf pens. They were fed 4 litres of

depending on the physical appearance of the heifer. Bulls

cotton seed

blocks were placed

liquid nitrogen and semen, bulls were used for mating

concentrates and

at about

or sunflower
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dewormed after every six months. Vaccinations performed at
the diseasefarm i ncluded mouththose against foot and
three times per year (but depending on availability of the
vaccine), black quarter, lumpy skin disease, rinderpest and
haemorrhagic septicaemia once per year. Heifers below one
year of age were vaccinated against brucellosis using S 19
vaccine. Occasionally tests for brucellosis were conducted
and positive reactors slaughtered. Most cows disposed were
due to old age or accidents.

3.2.2 Iwambi

west of Mbeya The farmkmIwambi i s situated town.10
level. Theaboveelevation of 1 500stands at m seaan

Tanzania government bought the farm (then 296 ha) from a
1966 and expanded it to 606European farmer in September,

in withhanded 1976DAFCO 64farm toTheha. overwas
mi Iking animals.

unimodal rai nfal 1 starti ngreceives fromfarmThe a
November and ending in May, averaging 875 mm (1975 - 89).
No other weather variables were recorded at the farm.

Iwambi farm has an area of 606 ha out of which 400 ha had
been planted with Rhodes grass (Chloris gayana). The rest

land with naturalundevelopedi s comprisingpastures
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mainly of Themeda sp. and Hyperrhenia sp.

Iwambi inobtained its foundation stock from New Zealand
1 975 heifersand during which and1 978 20050 were
received, respective!y. FriesianFriesians, Jerseyx
crosses and a few Jerseys were the main breeds of cattle.

received 1000 head of Friesian cattle1984/85 IwambiIn
on transit toimported from Zimbabwe, of these weremany

other DAFCO farms.

Calves were left to suck their dams for 4-5 days in order
to get colostrum. After that period calves were separated
from their dams and fed 4 litres of whole milk in two equal
morning and afternoon meals. For one month they were kept

which they takenin individual afteri ndoor werepens
Up to 1987 weaning was done at three months ofoutdoors.

decided to wean at about four
months depending on the condition of the calf. About one

providedweaning withcalvespriormonth to were
concentrates comprising essentially of maize bran fortified
with mineral premixes. Heifers were bred by natural service
at about 18 months of age.

feed mainly from grazing.obtained their However,Cows
availabi1ity, si 1 agedependi ng and haygrasson were

offered in the dry season. Concentrates were offered at the

age but after that it was
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rate of 2 to 4 kg per day during milking sessions. Amounts

varied depending andavailability of concentrateson
Mai zeHigher rates were given in the dryseason. season.

bran and cotton seed cake were the main feed ingredients.
Milk recording was done daily up to end of 1983. Monthly

cows ’i ntototal yields transferedfor each cow were
individual record cards. Since 1984 milk recording was done

th day of the month).twice per month (around the 15
The average of the two was multiplied by number of days in
a month to get a monthly record. The farm practiced natural

Bulls were acquired either withinmati ng all year round.
the farm or from other DAFCO farms particularly Kitulo.

Al 1 cattle
were
black quarter, haemorrhagic septicaemia, lumpy skin disease

Deworming was regularly done, especiallyand rinderpest.
against liverflukes. Dipping was routinely done twice per
week.

except in cases of emergencyCows were not often disposed
by a veterinarian. The procedure ofadviced soand when

be disposed oflist of to and reason/scowsprepare a
the head office chief veterinarian wouldthereof. Then

and 30th

disposing animals was that the farm manager would first

vaccinated against foot and mouth disease, anthrax,

stated reasons.later be sent to the farm to verify the

Heifers were vaccinated against brucellosis.
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Thereafter the farm manager would be instructed to dispose
the animals and in the manner stipulated.

3.2.3 Kitulo

Kitulo plateau is an undulating hilly highland area on the
tip of i sthe Nyasa escarpment. ofIt
Mbeya town and approximately 25 km north-west of Iwawa, the
administrative centre of Makete district. Geographical 1y,

0 0it lies within the coordination 8 58’ 10’to 9
46 ’ 58’ E. The geology of Kitulo is described to be

thickof volcanic origin. plateau isbase of theThe a
The top soi 1 has high organic matterdeposit of basalt.

sloping gently from west to east (TISCO, 1983). Unitedm,
Nations Development Programme (UNDP) started research work
on wheat and oats on the Kitulo plateau in 1965. Later the

Ranching Company (NARCO) with the assistance ofNational
UNDP initiated wool sheep raising. In 1976 UNDP handed over
the farm to DAFCO together with wool sheep and a few beef

latter secured a world bank loan for dairyanimals. The
development.

The average rainfall at Kitulo is 1457 mm (mean for 1979-
89) Octoberwhich falls between and May. (1983)TISCO
reported other weather variables for the period 1965-82.

to 33°

S and 33°

content. Elevation ranges from approximately 2630 to 2820

75 km south-east
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the mean minimum

Frosts
frequently occur in the months of June to August. Due to
high altitude Kitulo has generally cool temperatures all

round, low evapotranspirati on relatively fewyear rate,
sunshine hours and brisk winds.

The natural vegetation of the Kitulo plateau is moorland
type of grassland made up of Koeleri a ori stata, Festuca
sp., Exotheca abyssi ni ca, Eragrostis spp. and Di gitaria

Some of the common sedges and herbs found mostly inspp.
Heli chrysumgullies spp.,RhamunusCyperusspp. ,are

1983). Kitulopri noi des (TISCO, Planted pastures at
include a mixture of Loli urn perenne (perenial rye grass),
Dactyl is glomerata (cocksfoot) and Tri foli urn repens var

Phalaris.(1adi no white clover), tuberosa1adi no and
( red clover).Tri foli urn These pasturespratense were

of (Avena sativa).established under oatscrop
Weeds in cultivated areas are the Oxalia, Senecio, Commelia
and Conyza spp.(TISCO, 1983).

at Kitulo in 1974/75i ntroducedDairy farming whenwas
and 2 were established. During 1975-78,units 1 a total of

ail—1i ftedheifers from the United890 States ofwere
America (USA) with the help of Heifer Project International
(HPI). Unit 3 was established in 1981/82 and 260 Friesian

Maximun teperature averaged 16.5°C while
temperature was 3.1flC. Sunshine hours averaged 5.1.

a cover
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heifers imported from Zimbabwe 1982.in February,were
Units 4 and 5 were stocked with New Zealand Friesians and
started working in 1984. Afterwards, in 1985/86, the same
units received other Zimbabwe Friesians. Currently the farm

Fi g . 1 ) onhas five working units (each unit being a farm;
area of 2650 ha. Kitulo is the largest dairy farma total

in Tanzania. During its establishment it had been planned
to build 28 units on the plateau by year

Essentially Kitulo has120 milking cows at any one time.
Zimbabwe and New Zealand origin.Friesians of USA,

3-5Neonatal
days and thereafter they were enclosed into individual pens

litres of whole milk per
day in two equal meals.
taken out to pastures during the day and returned into calf
pens in the evenings. Weaning was done at around 4 months

depending on the physical condition of the cal f.of age
separated weaning.afterand bullsHeifers soonwere

withof always bulIs.monthsHeifers above 18 ranage
diagnosis done month andPregnancy oncewas every

cows/heifers with about seven months pregnancy joined the

and ear-tagged. They were fed 4

calves were allowed to suck their dams for

At one month of age, calves were

1993, each with
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dry herd.

Cows mi 1ked twi ce mi 1 kPriorday. to 1 984were per
,threcording was done daily. After that the and the 30

was
multiplied by number of days to get monthly production.

dependedCows mainly The supply ofpastures.on
irregular because of the long d i stance

from Mbeya town where all purchased.

Concentrate supplementation ranged from zero to about 4 kg

day. the earl y molasses offeredIn 1 980sper was as
addi ti onal i ngredi entsof Concentratesource energy.
commonly used were py rethrum marc, rice polish, cotton seed

mai ze salt, wheat dairy mealbran, feed,cake, common
(special dai ry cattle formulated feed), mi neraland
premixes. During the 1980s cows were also fed green oats,
grass silage was being made for dry season feeding (July
to November). Hay making is not practicable at Kitulo, thus

grazing system of conserving standing haydeferred was
productioni ncrease forageadopted. phosphaticTo

(tripleferti1i zers superphosphate) and nitrogen
fertilizers were applied to pastures.

Artificial insemination stopped being used on the farm as
1978 due to difficulties in securingearly as andsemen

Si neenitrogen.liquid then natural service has been

1 5th

farm supplies were

day of the month were test-days, the average of which

concentrates was
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practiced. Bulls were selected within the farm using rather
dubious criteria.

Brucel1osi s i rregularbeing conducted attests were
i ntervals beingposi tiveand al 1 reactors were
slaughtered. Weaner heifers were vaccinated against this
disease. Lung worms (Dictyocaulus viviparus) were a problem

drenching programme wasat the farm thus a routine set.
Young calves of 1-4 months of drenched once perage were

those between 5 and 10 months were treated once inmonth,
two months while adults were drenched twice a year. For the
latter class this regime was chosen for economic reasons.
Drenching against liver flukes was done after every three

Vaccinations against foot and mouth disease weremonths.
done using a quadrivalent vaccine (O,A,SAT and SAT 2 ) .1

un-infective,said beKitulo plateauT i cks of toare
dipping was done twonevertheless, once

weeks during the warm months of October to January. Other
routine vaccinations were done against anthrax, blackleg,
rinderpest and lumpy skin disease.

Kitulo is known to be deficient in micronutrients copper
(Mo)(Co), molybdenum andcobalt seieni urn (Se).(Cu),

During the early 1980s when pasture management procedures
6 kg per ha per year of copper sulphatewere adhered to,

applied when establi shi ng pastures andwas(CuSO4)

per week or per
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thereafter 5 kg applied every fourthha was year.per

Similarly, 20 kg of elemental sulphur was sprayed annually.
Cobalt was broadcasted per ha in therate of 280at a g
first year and then 110 g per ha after every second year.
Later it was decided to administer cobalt, molybdenum and
selenium to animals as drenches.

3.2.4 Mbarali

0u 38’ S and longitude 34The farm is located on latitude 8
20 ’ E (see Fig.1) and at an elevation of 1100 m above sea

to Mbarali Rice Ltd. ,The farm belongsI eve 1. Farms a
subsidiary of the National Food Company (NAFCO). The main
preoccupation of the farm is rice growing. In an attempt

of rice milling by-products such husks,to make asuse
broken rice and rice polish as livestock feed a dairy unit
was establi shed.

The farm lies in the Usangu plains where the temperatures
comparatively higher than the surrounding highlandare

(mean of 15Maximun temperatures 1975-89)years,areas.
0,0ranged from 27.3UC in June to 31.5UC in November. Mbarali

unimodal rainfall averagingreceives 629a mm per year
precipitating between November and April (Fig.2). The rest
of the months form the long dry season.
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Mbarali has specialized in raising Guernsey cattle which

thought to harshbe able withstand ratherthetowere
environment of formed fromUsangu plains. herdThe was
collections within the country. Since Guernseys notare
very common in Tanzania, of late the farm has had problems
of getting Friesianreplacement bulls consequent Iyand
bulls have been introduced. This study concentrated on the
Guernseys only.

Calves suckled colostrum from their dams for 3-4 days after
which they were kept in calf fed 4pens where they were

On the thirdi n twolitres of whole milk per day meals.
litres per day. Smal 1reducedmonth the amount to 3was

and water were provided. Calvesof concentratesamounts
after which they gotweaned at three months of age,were

cut grass, concentrates and grazed near the calf unit. At
male and female calves were separated.six months of age,

Heifers were mated by natural service after attaining
months of age.

hand milked twice per day and milk was weighedCows were
kilogramme at each milking.nearest halfto the Dai 1 ya

weekly,summed monthly andrecords to totalupwere
Concentratesyields. fed1actati on according towere

production and ranged from 3 to 8 kg. Feed ingredients used
rice polish, cotton seed cake,i ncluded white or yellow
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maize, limebeans, bone meal , meat meal , sorghum,soya
powder, beans and mineral premixes. The farm does not have
established pastures thus cows grazed on natural pastures
and paddy fields from 0700 to around 1430 hours.

The following prophylactic measures were done on the farm:
were dipped

animals aboveAl 1 were
twicevacci nated against black and anthraxquarter per

three months animals were i nnoculatedAfter everyyear.
vaccinations wereagainst foot and mouth disease. Annual

done for lumpy skin disease and rinderpest. Dewormings were
Occasi onal1y,months.done after 3 4 cows wereevery

treated against fascioliasis.

The farm policy was to maintain around 100 milking animals
at any one time. Slaughters were done on rare occasions of
dystoci a,

age and chronicoldaccidents, any
Culling of cows was based on udder problemsother disease.

and low production though for the latter no clarifications
could be made.

3.2.5 Uyole Agricultural Centre

Uyole dairy farm is of the production and researchone

cases of mastitis or

young calves were sprayed and older classes
6 months of agetwice per week.

reactors to tuberculosis or brucellosis tests,
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units of the Uyole Agricultural Centre (UAC), a government
research and training institution located ofkm east12

Mbeya town. i s 1ati tudeIt 55 ’S andon

32’E at an altitude of 1860 m above sea level.

The temperature at Uyole and themean was mean
annual rainfall of mm (1978 89) which falls from1 141
December to May (Fig. 2).

The farm soils are classified as cambisols. These are deep,
darkish to brown loamy with high silt content. The natural
grasses in undeveloped paddocks are Hyperrhenia spp. while

mainly mixed withpl anted Rhodespastures are grass
unci natumdesmodi urns (D.si 1 ver1eaf greenleafand and

respectively). Few paddocks had setaria grassD.i ntortum,
(Setaria splendida). Common weeds identified at Uyole (some

i ncludecausing poi soni ng cattle)themof to Lantana
polysperma andcamara,

i ncanna.C.

its initialUyole received stock from Kenya in the 1 ate
in October 1975 and in 1 978, two batches of1960s. Later,

respective!y,heifers,and of which201 99 some were
i ncalf, arri ved Zeal and.from TheyNew consisted of

a few Friesianpurebred Friesians and x Jersey crosses.
eight purebredAccompanying them Friesian bulls.were

17 . 1°C

8° longitude 35°

Senecio sp., Crotolaria brevis, C.
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Between augmented by1975 and mati ng1978 natural was
artificial i nsemi nation it(Al) but since not1978 was
possible to use Al on the herd due to i rregu 1 ar i ti es in the
supply of liquid nitrogen. At any one time there were more
than one bull in the herd and hand mating was not possible.
As in most other farms in Tanzania, pedigree recording was
not practicable. To avoid inbreeding bulls were purchased
from other dairy farms.

Newborn calves were identified by ear notches and separated
1i tres ofjust after calving.f rom thei r dams Four

f i rst and for thein four daysfed thecolostrum was
following 17 days four litres of whole milk continued to

Thereafter whole milk wasin two equal feedings.be fed
substituted byeach week and1 i treby one tworeduced

litres of skim-milk. Concentrates, mineral licks and good
hay was offered ad 1i bi turn. day calves were
given plastic ear—tags, taken out-doors and continued to

half a kilogramme of concentrates per day,be fed grass
6 litres of skim-milk per day plus grazing till thehay,

(3.5 months) when theydaysof 105 weaned.wereage
weaners depended mainly on pastures composedHenceforth,

of Rhodes grass (Chloris qayana ) mixed with both species
of desmodium (D.unci natum and D.i ntortum) and supplemented
with 0.5 kg of concentrates per day when available. From

1iveweight heifers dependedabout kg180 solely on

After the 42ntl
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pastures, sometimes supplemented with little grass or maize
silage in the July to November dry season. At about 275 kg
1 i ve wei ght whichheifers joined breeding herdthe
permanently ran with bulls.

Pregnancy diagnosis by rectal palpation was conducted after
Heavy pregnant heifersmonths. and

"steamed up" from the seventh month of pregnancy by grazing
them on good pastures in the rainy season and feeding maize

In addition about 3 kgor grass silage in the dry season.
milkinginday theof offered eachconcentrates was

parlour.

Upon calving, cows joined the milking herd and were machine
milked twice a day at 0400 and 1500 hours. Lactating cows
were always given the best pastures to graze. From July to
November (dry season) cows were fed on maize (Zea mays) or
grass or sometimes oats (Avena sativa) silage and hay. Due
to late preservation, most of the silages and hay were of

Sweet lupins (Lupi nus spp.)poor quality.medium to as
sometimes fed in July, August and earlychop wasgreen

Prior fed1982toSeptember. concentratescows were
according to daily milk yield, usually at a rate of 1 kg
concentrate for every 2 kg of milk, not counting the first

that the nutrient requirementsIt was assumed3 kg. for
maintenance and production of about 3 kg of milk per day

every two cows were
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was met from pastures and/or conserved forages. Concentrate
rates were slightly higher in the dry season than in the

Ration ingredients were maize, rice polish,wet season.
seedcotton cake, sunflower mealcake, salt, bone and

vitamin-mineral premixes (Mchau et al.1983; Kifaro, 1984).
The standard concentrate ration was estimated to contain

14% crude protein.1 2

vaccinated combi newith "bl anthrax",Al 1 cows were a
vaccine against black leg and anthrax diseases once per

disease twiceand against foot and mouth a year.year
Dipping was done weekly while tests for brucellosis and
tubercullosis were occasionally done. Cli ni cal ofcases
mastitis were carefully handled by veterinarians.

Before 1982 culling of cows was based essentially on milk
reproduction. Slaughters doneproduction and were on
e. g.dystocia, leg fractures. After thatcasesemergency

to cull largely determinedtime number of bywascows
requi red sustai nthatof to theamount wasrevenue

activities of the centre.

3.3.Data collection and analyses

For data collection, forms were designed for transcribing
records from farm books, reports and cow individual record
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in uniform manner. madecards Separate forms were toa
register calf births, deaths, herd strengths at the end of

disposals and theireach month of study period, reasons.
information on birth date, calving dates, parity,On cows,

drying off dates, monthly milk yields (total or test-day
yields) and lactation totals were transcribed. Management
aspects and disease prophylactic measures done in each farm

obtained from monthly reports (in which veterinarywere
reports were included) and from interviews with recorders
and farm managers.

day-to-day variation of milkshort term studyand ona

and 3.3.6, respectively.

3.3.1 Calf mortality

sti11 bi rths compi1edabortions andIncidences of were
calf registers (Mbarali and Uyole) fromei ther from or

Thimbu, Iwambi(in of andmonth!y farm reports case
Kitulo). Summaries were made for each farm to obtain total

(confi rmed calving),pregnancies by livenumber of a
abortions and stillbirths. Rate of abortionbi rths, was

abortionsofnumber ofcomputed al 1percentasas
pregnancies while stillbirth rate was calculated as number

a fraction of allof such incidences calves born andas
expressed in percent. Calculations were done within years

components were conducted as described in sections 3.3.4

A long term study on milk composition
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analysi sand for the whole period. Chi-squarestudy

(Snedecor al.,1987)and Cochran, and1989 Putt et was
farmperformed and(within farm)to compare year

differences in incidence rates.

all calves born on the farms duringAt Mbarali and Uyole,
1984-89 and 1980-89, respectively had been recorded in calf

in cal fdied deleted theregi sters. Calves that were
and death dates inscribed. That information wasregi sters

available for transcripti on . In DAFCO farms (Thimbu, Iwambi
there were many missing books,and Kitulo), however, more

decidedfarms i tKi tulo. these tofor For usewasso
(calves,Monthly deaths bymonth!y reports. groupage

heifers of over 18 months of age and cows) and sexweaners,
In addition, monthly herd strengthsreported. werewere

herd strengthsdeaths andmonthlyAl 1avai1able. were
or study period totals and/orget annualsummarized to

bi rths, deaths, totalsimilar andIn way,aaverages.
animalsvarious classes ofofnumbers wereaverage

year and age.calculated by sex,

Death rates were computed as number of calves that died as
fraction of calves born (for pre-weaning mortality) or as

riskweaned/at (forproportion of calves post-weani ng
withinThis donemortali ty). andwas sex, year age

It is important to note further that in DAFCOsubclasses.
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farms weaning was done around four months of age depending
on health status of the calf. For Mbarali and Uyole age at
death (i n months) calf andeachcalculated forwas
categorized accordingly. Annual mortality rate for heifers

of above number ofcalculatedmonths of18 asage was
heifers that died as percent of average number of heifers.

iffindAgain, chi-square done outtotests were
differences subclassesin observations between were
significant. i nvesti gate effect oftheTo onseason

monthly death ratesmortality rate of pre-weaned calves,
were calculated as number of calves that died during the

of calves fornumber thatofmonth percent averageas
thereafterdeathparti cu1 ar month. Monthly rates were

averaged for the whole study period.

a matter of routine write deathDAFCO farms and Uyole as
certificates for each animal that dies on the farm. Besides

cli ni calof death,most probablei ndi cati ng the cause
symptoms and post mortem findings,
In case of Mbaral i causes of deaths were reported in a book
and in the dairy unit monthly report. All available causes
of death for each dead animal were transcribed and 1 ater

Proportional mortality rates were calculatedsummari zed.
number of deaths occuring from a specifictotaltheas

disease in the farm during the whole study period divided
number of deaths occuring duringby the total the time

if any, are also shown.
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period (Putt et al.,1987).

3.3.2 Reproductive traits

Reproduction traits available for study were age at first
calving and calving interval.

Analyses of variance of age at first calving were done for
each farm separately partly because of breed differences,
and partly due to dissimilar study period lengths. Least
squares analyses of variance (GLM procedure of SAS, 1988)

bi rth,with ofemployed to analyse records seasonwas
period of birth and their interaction as fixed effects. In

analyses months of the year were classified into foural 1
rai nfal 1 and acrui ngbased thepatternonseasons

availability and quality of pastures and conserved forages

to cattle:
February is the early wet seasonDecemberSeason 1:

when pastures are abundant and of relatively
good quality;

May i s theMarchSeason 2:
depend on either regrowth or the already
coarse pastures;
June - August are the early dry season monthsSeason 3:
with cool weather and some farms experiencing
sub-zero temperatures. Conserved forages are

late wet season. Cattle
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used.

Season 4: September - November are late dry season
no supplemental

forages being offered to animals. Feeding
levels are often very poor.

Based on the distribution of records across years, periods
of birth were classified differently for each farm. Table
7 presents classifications of years into periods of birth

used in the analyses.

Classifications of years into periods of birthTable 7:
used in the analyses of variance of age at first calving

Period of birth   
53 4 6Farm 1 2

1979-82 1983-871975-78Thimbu 1971-74
1981-83Iwambi 1978-801975-77
1982-85 1986-89Kitulo 1978-811974-77
1981-84 1985-88Mbarali 1977-801965-76

1977-791974-76 1980-82 1983-86Uyole 1968-70 1971-73

means from significant factors were compared bySubclass
Newman-Keuls’ test as modified by Kramer (1956) for unequal

months with very little or
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numbers of observations in subclasses.

Calving farmi ntervals (CI) eachforanalysedwere

in which parity,separately using a fixed effects model

Paritycalving factors.and of theyear season were

1 to > 5 forto > 4 for Kitulo and Uyole,subclasses were 1
> 6 for Iwambi. Study periodsThimbu and Mbarali and 1 to

were 13 years (1976-88) for Iwambi, 16 years (1975-90) for
18 years (1973-90) for Thimbu and 19 years (1971—Kitulo,

The study period for Uyole was 18 yearsfor Mbarali.89 )

into 9 periods of(1971-88) but these were classified 2
1982 and 1988 had very fewyears each because 1971, 1981 ,

records.

3.3.3 Lactation performance traits

Traits analysed were lactation milk yield (LMY), annualized
length (LL) and dry period1actati on(AMY),milk yield

(DP). AMY was computed as LMY per day of calving interval
These traits were analysed forand multiplied by 365.25.

calving.and ofof parity,fixed effects year season
in the modelCurrent calving interval as a

described in(except for AMY). Factors werecovari ate a
analysis of calving i ntervalsimilar done forway as

Phenotypic time trends during the study(section 3.3.2).
periods were analysed by regressing annual least squares

was included
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means of lactation performance traits (assumed to be annual

1actati onphenotypic levels) Correlations among
fromcomputedperformance traits (within cows) were

residual fromand crossproducts obtainedsum of squares
multivariate analyses of variance (MANOVA option of GLM;

and cow factors1988) in which parity,SAS, yearseason,
were included in the model.

3.3.4 Repeatability estimates

LL,
Analyses described under section 3.3.2 and 3.3.3and DP.

for calving interval and lactation performance traits were
repeated having included the "cow" factor in the model as
a random effect.

(12)xijklm ++ S; + Y,U + P kJi

particular record of calving intervalwhere Yi jklm ora

lactation performance trait
overall meanP

thfixed effect of i parity
.zthfixed effect of j season of calving
thfixed effect of k year of calvingYk

th= random effect of the 1 cow
= regression coefficientb1

Yi jklm + C}

C1

+ b,

sj

ei jk 1 n

pi

on year.

Estimates of repeatability were made for CI, LMY, AMY,
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= calving interval
random residual component

calving i nterval i ncludedid themodel forThe not
and within(calving interval). Thecovari ate
calcu1 atevari ance usedcomponents towerecow

i ntra-cow correlation. Respectiverepeatabi1i ty as an
standard errors were estimated according to Becker (1984).

3.3.5 Milk composition

BF determination commenced at Uyole in January,1986 as one
component of a project "monitoring of performance of dairy

in large scale farms in the southern highlands ofcattle
Tanzania". The prime objective was to try to establish a
routine analysis of milk Decembercomponents. In 1987
protein, TS and ash were included. Analyses stopped in May,

This study 186 cows of Friesian breed.1990.
both morningof each montharound daythe andAt

mlafternoon mi 1 k recorded and samples35 taken.was
before analysis.Samples were deep frozen The composite

daily sample was made by taking subsamples in proportion
to the milk yield at each milking.

BF was determined by Gerber butyrometers method and protein
by the conventional Kjeldahl method, using the factor 6.38

1 5th

eijkk

xijkk

was done on

between cow
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converting nitrogen into crude protein 1986) .in ( IDF,

Total solids (TS) and ash were determined gravimetrical 1y
while solids-not-fat (SNF) was obtained by difference.

during editing. Cri teri adata d i scarded forSome were
rejection were:
□ milk yield was not recorded on sampling date or

mi ssed;
□ calving date of cow could not be traced resulting in

failure to trace stage of lactation, or parity
known;

plus corresponding SNF□ BF value < 1 .5
values were considered grossly erroneous;

□ Ash calculated to one decimal point was considered not
good enough to detect differences between factors
because of its low variability.

components on test-days were obtained byYields of milk
dividing the percent component by 100 and then multiplying
by milk yield of the particular test-day.

Parturition numbers were codedData was coded as follows:
included parturition number 5code 5to 5,1 and above.

codedYears 1 990 1 to 5. Recording months1 986 to were
January to December were coded 1 to 1 2. Lactation months

records beyondcoded 10, the1 to tenth month ofwere

and >7.0%

was not
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lactation were lumped into the tenth month sub-class.

The General Linear Models (GLM) procedure of SAS (1988) was
emp1oyed yields mi 1 kanalyse mi 1 k yield ofandto
components on test-days. Data were assumed to be described
by the following model:

( 13 )+ Lj +

= milk or milk component yield on test-daywhere
overa11 meanU

parity (i = 1 , - -,5 )
recording month

(j=1=January,- - -,12=December)
year of sampling(k=1 ,-

5)
month of lactation

(1 -.10)1
random error N (0,

In analysing percentages of milk components, milk yield on
i n the modeli ncluded as

correlati onsPhenotypic betweenpercentages,among
percentages and yields and among yields of milk components
on test-days were computed using Multivariate Analyses of
Variance (MANOVA) option of GLM procedure ( SAS, 1988).

fixed effect of

+ RJ

Ll

+ Yk

Rj

U + P, ei jk Im

ei jklm

P!

Yijkl!ii

Yi.jkln

Y>. = fixed effect of kth

fixed effect of 1^

fixed effect of ith

test-day was a covariate.
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3.3.6 Day-to-day variation of milk yield and components

Milk yield
Daily milk records for the month of October, 1982 for Uyole
and May,1989 for Ihimbu were the selected random months.
At Uyole, out of the 116 milking cows during the selected

were chosen while at Ihimbu 35 were
chosen out of 46 milking cows. Selected cows fulfilled the
following conditions:

cows neither calved nor dried off during the month,□
i s,that

1actati on;
no missing morning or afternoon milk yield□ there was

record through out the month.
□ there was no incidence of mastitis or any other

si ckness.

For the purpose of this study, records from day one to day
of the month (three weeks) were used.21

Friesians and machine milked using bucket system at 0500
Milk was weighed on a spring scale to theand 1600 hours.

nearest tenth of a kilogramme. Ihimbu had Ayrshire cows,
i n

the same way as at Uyole.

Uyole cows were

they were not at the beginning or end of

hand milked at 0430 and 1630 hours. Milk was measured

month a sample of 45
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Since the data set was orthogonal, the standard factorial

The main effects wereanalysis of variance was employed.
ofmilking (morni ng afternoon),t i me and daycowvs

Milking time was consideredmi Iking. a fixed effect,as
whereas cow and day of milking were assumed to be random.
Because of significant interaction between day x milking

morning and afternoon milk yields were re-analysedtime,

cow sub-classes was large,
the analyses and consequently two-way interactions with cow
effect could not be included in the model 1988 ) .( SAS,

Records were assumed to be described by the following mixed
effect model:

(14)+ DTjk +

th= milk yield record from the j cow mi 1ked
milking time;

U = overall mean
thrandom effect of iD day of milking

(i = 1,..,21 )
thrandom effect of j cow (j=1,..,45 for

Uyole and j=1,..,35 for Ihimbu)
= fixed effect of kttl milking time (1 =Tk

morning, 2= afternoon)

+ Tk+ Cj

Cj

where Yjjk

Yijk eijkU + Dj

day and the ktnon the ith

the cow effect was absorbed in
separately for effects of day and cow. Since the number of
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two-way interaction as indicated by
subscri pts

random error (N, )

Milk components
This study was conducted for 14 days (between 21 April and
4 May,1990) and involved 15 cows. Cows were separated from
the main herd and milked f i rst around 0400 and 1500at
hours. Al 1 calvedhad between andFebruary, 1 989cows
April, 1990 and at the start of sampling their milk yields
ranged between 1.4 and 14.6 kg. Milk yields and components
were handled as described previously (section 3.3.5). Due
to shortage of reagents (especially sulphuric acid) and

morninganalyses for and afternoonseparatemanpower,
not possible. protein, andBF, TS ash were

determined from daily composite samples. SNF was calculated
by difference. Milk yield and percentages of milk contents
were analysed for effects of cow and day as random effects.

Thus:

(15)+ Cj += H + Dj

where
random effect of i day of sampling

4 th= random effect of j cow
)= random error N (0, 6,

eijk

Cj

Di

Yij

Yij eij

DTjk,

= milk yield or percent of milk component
th

eij

6e2

samples was
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Correlations between daily milk yields and percentages of
milk calculatedcomponents of consecutive days aswere
intra-cow correlations.

3.3.7 Part and cumulative lactation records

In all farms, except Uyole, monthly total milk yields were
Monthlytranscri bed cows ’ individual cards.recordfrom

total yields were obtained differently in the farms and in
For Thimbu and Mbarali, totals weredifferent periods. a

the morningin anddaily milk yields recordedofsum
recorded dailymilkKituloIwambievening. andAt was
two timesbut recording reduced tobefore 1 984 perwas

month since 1984. At Uyole, available records were monthly
three tests made aroundaverage yields based on

thisthe ofday of the month. Forand purpose
only the first ten records were considered.study,

1actati onfifth ofmonththeafterdrythat waswas
assigned a zero milk yield.

Because the first record had varied lengths, the number of
the end ofcalvi ng date thefrom todays month was

Average milk yield the f i rstforcalculated. month of
lactation was obtained by dividing the monthly yield by the
calculated number of days in milk. Cumulative milk yields
were calculated by summing the respective monthly average

2 5 tn1 5th
the 5th

A COW
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yields. Data was coded to provide information on length of

calving i nterval,current period ofparity, year or
calving, month or season of calving and farm. Records were
ana 1ysed separately for farm of breedeach because
differences ( Ihimbu and Mbarali) or had a unique recording
system (Uyole). Iwambi and Kitulo had only Friesians with

similar recording system and hencea were
merged and analysed together.

and cumulative milk yields of MbaraliPart Ihimbu, and
(1988)Uyole were analysed by GLM procedure of forSAS

fixed effects of calving.of period, parity and season
i ncludedInteractions were ignored. Calving interval was

in the model in both linear and quadratic terms. The model
employed was:

(16)+ b^Xj +

= a particular record (monthly average yieldwhere Yijkl
or cumulative yield)

= overall mean/interceptP
parity class in

i=1,..,> 5 forparturition number (
Ihimbu and Mbarali and i=1,.., > 4, for
Uyole)

period of calving ( J=1= fixed effect of jth

+ blX)Yijkl

Pi

ei jkl

Ai fixed effect of i^

= p + Aj + Pj + Sj,

their records
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4 for Thimbu and Uyole and j = 1 5 for

Mbarali)
season of calving (k=1

4)
= partial regression coefficient of part or

length of calvingcumulative yield on
interval (linear)

= partial regression coefficient of part or
cumulative yield on length of calving
interval squared (quadratic)

= calving interval
calving interval squared

random error associated with each
observation

The following periods were assigned to the records of each
farm:

1980-82, 1983-85,Thimbu 31977-79, 21
1986-89;4

Mbarali 1979-80, 2 1981-82, 3 = 1983-84,1
5 1987-88;1985-86,4

Uyole 1 1 981-83, 2 1984-85, 3 = 1986-87,
4 1988-89.

and Kitulo records were merged.Iwambi Separate analyses
made records prior tomade and after 1984 forwere on

stated above. Further, first and 1 ater lactationreason

b2

X2

X1

Sk

b1

eijkl

fixed effect of k:il
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records were analysed separately. To achieve this, records
were organized to create the following data sets:

First lactations made between 1976 and 1983Data set 1.
(569 1actati ons),

Data set 2. Second and later lactations made between
1976 and 1983 (992 lactations),
First lactations made during 1984 - 90 (357Data set 3.

1actationsIwambi1actations; had only 1 6
which were deleted)
Second and later lactations made during 1 984Data set 4

Iwambilactations; had only 5590 (891
lactations which were excluded)

had Iwambi and Kitulo records and was analysedData set 1
the following model descri bedthe assumption thatwi th

them:

= U + Fj

(17)) + ijkl

a particular record (monthly average yieldwhere
or cumulative yield)

= overall mean/interceptP
farm (i = 1, 2)
month of calving (j= 1

=: January 12 = December)

fixed effect of jlh

+ pk

Yijkl =

Mj

+ FPikYijkl ¥ imean

V
A2mean

Fi

) + b2(x2ijkr

= fixed effect of i^

+ + bl(xlijkl
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year of calving ( 1
1976,..., 8 1983 )

farm x year interaction
= calving interval

= mean calving interval
= calving interval squared

= mean calving interval squared
b, , bj = partial linear and quadratic regression

coefficients, respectively
error associated with each observation

i n additionanalysed by model 17 above,Data set
3 and > 4) was included.fixed effect of parity ( 2, Data

set 3 and 4 had Kitulo records only, so effects of farm and
were removed from the model.farm x year

coefficientscorrelati on andpartPhenotypic among
cumulative monthly yields and with 305-day lactation yield

residual sum of squares andcalculated from cross-were
products using MANOVA option of GLM procedure ( SAS, 1988).
Two types of extension factors were developed from pooled
(all farms) records:

Ratio extension factors which made use of accumulateda)
in addition, predicted the remainingrecords and,

unknown part of lactation from the last test-day
The prediction equation used1976).record (Auran,

FP:k

ei jk I

fixed effect of kthpk

X,

X'2nean

X1ciean

2 was
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was:

(18)Y )X2&5-D D’-n

where Y estimated 305-day milk yield305-D
the accumulated yield of partX Pl-n

month
of lactation

= milk yield of the last test-day of month nX LTn
the ratio factor based on populationk

population 305-day milk yieldY
Regression extension factors were developed for bothb)

linear regression model.

first and later lactations commencing in the wet (December
May) and dry (June - November) season.

3.3.8 Life-time performance traits

the following variablesset comprising ofdataA was
matchingby datafarm milk,eachassembled for on

reproduction and disposals: bi rth,
first calving date, second calving date, drying off date
after the first lactation, first and second lactation milk

XLTn

+ ( k x XLTn

average (Y - Xpi_n

lactation from the first to ntn

In both cases (a and b) separate factors were derived for

monthly and cumulative records based on the simple

cow number, date of
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yields, number of life-time calvings, date of last calving
before disposal, total milk yield fromdate of disposal,
first calving date to date of disposal and life-time milk
production The followingin lactations only.completed
variables were derived from the data set:

age at first calving (in days);
1i fe-spantotal

date of disposal;
(in days) fromlength of productive life as interval

first calving to date of disposal;

productive life in completed lactations as interval

before disposal;
- calving interval and lactation length in first

1actati on
annualized first lactation yield as first lactation
milk yield divided by calving interval and multiplied
by 365.25;

- milk yield per day of productive life as total 1 i f e-
time milk yield divided by length of productive life;
milk yield per day of total life as total 1 ife-time
milk yield divided by total life-span.

deviations for each of the studiedstandardandMeans
Simple correlation coefficientsvariables were computed.

between traits were calculated. To test predictive ability

(in days) from first calving date to last calving date

as interval (in days) from birth to
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of earl y life productionrecords 1i fe-ti me mi 1 kon a

forward multiple regression performedanalysis towas
i denti fy life)combination i ndependent (earlyofa
variables that would best explain the variation of life­
time milk production and result be able to predict
i t. The model was:

(19)Y

expected life-time milk productionwhere Y
i ntercept
regression coefficient for each independent

(early life record) variable;

first lactation milk yield,at first calving,

lactation length and calving interval )

Cow death rate was computed as number of cows that died in
particular year or whole study period as a fraction ofa

the average number of cows during the year/s, while culling
rate was obtained by dividing the number of cows that left
the herd by death, sale and slaughter in a particular year

years) by the same denominator as above.(or all

leaving the herd classifiedfor intoReasons werecows
major. categories; namely deaths,three sales and

bo

bi

+ Z bj Xi

bo

as a

xi independent variable (early life record; age
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slaughters. Where applicable, reasons for cow exit within
each major category were also classified. Frequencies (in
percent) within and betweenthereafter calculatedwere
major classes.
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CHAPTER 4

RESULTS

4 . 1 Calf mortality

4.1.1 Abortions and stillbirths

largeThe difference

(Chi-square=l18.8; 0.001 ) . Yearly abortionP rates<

to 20% while overall f armranged from rangedmeanszero

of abortions9.5%. The highestf rom 1.8 rateto was

The rest of the farms hadrecorded at Mbarali farm (9.5%).
8 ) . Dif ferences(Table betweenexceeding 3%rates not

signif icant in all farmsabortionin rates wereyears

except Thimbu.

Generally, rates of stillbirths were higher than abortion

threeMbarali farm. of theIn farmsforexceptrates
(Iwambi, Kitulo and Uyole), yearly variations in rates of

0.001 ) .largeremarkably (P<stillbirth Again,were
quite considerabledifference ( Chi-f armbetween was

square=78.9; P < 0.001). Overall rates ranged from 3.4% at

Thimbu to 9.8% at Iwambi.

in abortion rates between farms was
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Table 8: Rates of abortions and stillbirths in the five

farms

Farm
Trait/aspect Thimbu UyoleIwambi Kitulo Mbarali

Years covered 1981-89 1980-89 1984-89 1980-891979-90
Abortions

2.S 3.01.8 2.2 9.5
0.0-7.00.9-7.2 0.0-6.9 3.8-20.0Range 0.0-4.3

10.3 ns 26.2 **53.0 «** 17.7 **

Stillbirths
5.03.4 9.8 9.6 3.8

2.2-7.1 1.4-14.02.0-14.60.0-7.4 5.7-17.8
36.2 *»«76.5 »»» 4.7 ns10.5 ns 30.7 ***

!i Range of annual rates
2) Chi-square test for differences between years

4.1.2 Calf mortality rates

Table 9 presents mortality rates of calves up to 18 months

of age. Mortality rates of unweaned calves ranged from 9.3

25.5% at Kitulo. Between farm difference inat Iwambi to
death rates was significant (Chi-square=330.4; P < 0.001).

as expected, were significantDifferences between years,
to 0.001) but no obvious trends were observed.(P < 0.01

in death of unweaned calvesratesdifferencesSex were
0.05 ) in all farms(Pnon-signif icant Iwambi> except

where there was heavier ( by 6.7%) heifer calf mortality.

’■lean < X)
1)

2 > Chi-square

. 2 1Chi-square

tlean (X) 
Range^ 1

36.5 **»
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After weaning, death rates ranged from 13.2% at Mbarali to
29.6% Iwarnbi. Kitulo, Ihimbu andat Mean death rates at

Uyole were 21.3, 16.9 and 17.2%, respectively. There were

real differences in death rates between farms (Chi-square

=93.7: P < 0.001). Again, differences between years were

Realq ui te substantial all0.001 ) in(P farms.< sex

differences in mortality rate among detected

at Ihimbu ( Iwambi (P < 0.001 ) and at KituloP < 0.05),

(P < 0.001).

total calf loss from birth to approximately 18Calculated
months of age was 25.2% at Ihimbu, 36.2% at Iwambi, 41.4%

26.4% at Mbarali and 27.4% at Uyole.at Kitulo,

Mortality rates among heifers of above 18 months of age

equally high, ranging from 7.1 at Ihimbu to 29.2% atwere
Farm differences in death rates of heifers aboveIwamb i.

large (Chi-square=135.0; P <0.001).18 months of age were
notably high in all farms (TableYearly variations were

Overall loss of heifers from birth to first calving10 ) .
ranged between 32.1 and 68.8% indicating that one third to

heifer calves born reached theal 1two thirds of never
milking herd.

Distribution of monthly death ofrates unweaned calves

according to months of the year is shown in Appendix

weaners was
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Table 10: Mortality rates among heifers of over 18 months

of age

Between yearsNo. of heifers

Chi-squareRangeDiedAt risk

40.9 ♦**Ihimbu 0.0-28.9283 20

375.2Iwambi 4.4-100.0218 29.2746
68.8

98.2 ♦♦♦2.5-26.5Kitulo 2 064 257

0.0-69.7 68.2 ♦♦♦Uyole 63 20.3310
Birth-calving 42.1

1; Records for Mbarali did not permit making such
calculations

classified i ntoTable If the months1 . seasonsare
i n therai nfal 1 and temperature patterns
and thefarms,

(June August) contai nmonths thetoearl y dry season
three out of fourtheIn

studied, (Decemberthe earl yfarms toseason
February) had the least death rates.

4.1.3 Causes of calf deaths

studied
by di sorders;farms namelywere

nutritionaland deficienciesscours
11a,

of Atcauses
coast

Ihimbu, 
tick-borne diseases (mainly anaplasmosis and east

pneumonia, 
and b).

Aga 
class

> 18 mon.
Birth-calving
> 18 mon.
Birth-calving 
>18 mon.
Bi rth-calving 
>18 mon.

Death 
rate

12.4
52.9

7. 1
32. 1

Approximately 32 to 52% of all calf deaths in the 
caused by three main

largest proportion of deaths.
rainy

Farm1'

fever) were the cause of 10.5% of deaths of calves. Bloat 
(tympanites) was responsible for 9.6% of calf mortality at 
Ihimbu farm and was mainly associated with over-eating of

(Tables
There were a few other farm specific major 

death that need to be mentioned.

according to
the late wet season months (March to May)
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Table 11a:

Percentage_of total.deaths
 Farm

Cause of death UyoleIhimbu MbaraliIwambi

Total no. of deaths 305209 776 139

16.5
18.7
2.9 3.63.65.3

8.
5.9

1.4

2.0
13.

2.5 4.3
14.

6.510.0
2.2

9.3 6.512.0
100.0 100.0100.0 100.0Total

A summary of causes of deaths among young stock at Ihimbu, 
Iwambi, Mbarali and Uyole dairy farms

18.
19.
20.
21.

5.7
0.5
0.9
2.6

0.5
2.0
0.5
0.4
0.3

5.0
5.0
2.9

9.5
9.8

16.
17.

3.3
0.7

5.
6.
7.

20.3
3.6
3.9

2.6
25.9

14.8
11.1
2.5

25.9
9.4
3.6

9.
10.
11.
12.

2.4
4.3
3.3
10.5

5.7
2.4
4.3

12.1
2.9

25.8

1 .
2.
3.
4.

7.2
18.7
9.6

Pneumonia 
Diarrhoea/scours 
Bloat 
Nutritional 
deficiency 
Born weak 
Poisoning 
Accident/drowned/ 
trauma 
Attacked by stray 
dogs 
Fascioliasis 
Lung worms 
Tick-borne diseases 
Other digestive system 
disorders 4.3
Liver failure (cirrhosis 
or abscessation) 
Destroyed; general 
malaise 

15. Scours and pneumonia 
Lung abscesses 
Foot and mouth 
disease 
Lumpy skin disease 
Lung tuberculosis 
Navel infection 
Other causes
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Cause of death No. of deaths Percent
1. Pneumonia 19.0522

Diarrhoea/scours2. 11.4314
3. 308 11.2

166 6.14.
5. 159 5.8

5.76. 157
5.37. 146
5.01368.

117 4.39.
4.011010.

11 .
3.289

70 2.612.
61 2.213.

1.95314.
1.746

42 1.5
30 1.117.
28 1.018.
25 0.919.
22 0.820.
19 0.721.
18 0.7Cold stress23.
16 0.6Fascioliasis24.
14 0.525.
8 0.326.

67 2.427.

2743Total 100.0

Table11b: Causes of death among young stock at Kitulo dairy 
farm

Tuberculosis
Destroyed due to ill health
Others

Enteritis/gastroenteritis 
Abscessions (general,lungs,liver) 
Lung worms 
Un-detected/un-known cases 
Tympanites (bloat) 
Drowning in water/mud
Nutritional deficiency/debi1ity 
Poisoning
Reproductive problems in heifers 
(including hydramnios/hydrallantois) 
Multiple of causes 
Liver failure/cirrhosis
High altitude (brisket) disease

15. Accidents/trauma
16. Helminthiasis (mainly tape worms) 

Attack by stray dogs 
Navel ill/joint ill 
In-digestion 
Born weak
Intestinal obstruction/strangu1ation
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lucerne. Poisoning has featured highly at Iwambi due to

fed copper sulphate in concentrates as a

rest of the poisoningsremedy to copper deficiency. The
due to other causes such as snake venom, dip wash andwere

molasses toxicity. Apparently poisoning also claimed lives

calves at Mbarali ( 18.7% of deaths) and at Kitulo

( 4.0% of deaths). At Kitulo suspected poisons were copper

sulphate,

Attack by stray dogs was responsible for 44 deaths (5.7%)

deaths (5.9%) Uyole. GeneralandIwambi 18 atat

abscesses of lungs and liver (Table 11b)abscessation and

the fourth major cause of calf death at Kitulo dairywas

farm. Also high on the list were incidences of lung worms
(Pictvocaulus viviparus) and bloat. Kitulo and UyoleAt

substantial number of un-detected/found dead

In

subclass.

4.2 Reproductive traits

4.2.1 Age at first calving

The average ages at first calving at Thimbu (Ayrshires),

of some

cases in which even post mortem could not be performed.

the 1984 catastrophy whereby 157 weaners and heifers died

when they were

there were a

"others"the latter farm such cases were lumped into the

urea, acaricide and plant weeds.
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Iwambi (Fri esi ans), MbaraliKitulo (Friesians ),
(Guernseys) and Uyole (Friesians) were 36.6 ± 0.5, 38.9 ±
0.8, 33.3 0.4, and months,± 34.5 0.8 34.4 0.3±±
respectively. Analyses of variance performed for each farm
(Table 12) indicates bi rththat of notseason was an

important source of variation (P > 0.05) except at Uyole

where i t significant (P 0.01 ). Estimated 1 east<was
for age at first calving are presented insquares means

Table 13.

Table 12: Analyses of variance of age at first calving

Source of variation
Period (P)Season (S) ResidualS x PFarm

Thimbu

Iwambi

Kitulo

Mbarali

Uyole

period of bi rthVariations due 1 argeto andwere
significant (P < 0.001) at Thimbu, Kitulo and Uyole. At

229
43

62546

130
34
90
59

9464d.f.MS

d.f.
MS

d.f.
MS

d.f.
MS

d.f.
MS

3
36 ns

3
41 ns

9
43 ns

6
57 ns

3
192 **

3114 ns

325 ns

3
371 ***

3 
77 ns

9
54 ns

9 
63 ns

15
145 ***

51 923 ***

31 Q39 ***
2

1 111 ns
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Uyole, the interaction between season and period of birth
was also a significant (P < 0.001) source of variation.
Inspection on least squares means for period of birth show
that age at first calving has been gradually increasing
with time from 27 to about 46 months at Thimbu and from 36

At Kitulo heifersto 39 months Iwambi. freshenedat at
around 31 months in 1974-77 then it went up to 37 months
during 1982-85 but declined thereafter. Period effect on
hei fers f i rstat Mbarali errati c. At Uyole atwas age
calving was lowest during 1974-79, afterwards it increased
to about 41 months during 1983-86.

4.2.2 Calving interval (CI)

Mean calving intervals (CI) were 432, 419, 489 , 375 and
Iwambi, Kitulo, Mbaralifor Thimbu, and Uyole384 days,

respectively. Mbarali and Uyole had i dealfarms, ofCis
less than 13 months while Kitulo had longest Cis averaging
about 16 months. Analyses of variance of Cis presented in
Table 14 show that the model accounted for less than 10%

calving i ntervalsvariation of (exceptof total at
Ihi mbu). of

in three of the farms thoughvar i ati on it accounted for
only one percent or less of total variation of this trait.
Table 15 shows the estimated least squares means for CI by
parity and season of calving. Cis of first calvers were

a significant sourceParturition number was
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and Uyole but otherwiseKi tulo1ongest Thimbu,at no

specific trend could be discerned.

Season of calving was not an important source of variation
Thimbu wherethe farms 11i n of exceptCI any

accounted for 2% of total sum of squares. In this farm dry
(June to November) calvers had relatively longerseason

Cis compared to those calving in the wet season.

Year differences accounted for 3 to 31% of total sum of
squares and was a highly ( PC0.001 ) significant source of
variation in all farms except Mbarali. Year of calving was
the most important factor influencing Cis in the farms.

Table 14:

Proportions of sum of squares accounted for by:

ParityModel Season YearFarm

Thimbu 34
Iwambi 6
Kitulo 4
Mbarali 4

5Uyole < 1

Proportions of total sum of squares accounted for by 
various factors in the analyses of variance of 
calving intervals

< 1
< 1*

< 1 
ns

2»

ns
1m

1‘
ns

31m

3m

4‘«
3ns

4“‘

< 1
ns

< 1
ns < 1

ns
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Least squares means for calving intervals (days)Table 15:
estimated for effects of parity and season of
previous calving

Farm

KituloIwambi Mbarali Uyo 1 eFactor Ihimbu

Overal1 489 ± 3 375 + 3 384 ± 2419 ± 3
(1162) (2656) (936) (1482)

Parity
a 505 ± 6 373 ± 7 389 ± 31 467 ± 12

(278) (1032) (198)(159) (557)
484 ± 7 369 ± 7 376 ± 42

(244) (173) (384)(134) (733)
’D 380 ± 8428 ± 10 498 ± 8 384 ± 53

(212) (481 ) (138) (259)( 108)
498 ± 9 364 ± 9 378 ± 54

( 80 ) (172) (410) (114) (282)
382 ± 65

(176) ( 125) (313)
6

(131)
Season of calving
Dec-Feb 506 ± 7 377 ± 7428 ± 8 388 ± 4

(168) (244) (673) (231 ) (493)
Mar-May 441 ± 8 493 ± 7 371 ± 6 380 ± 4

(226) (703)(244) (278) (416)
Jun-Aug 434 ± 8 498 ± 7 374 ± 7 374 ± 5

(145) (269) (631) (216) (243)
Sep-Nov 433 ± 8 489 ± 7 372 ± 7 384 ± 4

(118) (405) (649) (211) (330)

1)
number of observations
In this and subsequent tables numbers in brackets are

429 ± 1Tib

395 ± 14°

409 ± 16b

415 ± 13a

459 ± 14b

402 ± 121

432 ± 5 
(657 )11

418 ± 13d

421 ± 12°

443 ± 81d

422 ± 10b

420 ± 9b

412 ± 11a

464 ± 11*
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4.3 Lactation performance traits

4.3.1 Milk yield

lactation milk yield (LMY )Two traits were analysed; and
annualized milk yield (AMY). Overal1 LMYsaverage were

Iwambi,Thimbu,2585 kgand2197, 2642 , 23332400, at
Kitulo, Mbarali

Corresponding mean AMYs
and kg and then r1897 , 2369 25161 977 , 2384,were

respective coefficients of variation were 32, 43
Analyses of variance for the two traits for eachand 29%.

farm are presented in Table 16.

Parity was a significant ( P <0.01 to P <0.001) source of

trai ts inmilk yieldvariation both al 1 farms,on

accounting for one to 10% of their total variation. Tables
17 and 18 show least squares means estimated for different

Looking at the parity effect,parities and seasons. peak
milk yield was attained in the third parturition at Kitulo

inwhereas theUyole of the farms,and rest peak
production was reached in the fourth parity. Peak LMY was

22 and 30% above first lactation yields12,
Iwambi, Kitulo,Thimbu, Mbarali and Uyoleat farms,

respectively. Corresponding increases for AMY were about
32, 49, 14, 26 and 31% of respective first lactation AMY.

about 18, 51,

variation ranged from 27 to 42%.

33, 43,

and Uyole, respectively. Coefficients of
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Table 16: Proportions of total sum of squares accounted for by

various factors used in the analyses of variance of
lactation milk yield (LMY) and annualized milk yield
(AMY)

Proportion of total sum of squares accounted for by:

Variable Farm CIModel Parity YearSeason

LMY

Thimbu 14 <

Iwambi 35

Kitulo 37 <

Mbarali 20 < <

Uyole 24

1’Thimbu 27AMY

Iwambi 32

Kitulo 30

Mbarali 22

Uyole 20

-jUS

■jOS

1ns

9»n

30,U

1ns

2‘“

2”‘

7‘“

3“’

6m

7‘“

3‘“

4‘”

< 1ns

16“‘

13:U

19*“

6*”

18‘“

28m

2«»

12*”

10m 1“

2“

10*”

1*“

11*“

< 1ns

H«x

1*

l‘“

tu
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calvingof ofSeason the 1 east i mportantwas source

variation used in the model. It explained less than 2% of
variation of LMY and AMYtotal Variationsin al 1 farms.

due to seasonal differences were significant at Iwambi (P<
0.001) for both milk yield traits, at Kitulo (P< 0.05) for

for LMY and at Ihimbu P < 0.05 forLMY , at Uyole P< 0.01
In the farms where seasonal variations were importantAMY.

(Iwambi and Uyole), at
(September—November)Iwambi 1 ate drythewas season

followed by the early wet season (December—February ). At
forUyole the bestthe earl y wet seasonseason was

calving.

variation influencing milk yield and it accounted for 7 to
variation. Regression on CI accounted for 330% of total

and was significant,sum of squares, Pto 12% of total <

in all farms except Mbarali. Regression of LMY on CI0.001
1.51±0.14, 0.54±0.363.78±0.27, and1.46±0.25,was

1.77±0.26 kg for Ihimbu, Iwambi, Kitulo, Mbarali and Uyole
indicating that hadrespectively, highCIfarms, very

association with milk yield at Iwambi.

the best season for cows to calve

Year of calving was the single most important source of
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Table 17: Least squares means (± s.e.) for lactation milk

yield (LMY) according to parity and season of
calving

Farm

UyoleThimbu Iwambi Kitulo MbaraliFactor

Overal1 2333 ± 32 25 8 5 ± 192197 ± 30 2642 ± 28 2400 ± 22
(1300)(1023) (2169) (859)(641)

Parity
1

(864) (181)(257)(153)
2

(601) (155)(220)(132)
3 2391 ± 87

(239)(387) (122)(197)(107)
a2479 ± 1014

(107)(317) (259)(159)( 75)
5

- (294)(106)(174)
6

(841)
Season of calving

2759 ± 47 2532 ± 72Dec-Feb 2404 ± 73
(211)(209) (557)(162)

2614 ± 48 2287 ± 642357 ± 69Mar-May

(253)(568)(222) (208) (375)
b2177 ± 77 2371 ± 702242 ± 80 2608 ± 48Jun-Aug

(232)(142) (524) (199) (213)
2297 ± 85 2737 ± 49 2420 ± 72Sep-Nov
(115) (374) (520) (196) (290)

(344) 
356( ± 52&

(422)
2473 ± 43?

(458)
2555 ± 44?

3)56 ± 40a

2412 ± 46b

2580 ± 40 a

2588 ± 50°

2402 ± 54b

2599 ± 95c2622 ± 94a

2522 ± 70a

2390 ± 78ab

2760 ± 46ab2250 ± 80abc

2769 ± 56a

2225 ± 85°

1741 ± 76°

2724 ± 63abc

2288 ± 77ab

2562 ± 106ab 2483 ± 62bc

2466 ± 39°

2485 ± 90bc

2399 ± 76ab

2135 ± 75a

2564 ± 87ab

2361 ± 111aDC

2106 ± 76a

2310 ± 81abc
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Table 18: Least squares means (± s.e.) for annualized milk

yield (AMY) according to parity and season of

calving

Farm

UyoleMbaraliKituloFactor Ihimbu Iwambi

2516 ± 20Cveral 1 2369 ± 341897 ± 161977 ± 24 2384 ± 24
(859) (1300)(1023)(641 ) (2169)

Parity
i1914 ± 311

(181 )(257) (864)(153)
■b1991 ± 672

(601) (155) (344)(220)(132)

3
(239)(387)(197) (122)(107)

4
(107)(317) (259)( 75)

5
(294)(106)(174)

6

( 84)

Season of calving
2595 ± 772138 ± 37 2497 ± 422222 ± 61Dec-Feb

(557) (211) (422)(209)(162)
2059 ± 39 2348 ± 67 2426 ± 462175 ± 58Mar-May
(568) (253) (375)(208)(222)

2048 ± 39 2428 ± 74 2375 ± 562098 ± 67Jun-Aug
(524) (199)(232) (213)(142)

b 2134 ± 39 2441 ± 771994 ± 72 2320 ± 61 2363 ± 48Sep-Nov
(520) (196)(374) (290)(115)

(159)
2374 ± 92°

2507 ± 54°

2545 ± 53d

1992 ± 421

2029 ± 73°

2328 ± 76°2243 ± 74°

1591 ± 65a

2232 ± 64°

2370 ± 85a°°

2359 ± 85° 2377 ± 82° 2135 ± 50°

2515 ± 95°°

2497 ± 65°°°

1787 ± 641

2080 ± 67a

2142 ± 45°

2122 ± 96°°

2146 ± 67a°

2001 ± 66a

2158 ± 801

2188 ± 37°

2726 ± 101°

(458)
2517 ± 47°
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4.3.2 Lactation length (LL)

Overal1 Ihimbu, Iwambi ,1actati on 1engths ( LL ) atmean

270 and 294

respectively with Guernseys at Mbarali exhibitingdays,
the shortest lactating periods. Respective coefficients of
variation were 23, Parity accounted30,23,
for less than 5% of the variation in all farms and was not

(P of0.05 ) LL at>a
Iwambi and Uyole (Table 19).

not of significanceThe effect of season of calving was
ofand explained less than total(except at Kitulo) 1%

variation in LL in all farms. The proportion of variation
ranged from andeffect 3 8%toexplained by wasyear

theIt secondsignificant ( 0.001 ) .0.01P< to was
LL highly (Pmost important source of variation after CI.

as regressionlength of CI of0.001) depended on sum<

squares of the latter constituted 6 to 40% of total sum of
regressi ons Ihimbu,of forLinear LL CIonsquares.

Mbarali and UyoleKitulo, 0.24±0.02,Iwambi, were

0.18±0.02 and0.24±0.01, 0.57±0.05 days,0.60±0.02,

respective!y.

Least squares means for LL according to parity and season
calving are displayed in Tableof 20. In three of the

P <

24 and 22%.

Kitulo, Mbarali and Uyole were 289, 316, 321,

significant source of variation
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farms with(Iwambi, Kitulo i ncreasedUyole),and LL
parturiti on calving,number thi rd fourthtoup or
thereafter decreased. LL at Ihimbu and Mbarali decreased
with advancement in age (in parity) of cows.

4.3.3 Dry period (DP)

Mean dry periods (DP) were shortest at Uyole (86 days) and
Ki tulo ( 165 Iwambi1 ongest Ihimbu, anddays). Atat

103 and 104 days, respectively.Mbarali DPs averaged 134,
this trait high,variation forCoefficients of were

ranging from 50 to 75%. Analyses of variance of DP (Table

significant factorthat parityi ndi cated at19 ) was a
the remaining twobut not inKitulo and MbaraliIh i mbu,

Parity explained 2% or less of variation of DP. DPsfarms.
had the opposite trend of LL to
CI (Table 21) and CI was used as a covariate.

Season of calving was not an important source of variation
accounting for less than 1% of totalin any farm,on DP

variation of this trait (except Kitulo; P < 0.05).

The proportion of variation of DP explained by effect of
year of calving ranged from 1 to 4% and was significant in
all farms. The largest portion of the variation in DP was
accounted for by the regression on calving interval

as the two traits add up
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Table 19: Proportions of total sum of squares accounted for by

various factors used in the analyses of variance of
lactation length (LL) and dry period (DP)

Proportion of total sum of squares accounted for by:
T rait Model ParityFarm CISeason Year

nsIhimbuLL 33
Iwambi 46
Kitulo 19
Mbarali 15
Uyole 34 < 1< 1

nsIhimbuDP 68
Iwambi 29
Kitulo 63
Mbarali 60
Uyole 27 < 1

forming 20 to 60% of total sum of squares. Regressions of
i ntervalcalving 0.76±0.02, 0.40±0.02,DP wereon

and 0.43±0.05 days for0.81±0.02 Ihimbu,0.76±0.01,
Kitulo, Mbarali and Uyole farms, respectively.Iwambi,

4.3.4 Phenotypic time trends and correlations among traits

Regression coefficients for lactation performance traits
and calving intervals on in Tableare shownyear 22. A
desirable trend observed at Ihimbu was that, on average,

< 1
< 1‘

ns

< 1
< 1* 

ns
< 1

1“
^ns

2“’
ns

49U‘
23“‘

6O‘“

55“‘

20‘“

8“‘

3‘" 

3’“ 

4“ 

4”

5XU
ns< 1

1m

2n
ns

4»‘ 

4’“ 
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13*”
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Table 20:

Farm

UyoleMbaraliThimbu Iwambi KituloFactor

270 ± 2 294 ± 4Overal1 321 ± 2289 ± 3 316 ± 2
(267)(827)(2352)(1148)(618)

Parity
291 ±7317 ± 61
(106)(166)(925)(276)(152)
301 ± 9321 ± 62

(652) (148) (69)(241)(122)
309 ± 10321 ± 73
(51)(422) (119)(212)(104)

C 299 ± 11346 ±6334 ± 74
(104)(171) (353) (41 )(72)

b 321 ± 8263 ± 75
(290)(121)(168)

315 ± 86
(127)

Season of calving

263 ± 5 299 ± 8322 ± 6Dec-Feb 294 ± 6
(595) (211) ( 84)(238)(160)

276 ± 5 297 ± 10321 ± 6293 ± 6Mar-May
( 56)(242) (616) (240)(211)

317 ± 6 274 ± 5 305 ± 10287 ± 7Jun-Aug
(557) (188)(267) ( 49)(135)

326 ± 6280 ± 8 263 ± 5 299 ± 8Sep-Nov
(584)(112) (401) (188) ( 78)

Estimated least squares means for lactation length 
(days) in the five farms by parity and season of 

calving

331 ± 4ib

327 ± 4a“

323 ± 4b

270 ± 6ab

277 ± 9ab

256 ± 4b

310 ± 4a

339 ± 4a

283 ± 5a

266 ± 6ab

295 ± 7a

335 ± 5bc287 ± 8ab

328 ± 4b

318 ± 7C

272 ± 7ab
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Table 21:

Farm

Mbarali Uyo leFactor Ihimbu KituloIwambi

Overal1 104 ± 2 86 ± 4165 ± 2134 ± 3 103 ± 2

(267)(618) (1148) (2352) (827)

Parity

89 ± 7101 ± 61

(166) (106)(925)(276)(152)
20 79 ± 9104 ± 697 ± 62

(148) (69)(652)(122) (241 )

70 ± 1097 ± 73
(119) (51)(422)(212)(104)

81 ± 1184 ± 74
(104)(353) (41 )(72) (171 )

97 ± 85
(290)(121)(168)

103 ± 86

(127)

Season of calving

111 ± 5 80 ± 896 ± 6Dec-Feb 130 ± 6
(595) (211) (84)(238)(160)

98 ± 5 83 ± 1097 ± 6131 ± 6Mar-May
(616) (240) (56)(242)(211)

100 ± 5 75 ± 10101 ± 6136 ± 7Jun-Aug
(557) (188) (49)(267)(135)

11 ± 592 ± 6 81 ± 8143 ± 8Sep-Nov
(401) (584) (188) (78)(112)

Least squares means for dry period (days) estimated 
for effects of parity and season of calving

91 ± 5’"

108 ± 6ab

155 ± 4ab

159 ± 4ab

158 ± 4a

176 ± 4C

164 ± 4b

118 ± 4°

145 ± 9DC 103 ± 7ab

128 ± 7ab

147 ± 4a

151 ± 5aD

105 ± 7a

136 ± 8lbc

160 ± 7C

140 ± 6b
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undesirable trend was the average increase of 8 days in CI

per year. At Iwambi LMY and AMY decreased by 113 and 98 kg

respective!y. si gni fi canthighlyThereper year, were
(of 90 kg) andannual decreases in LMY ( of 128 kg), AMY

LL (of 3 days) at Kitulo farm. However, Cis improved by 4
Trends for other traits (not pointed out)days per year.

were not significantly different from zero.

positive withinhigh andal 1 farms thereIn cowwere

associations between LMY, AMY and LL, indicating that high
having 1actati nglongi ntomilk production resulted

exempli fi ed negativebyperiods and shorter DPs as
correlations between LMY and DP ( r= -0.16 to -0.36; see

Long Cis were associated with long lactating periodsDP.
(r= 0.24 to 0.64) and long DPs ( r = 0.54 to 0.83). Since LL
and DP add up to CI, their association was negative.

Table 23). AMY was negatively correlated with CI and with

lactation length increased by 3 days each year while the
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I ab le 22: Simple linear regressions of annual least squares

means of LMY, AMY, LL and CI on year

Regression coefficients for:
Farm LMY AMY LL CI

kg days
r.s xxx,ns 8.59 ± 3.61*Thimbu -1 ±16' -25 ± 22' 3.42 ± 0.84

-98 ± 32*-113 ± 37* .ns ,nsIv/ambi 0.32 ± 2.03' 2.81 ±2.43'
xtx xxx -3.08 ± 0.99" -4.22 ± 1.81*Kitulo -128 ± 26 -90 ± 20'
.ns ns ns nsMbarali -33 ± 20' -31 ± 21 0.32 ± 0.75 -1.28 ± 0.76'

■ns.ns ,ns58 ± 49' 64 ± 46' -2.85 ± 2.42

I) Analysis for lactation length for Uyole was not

performed because there were only 4 year subclasses

4.4 Repeatability estimates

carriedvarianceof estimateanalysesthe out toIn
lactation length and dry period,variance components of

calving interval was included in the model. Consequently

repeatability estimates for LL and DP were the same, hence

reported for one of them only. Repeatabilities for CI were

lowest ranging from 0.02 to 0.18 (see Table 24). Estimates

for LMY and AMY ranged from 0.11 to 0.42 and from 0.10 to

Repeatability estimates for Mbaralirespectively.0.46,
farm were consistently lower than those for other farms.

If estimates of Mbarali farm are ignored, overall weighted

Uyole11
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lactationamong

Farm

Ihimbu Iwambi Kitulo Mbarali

d.f. 787430 728 566 1431178
LMY and AMY 7789 7772 65 64
LMY and CI 11 1242 27 418
LMY and LL 4572 4167 74

-23 -36LMY and DP -16-20 -29
-35 -49 -50-45AMY and CI -35-44
25 4AMY and LL 22 2830

-57-49-65AMY and DP -67-62
24 643963CI and LL 31
77 54and DP 53 8283CI

-42 -30-20-32and DP -27LL

Critical
169 969values 10

for sign.
at 5%

11 A second run of multivariate analysis of variance in
which DP and LL were excluded in order to increase
number of records

T raits 
being 
corre 
lated

Table 23: Within cow correlations (in %) 
performance traits

Uyole Uyole'1
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Table 24: Estimates of repeatability of milk yield and related

traits

Variable

Farm CI LL LMY AMY
Ihimbu

No. of cows 160161 159 160
No. of records 657 641 641618
Repeatabi1ity 0.3110.040.2910.040.0210.03 0.2210.04

iwambi
272No. of cows 272285 284

1023No. of records 1162 10231148
0.4210.03 0.4610.03Repeatabi1ity 0.1710.030.18±0.04

Kitulo
937937975No. of cows 1039

2169 21692352No. of record 2656
0.3710.020.3910.020.2210.03Repeatabi1ity 0.14+0.02

Mbarali
210210211No. of cows 211

859 859827No. of records 936
0.15+0.04 0.1110.03 0.1010.03Repeatabi1ity 0.0510.03

Uyole
498 498113No. of cows 498
1300 1300267No. of records 1300

0.2910.07 0.3210.03 0.3010.03Repeatabi1ity 0.1610.03

0.3710.010.2110.02 0.3610.010.1410.01means

1) Weighted by number of records (Mbarali farm excluded)

Weighted1^
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Milk composition4.4

Average percentages of milk components and their standard

deviations at Uyole farm are shown in Table 25. Buttei—fat

( BF ) , protein, total solids (TS), so 1ids-not-fat (SNF) and

and3.15,
coefficientsrespectively. column of ofThe0.73,

variation indicates that milk yield on test days was most

variable (46.2%), followed by BF, protein, SNF, TS in that

milk(8.2%). yields of1 eastorder ash Meanand was
constituents on test days were 0.303, 0.237, 0.894, 0.631

protein, andTS, SNF ash,forkg BF,and 0.047
respectively. Coefficients of variation for yield traits

larger (up to 5 times) compared with those ofwere much
concentrations.

Analyses of variance for concentrations and yields of milk
leastthe methodperformed bycomponents squares are

presented in Table 26. Among the factors included in the
analyses, parity made the least contribution to the total
variation of concentrations of milk components, accounting
for only 2% or less of total sum of squares. It was not a
significant (P > 0.05) source of variation for SNF and ash

ash average percentages were 3.89,

means (weighted by number of records used in estimation) 

were calculated to be 0.14±0.01, 0.21±0.02, 0.37±0.01 and 

0.36±0.01 for CI, LL, LMY and AMY, respectively.

12.10, 8.39
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Table 25: Un-adjusted means and standard deviations of test-

day milk yield (kg) and percentages and yields of

milk components

T rait std. dev.Mean C\/%n
BF 2423 3.89 0.97 0.78% 24.93
Protein % 468 3.15 0.52 16.51 0.44
TS % 10.00 1.131448 12.10 1.21

1.07SNF % 14.901400 8.39 1.25
Ash % 0.05507 8.220.73 0.06

2.7646.208.03 3.712466
0.1249.500.303 0.152423

46.41 0.080.110.237468
0.3043.620.390.8941448

47.54 0.230.631 0.301400
42.55 0.020.020.047507

1)

percentages. With exception of ash yield, all yield traits
significantly (P < 0.01) influenced by parturitionwere

number. BF percent was highest in second parity (4.0%) and
protein in third parity (3.37%), thereafter concentrations

On the other hand, percentages of TS and SNFdecreased.
(12.27f i rst cal versin andhighest 8.6%,were

respectively) and then declined with advancement in age.
Lowest concentrations were obtained in the fifth and above
lactations for TS and in the fourth lactation for SNF. All

Milk yield 
(kg) 
BF (kg) 
Protein(kg) 
TS (kg) 
SNF (kg) 
Ash (kg)

After accounting for effects of parity, year, month of 

lactation and recording month

Residual 
std. dev.”
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yield traits i ncreased with parturition number toup
fourth parity, following the test day milk yield trend
(Table 27 and Fig.3).

Effect of year of recording (Pi mportantnot >was an
0.05) source of variation on protein percent and yield, TS

Analyses of variance showing the relative importanceTable 26:
of parity, year, lactation month and recording month
on milk constituents’ percentages and yields

Percentage of total SS accounted for by:
Lact.mon.Model Parity Rec.mon.Vari able Year

BF % 36
Protein % 32
TS % 15
SNF % 27
Ash % 22

45
37
52 <
40 <
44
50 <

1) Milk yield used as covariate in the analyses of 
percentages.

TS (kg)

SNF (kg)

Ash (kg)

Milk (kg)

BF (kg)

Protein

Milk 
yield1*
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yield and ash yield on test days. effect accountedYear
for 1 ess than 1% of variation traits.total of these
However, yearly variations quite substantial ( P <were
0.001) on BF%, SNF%, test-day milk yield, BF yieldTS%,
and yield accountingSNF for and1 7 , 7, 159 , 4 , 1%,
respectively of their total sum of squares. Inspection of
the least squares means for BF%, SNF% and yields of milk,

(Tablesand 30)BF , TS and show that theseSNF 29
components decreased during the first three or four years
of sampling. No trend could be discerned on TS% indicating
year effect was erratic.

Stage of lactation significantly affected BF%, TS% and ash
percent ( P< 0.001) and to a lower extent protein percent

yield trai ts, of( 0.05 ) but SNF%. On stageP not<

i nf1uenti alsingle factor1actati on the mostwas
accounting for 14 to 36% of their variations (Table 26).
BF% was lowest in the second month of lactation and then
gradually increased to the tenth month. TS% had a similar
pattern. No distinct pattern can be noted for protein and

thei r 1owestthough percentagesSNF percentages were
of lactation.second month Al 1recorded in the yield

traits showed a uniform trend of values to decrease with
advancement of lactation (Tables 27 and 28; Fig.4).



140
Table 27a: Least squares means (LSM 1 s.e.) of BF, protein and

TS by parity and month of lactation

Milk component (%)
BF Protein TS

Factor LSMLSM LSMn n n

Parity

156 3.1810.047 475 12.2710.0731 724 3.9810.032

4.00+0.034 97 3.1710.056 360 12.2210.0822 594

12.1510.088107 3.3710.051 2553.9810.0374673

12.11±0.0113.87+0.045 47 3.2510.074 1404 304

3.14±0.064 218 11.8910.0963.72+0.045 61> 5 334

Month of lactation

12.2110.1383.3710.121 93183.8510.0651691
11.8610.1143.1110.076 146443.7710.0532 264

152 11.9110.1063.1610.0713.8210.051 483 258
11.9010.1113.1810.073 141453.7910.0522434
12.0410.1103.3110.080 1413.8110.051 382485
12.0110.1123.2010.075 13343236 3.8610.0526
12.2910.1151283.1210.080387 3.9410.055220

130 12.2410.1143.0910.07641206 4.0210.0578

12.3310.1201213.3010.0759 45188 4.0610.059
12.5010.0952633.3810.05910 108391 4.2010.043



141
Table 27b: Least squares means (LSM±s.e.) of SNF and ash

by parity and month of lactation

Milk component (%)

AshSNF

LSMFactor LSM nn

Parity
0.713 ± 0.0071548.60 ± 0.0724571
0.714 ± 0.0068.45 ± 0.080 1612 344
0.720 ± 0.0071018.45 ± 0.0853 252
0.719 ± 0.012248.40 ± 0.1084 135

67 0.716 ± 0.0088.51 ± 0.094> 5 121

Month of lactation

28 0.746 ± 0.0138.64 + 0.135901
50 0.721 ± 0.0108.29 ± 0.1111432
57 0.697 ± 0.0098.40 ± 0.1041453

0.703 ± 0.009598.36 ± 0.1091344
0.703 ± 0.009498.47 ± 0.1071385
0.696 ± 0.010428.48 ± 0.1091296
0.710 ± 0.010398.57 ± 0.1121237
0.732 ± 0.010438.59 ± 0.1121238
0.725 ± 0.0108.46 ± 0.117 481179
0.729 ± 0.008928.55 ± 0.09225810
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Table 28a: Least squares means (LSM 1 s.e.) of test-day yields

of milk, BF and protein by parity and month of

lactation

Yield of :(kg)

Milk ProteinBF

Factor LSM LSMLSM nn n

Parity
0.22710.008724 0.29410.005 1561 738 7.48±0.11
0.22510.0100.32710.005 978.42±0.12 5942 609
0.25310.0090.32410.006 1078.39±0.13 4673 470

0.33910.007 47 0.26910.013304309 9.0810.164
0.23710.0110.31410.007 613.8610.16 334> 5 340

Month of lactation

0.42310.009 18 0.36610.020169172 11.6610.221

0.28810.0130.39410.007 44267 10.9910.17 264o

0.26310.008 0.26310.012482589.5810.183 263

450.33110.008 0.26010.0132439.0310.182494

38 0.27110.0140.32010.0088.6510.18 2485 250

0.24110.0130.30910.008 432368.1710.182396

0.28510.008 38 0.20510.0142207.3010.192257
0.28210.008 41 0.18610.0132067.0610.208 213

0.25610.009 45188 0.18010.0136.3810.201929

0.23810.006 0.16110.009391 1085.6410.1439610
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Table 28b: Least squares means (LSM ±s.e) of test-day

yields of TS, SNF and ash by parity and month
of lactation

Yield of :(kg)

AshTS SNF

Factor LSMLSM LSMn n n

Parity

0.04810.002475 0.88810.020 457 0.63010.015 1541

0.05110.0020.94510.022 0.66110.017 1612 360 344

0.04810.002252 0.65310.018 101255 0.91710.0243

0.05510.003135 0.73610.023 244 1.03910.030140

67 0.05010.0020.69110.020> 5 0.95310.027 212218

Month of lactation

0.08110.0031.01310.027 28901.37410.0351 93

0.85110.023 50 0.06710.0031.18310.029 1432 146

57 0.05810.0030.72610.0221451.02010.0283 152

0.05310.0020.70810.023 591341.00110.0301414

0.67910.023 0.05010.003491380.95710.0295 141

0.65010.023 42 0.04310.0031290.91710.0301336

0.04210.0030.59610.024 390.84210.031 1231287
0.57110.024 43 0.04310.0031230.80810.0311308
0.51110.025117 48 0.03610.0030.73510.0329 121

0.43910.019 92 0.03010.0020.64510.024 25826210
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Month of testing (recording) was observed to have a highly

and
yields of all milk components. It was the most important
source of variation of concentrations of milk components,

sum ofaccounting for 2 to 12% of their respective total
squares, and the second most important factor (after stage

(Table1actati on) yields of milk components 26 ) .of on
and 30 andLooking at the least squares means (Tables 29

a) Milk yield on test-daysrig- it is evident that:5 ) ,
rainy months (January to April)was highest the andi n

(July to October). b)in1owest the dry
Percentages of BF behaved oppositely. BF% values were high

i n December-Apri1(4.24-4.33%) 1 owandin July-October
and SNFTS percentages(3.44-3.85). However,months

followed the trend of test-day milk yield. c) Yields of
all milk components followed the pattern of test-day milk
yield, implying that their yields were highly dependant on
the yield of milk.

Correlations

Milk yield on test days had strong negative correlations
with BF% ( -0.47) and protein percent (

correlation (0.42) with SNF%. Ash percent had aposi ti ve
association with test-day milk yield and SNF% (Tableweak
BF% and protein percent had a correlation of 0.59.31 ).

-0.53) but had a

significant (P <

season months

0.001) influence on concentrations
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Least squares means (LSM +s.e.) of BF and TS byTable 29a:

year and month of recording

Milk component (%)

TSBF

LSMFactor LSMn n

Year of recording
4.52 ± 0.0461986 352

13.18 ± 0.219391987 630 4.02 ± 0.031
11.97 ± 0.050629687 3.28 ± 0.0311988
12.28 ± 0.0514.07 ± 0.034 6105841989
11.09 ± 0.1071703.67 ± 0.0671701990

Month of recording

12.28 ± 0.1321053.49 ± 0.057202Jan
12.67 ± 0.1101583.67 ± 0.048Feb 273
12.54 ± 0.1291063.85 ± 0.064164Mar
12.40 ± 0.1103.71 ± 0.051 146239Apr
12.31 ± 0.1063.95 ± 0.056 162202May
12.14 ± 0.1154.08 ± 0.063 144173Jun
12.02 ± 0.1194.33 ± 0.062 128Jul 177

57 12.17 ± 0.1684.28 ± 0.076117Aug
4.25 ± 0.053 73 12.09 ± 0.150235Sep

125 11.48 ± 0.1204.24 ± 0.054225Oct
3.66 ± 0.054 123 11.81 ± 0.122234Nov
3.44 ± 0.060 121 11.64 ± 0.111182Dec
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Table 29b: Least squares means (LSM ±s.e.) of SNF and ash

percentages by year and month of recording

Mi Ik component (%)

AshSNF

Factor LSMLSMn n

Year of recording
1986
1987 35 9.67 ± 0.217
1988 621 8.63 ± 0.048

0.730 ± 0.004574 8.19 ± 0.050 4421989
65 0.703 ± 0.0117.42 ± 0.1021990 170

Month of recording

9.02 ± 0.13099Jan
9.24 ± 0.106Feb 15
9.08 ± 0.124106Mar

± 0.01933 0.7028.93 ± 0.106145Apr
0.703 i 0.0078.58 ± 0.105 86151May
0.741 ± 0.010698.25 ± 0.113134Jun
0.7397.85 ± 0.115 58 ± 0.010Jul 126
0.73453 ± 0.0108.00 ± 0.16355Aug

59 0.716 ± 0.0108.25 ± 0.14572Sep
7.73 ± 0.117 58 0.672 ± 0.010119Oct
8.60 ± 0.118 58 0.735 ± 0.010121Nov

33 0.7038.23 ± 0.108 ± 0.012115Dec
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Least squares means (LSM ± s.e.) of test-day yieldsTable 30a:
of milk, BF and TS by year and month of recording

Yield of: (kg)

BF TSMilk

Factor LSM LSMLSM nnn

Year of recording
352 0.435±0.00710.16±0.161986 352

0.326±0.005 39 1.011±0.0598.56±0.11 6301987 633
0.245±0.005 629 0.930±0.0136871988 694 7.76±0.11
0.300±0.005 610584 0.921±0.028617 7.59+0.121989
0.291±0.010 170 0.932±0.0281701990 170 8.17±0.24

Month of recording

202 0.346±0.008 10510.39±0.19 1.182±0.034Jan 208
Feb 273 0.340±0.007 158274 9.49±0.17 1.148+0.029

164 0.354±0.010 106 1.151±0.034Mar 164 9.60±0.22
8.98±0.18 239 0.326±0.008 146 0.970±0.030239Apr

211 8.31±0.19 202 0.314±0.009 162 0.906±0.028May
8.46±0.22 173 0.334±0.009 144183 0.963±0.031Jun

Jul 179 7.67±0.22 177 0.325±0.009 128 0.872±0.032
6.42±0.27118 117 0.270±0.011Aug 57 0.770±0.045

236 7.20±0.19Sep 235 0.310±0.008 73 0.703±0.040
Oct 231 7.59±0.19 225 0.321±0.008 125 0.809±0.032

236 8.35±0.19Nov 234 0.292±0.008 123 0.939±0.033
187 8.89±0.21Dec 182 0.302±0.009 121 0.968±0.030
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Least squares means (LSM ± s.e.) of test-dayTable 30b:
yields of SNF and ash by year and month of
recording

Yield of: (kg)

AshSNF

LSMLSMFactor nn

recordingYear of

1986
0.740 ± 0.0471987 o c

0.683 ± 0.0106211988
0.051 ± 0.0010.628 ± 0.011 4425741989

65 0.051 ± 0.0030.647 ± 0.0221990 170

recordingMonth of

0.874 ± 0.02799Jan
0.845 ± 0.022Feb 157
0.849 ± 0.026Mar 106
0.703 ± 0.023 33 0.056 ± 0.003Apr 145

0.053 ± 0.0030.639 ± 0.022 86May 151
0.668 ± 0.024 69 0.057 ± 0.003Jun 134

Jul 0.577 ± 0.025 58 0.055 ± 0.003126
0.047 ± 0.0030.512 ± 0.035 53Aug 55

0.484 ± 0.031 59 0.040 ± 0.003Sep 72
Oct 0.557 ± 0.025 0.036 ± 0.003119 58
Nov 0.687 ± 0.025 58 0.054 ± 0.003121
Dec 0.697 ± 0.023115 33 0.054 ± 0.003
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is clearly observedBelow the diagonal of Table i t31 .

that yield traits were positively and strongly correlated

( r=0.76 to 0.98) among themselves.

namely;Three major observations can be made on Table 32,
protein negati ve1ya) concentrations of andBF were

correlated with yields of all milk components (except for
b)which -0.00); andyield TS SNFand BFBF% was

positive correlationthehad, contrary,percentages on
c) hadand ashwi th yield characters percent no

r= -0.04 to 0.09) with yields ofsignificant correlation (
milk constituents.

4.6 Day-to-day variation of milk yield and composition

Milk yield
Analysis of both morning and afternoon milk yields in the

(Table 33) shows that variation due to day oftwo farms
0.001 ) Thimbusignificant (P at andmi Iking at<was

Uyole. Milking time was an important source of variation
Thimbu. Interaction0.001 ) Uyole but(P not atat>

between milking day and time was significant (P < 0.001 )
necessitated analysing morningThisfarms.both andat

afternoon milk yields separately (Table 34). Both morning
and afternoon milk yields were highly (P <0.001)
influenced by effects of cow and day. Total daily yields
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Table 31: Phenotypic correlations among milk components’

Test-day
Ashmilk yield Protein SNFBF TS

Test-day
-0.07milk yield 0.42-0.47 -0.53 0.12
0.16-0.240.59 0.38BF 0.84
0.21Protein 0.87 0.23 -0.140.90
0.190.810.95 0.86 0.88TS
0.100.980.76 0.83SNF 0.93

0.94 0.92Ash 0.83 0.880.98

Note: Critical values for significance are: P < 0.05 0.159
P < 0.01 0.208

Table 32:

Percentage of:
Protein SNF AshTSYield of: BF

0.35 0.36 0.01-0.30-0.00BF
0.22 0.42-0.23 -0.04Protein -0.31
0.37 0.60-0.45 -0.03-0.33TS
0.36 0.64-0.47 -0.04-0.42SNF

-0.52 0.12 0.40Ash 0.09-0.44

Note: Critical values for significance are: P < 0.05 = 0.159
P < 0.01 = 0.208

Phenotypic correlation coefficients between milk 
components’ yields and percentages (d.f.= 140)

percentages (above diagonal), yields (below 
diagonal) and with test-day milk yield (d.f.=140)
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were also significantly influenced (P < 0.001) by between
cow and day variations.

deviations of milk yieldsMeans and standard for both
farms are shown in Table 35. At Uyole cows produced 440 g

in the morning than in the afternoon while atmilkmore
Un-adjustedThimbu difference standardthe 50was g.

deviations for daily milk yields at Uyole and at Thimbu

respectively while correspond!ng3.03 and 2.35 kg,were

residual standard deviations (within cows) and1.71were
Day-to-day variation within cows was,0.65 kg (Table 35) .

much higher at Uyole than at Thimbu.therefore,

Analyses of variance for milk yield (morningTable 33:
and afternoon) at Uyole and Thimbu farms

Uvole Thimbu
dfdf MS MS

67.40 *** 34 54.82 ***44Cow
20 4.53 *** 20Day 1.46 ***

Time (am vs pm) 92.05 ***1 1 0.67 ns
Day x time 20 13.12 ♦** 20 0.68 ***
Residual 1804 1.43 1394 0.18

11 Effect of cow was absorbed in the analysis

Source of variation1-'
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Table 34: Analyses of variance of morning and afternoon milk

yields (separately) and daily yields for both farms

Source of MS
variation Morning +Farm df Morning Afternoon

Afternoon

Uyole 134.87 ***37.64 *** 31.15 ***Cow 44
20 7.45 *** 10.20 *** 9.06 ***Day

Residual 1.47880 1.39 2.91

Thimbu 109.64 ***26.80 *** 28.16 ***34Cow
1.15 *** 2.93 ***20 0.99 ***Day

Residual 0.18 0.42680 0.18

Means and standard deviations (within cows acrossTable 35:
days) of morning and afternoon milk yield

std dev. CV %MeanVariableFarm

Morning milk yield 5.32 1.18 22.18Uyole
Afternoon milk yield 4.88 1.21 24.79
(am + pm) mi Ik yield 10.20 1.71 16.76

Morning milk yieldThimbu 3.94 0.43 10.91
Afternoon milk yield 3.99 0.42 10.53
(am + pm) milk yield 7.93 0.65 8.20
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Mi Ik constituents

The average daily milk yield and percent composition of
milk from in Uyol ethe weeks samplingtwo study i s

in ofpresented Table Table the analysesshows36. 37
var i ance of variables. Variationthe between wascows
significant for all traits. Effect of day of milking was
significant (P < 0.001) for milk yield but not for milk
components (P > 0.05).

corre1ati ons between consecutive dailyWithin mi 1 kcow
i n Table i syields shownand 36 . Itcomponents are

important to note that protein had thecontent poorest

r=0.25) whereas ash was almostrepeatabi1ity ( constant
Intra-cow day-to-day variations in milkfrom day to day.

yields were higher in Uyole records ( r=0.68 and 0.82 for
respective 1y)experimental days, butandOctober 1982

relatively stable ( r=0.92) in Ihimbu records. The within

milk yield,deviations for BF, TS,standard SNF,cow
kg,1.51 0.11,protein and ash 0.16,percentages were

0.003 percent units, respectively (Table0.19 and0.14,

37) .
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Table 36: Un-adjusted means, standard deviations, within cow

standard deviations and intra-cow correlations of
daily milk yield and milk components from the two weeks
sampling study at Uyole

Variable Meann

Milk yield 0.81182 3.51 1.516.84
0.830.113.71 0.25BF % 182
0.250.16Protein % 0.19182 3.16
0.980.1412.50 1.15TS % 182
0.950.191.06SNF % 182 8.80
1.000.0030.06Ash % 0.75182

Mean squares from analyses of variance of milk yieldTable 37:
and milk components from the two weeks sampling
study

Mean square for:

ResidualDayVariable Cow

18213d.f. 14

2.2775Milk yield

0.0118BF"

0.0293Protein %

0.0186TS%

SNF55 0.0351

Ash% 0.0000

14.450**’

0.010ns

0.047ns

0.012,s

0.017ns

0.000ns

141.099*“

0.755*“

0.142*“

19.558*“

16.283***

0.053*“

s.d. s.d.within cows intra-cow correlation
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4.7 Part and cumulative milk yields

Effects of non-genetic factors4.7.1

Monthly average milk yields in all data sets followed the

norma 1 lactation curve with peak production in the second
or third month of lactation and then gradually declining
(Appendix Tables 2 and 3). Standard deviations of monthly
milk yields decreased from the beginning of lactation to

minimum between the fifth varyingseventh month,anda

thereafter inclined to the end ofwith farm or data set,
cumu1 ati vedeviations1actati on. for month 1yStandard

yields increased with advancement of lactation.

Mbarali and Uyole were analysed forRecords for Thimbu,
and periodpari ty, of calving witheffects of season

current CI as a covariate (Tables 38-40). Effects of year,
year interaction andcalving month, farm, farm xpari ty,

Iwambistudied in Ki tuloand recordsCIcurrent were
proportion of total(Tables The of41-44). sum squares

varied betweenaccounted for by the model farms or data
featurebut there that thesets, modelwas a common

1 ess and 1 essfor of total variationaccounted as
1actati on advanced. analyses ofIn most andpart
cumulative yields the model accounted for 20% ofover

with highertotal of values obtainedsquares, insum
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analyses of cumulative yields. Kitulo records made in and

after (data sets were surprisingly1 984 3 and 4 ) very
prescri bedpoor1y (often be 1 ow explained the1 5% ) by

model . Contrary to other data sets,
explained by the model as lactation advanced.

Effect of parity

Parity accounted for from less than 1 to 22% of total sum
records during f i rstmonthly milk the 6of ofsquares

MbaraliThimbu, Uyole.1actati on andof atmonths
1actati ondecreasedfactorof thisImportance as

progressed, being an unimportant source of variation from

the seventh month of lactation. On Iwambi and Kitulo data,

variation intotalofthanexplai ned 1 ess 3%pari ty
monthly milk records and no trend could be discerned.

Analyses of variance on cumulative monthly yields revealed
highly significant i nf1uence al 1that parity had ona

cumulative yields accounting for 9-19%, 4-6% and 17-25% of

MbaraliThimbu,in and Uyol evariationtotal records,
i nfluence, however, decli nedrespective 1y. Its

seventh month of lactation onwards. Parity accounted for
less than 3% of total variation of cumulative milk yields

Iwambi Kitulo farms, butof and significant. Itwas
appeared parity was a very important source of variation

data set 4 was more

from the
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lactation recordswhen a 11 Thimbu,were pooled (case of

Mbarali and Uyole) and has to be corrected for during the

first 1actati onsi x months of for month 1yboth and
cumulative yields.

Effect of period or year of calving

important factor Ihi mbu,Period secondthe most onwas
Mbarali and Uyole records. Magnitudes of influence varied

On Thimbu records,between farms and stages of lactation.
variation inof total theperiod accounted for 5-11%

1actati on but onlyof from thebeginning and end 2-3%
1actati on. Mbaralimonth of recordsfourth ei ghthto

revealed a decrease from 26% in the second month to 5% in
1actati onof whereastenth month Uyolethe eighth to
important in therecords showed that period was first 7

months during which it accounted for 5-15% of total sum of
squares. Iwambi and Kitulo records were analysed for year
effect and was observed to significantly influence monthly
records except Kitulo first lactation records made during

3). thisperiod (data dataInset1984-90 set, year
accounted for less than 1
larger influence during late lactation.

analyses of variance of cumulative monthlyA glance on
yields shows a similar pattern as one described above on

to 6% of total variation with a
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ANOVA of part and cumulative milk records of IhimbuTable 38:
farm showing the proportions of total sum of squares
accounted for by parity, season, period of calving
and calving interval

Percentage of total SS accounted for by:Month of
PeriodVariable lact. Model CIParity Season

Monthly 1 22 < <
412 <<average

yield 353 < <
304 <<

5 22 <<
86 < <
77

118
209
2610

Cumulative
yield <36 <2

40 <3 <
41 < <4
415 < <
37 <6 <
327 < <
268 < <
209 < <
1510

Superscripts: 1 P < 0.001
P < 0.012

3 = P < 0.05
4 = not significant P > 0.05

3-
i

31
22

< 1
13

81 
15’ 
161 
14’ 
12*
5'

< 1̂
4

32

14' 

17’ 

181 
19' 
191 

17’ 
161 
121 
91

r‘ 
3' 
22 

1

CI2

r
14

14

14

14 
^2 

31

5’ 
5'

3'

3'
3'
3'
2'

13

14

14

14

5’
11’

61
22

31
23
22
32 

5’ 

5'

14

14

14
14
14

14
2

5’
61 
7’

14
1*
14

14

14
14

14

14

13

7'

7'
6’
61
81

4'
31
22
22

14

14

14

14

14
14

14

14

13

< 1
I

< 1
4

< 1
4
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lable 39: ANOVA of part and cumulative milk records of Mbarali

farm showing proportions of total sum of squares
accounted for by parity, season, period of calving
and calving interval

Percentage of total SS accounted for by:
Model PeriodParity CISeason

44Monthly 91
mi Ik 2 41 <
yield 3 34

274
165

6 14
117
88
89

< 1< 11010

Cumulative
i 4yield 272

333
354
335
326
317
288
269

< 1 < 12310

P < 0.001Superscripts: 1
P < 0.012
P < 0.053

4 = not significant P > 0.05

1-
4

< 1

< r
I

CI2

< 1
31

22

22
J

2 s

7'
61

5'
32

32

2i

24
4

< 1
12

4

< 1
22

31

< 1
22

31

< r 
r
12

< 1
14

r
4

61

61

61

61

61

o'

5'

45

4’

61 

261 

2l' 

17’ 

12’ 

101

81 

5’ 

5’ 
5’

16!

20’

211

21’

21’

201

19!

17!

161

21
22

22

22

13

14

14

< V
< 14

Month of 
1 act.

Variable

< 1
4

< 1
4

< 1
4< 1
4

< 1
4

< 1
4< 1
4

< 1
4

< 1
4

< 1
4

< 1
4< 1
4< 1
4

< 1
4< 1
4

< 1
4

< 1
4< 1
4

< 1
4

< 1
4

< 1
4

< 1
4

< 1
4

< 1
4< 1
4
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Table 40:

Percentage of total SS accounted for by:

Model PeriodParity Season CI
Monthly 1 37
milk 2 48
yield 3 42 <

454 <
5 42 <

326 <
7 20 <
8 7

129 <
3110 <

Cumulative
yield 472

493
514 <
525 < <
526 < < <
507 < < <
468 < <<
419 < < <
3610 < < <

P < 0.001Superscripts: 1
P < 0.012
P < 0.053

4 = not significant P > 0.05

ANOVA of monthly and cumulative milk records of
Uyole farm showing the proportions of total sum of
squares accounted for parity, season, period of 
calving and calving interval

221

221 

181 

19* 

151

101

42

24 

14 

14

9'

11'

121

14'

14'

141

14'

121

121

14

14

14

14

14

32

51

24

14

14

< 1
14

5'

131

51 

121 

121 

14' 

15' 

101

7' 

14 

14 

14

14

12

14

14

14

14

14 

r
4'

91

ci2

12

13

13

14

14

14

14

14

14

25'

25'

25'

25'

24'

23'

21' 

19' 

171

14

22
4

13

13

11

11

14

14

14

14

14

12

14

14

14

14

14

14

14
4 r

Month of 
lact.

Variable I

< 1

< 1
4

< 1
4

< 1
4
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Table 41: ANOVA of monthly and cumulative milk records of data

Percentage of total SS accounted for by:
Model Year(Y) Month Farm(F) FxY CI

44Monthly 371
milk 2 56 <
yield 563

4 41
5 40
6 31
7 27

278
9 26

10 26 < 1

Cumulative
yield 2 51 < <

573 < <
574 < <
575 <<
556 < <

7 53 < <
8 51 < <

499 < <
4710 < <

P < 0.001Superscripts: 1
P < 0.012
P < 0.053

4 = not significant P > 0.05

CI*

set 1 (Iwambi/Kitulo, first lactation) showing the 
proportions of total sum of squares accounted for by 
various factors

< 1
4

< 1
13

21

21

21

2'

21

21

31

31

31

31

< 1
21

23

22

21

31

31

31

3’

32

22

21

3’

3'
31

31

31

21

21

21

81 

17' 

14' 

121 

101

81 

7' 

61 

91 

7'

3"
21

21

23

31

21

4'

5'

31

32

21
21

3'

31

31 

1'
4

141 

15' 

16' 

161 

15' 

15* 

141 

14' 

14'

V 
31 

31 

4' 

8' 

8' 

6' 

5'

32 

33

14

14

14

14

14

14
1 4

14

14

< 1
14

I

14

14

14

14

14

14

14

14

14

Month of 
lact.

Variable

< 1
4

< 1
4

< 1
4 < 1

4< 1
4

< 1
4

< 1
4

< 1
4< 1

4

< 1
4

< 1
4

< 1
4

< 1
4

< 1
4

< 1
4
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Table 42: ANOVA of monthly and cumulative milk records of data

set 2 (Iwambi/Kitulo, second and later lactations)
showing the proportions of total sum of squares
accounted for by various factors

Percentage of total S3 accounted for by:

Variable CIModel Parity YxFMonth

2121 41231
21 111112 40

10111 913 37
91 1014 32

71 6111 71275
61 11226

21 1141 3151177
21 3141S 18

612321169
101132110

915111362

11111403
91394

319111395
31 101376

51347
914112328
a1 1191 11309

11 71312910

Superscripts: 1 = P < 0.001
2 = P < 0.01
3 = P < 0.05
4 = not significant P > 0.05

Monthly 
milk yield

Cumulative 
yield

Month of 
lact.

Year 
(Y)

Farm 
(F)

21

91

41

91

a1

61

31

21

7’

21

41

61

31

61

61

CI2

21

11

21
21

31

32
22

51

a1

2Z

11
91

11

a1

21 a1

91

31

21

91

12

21

41

<13

61

61

<12
<14
<12

81

<13
<13

<14
111

<14

111

<14

<14

<14

<13

<13
<14
<14

<14

<14

<14

<14

<14
<14

<14

<14

<14

<14

<14

<14

<14

<14

<12

<14

<14

<14 <14

<14

<14

<14

<14
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Table 43:

Percentage of total SS explained by: 

Variable Model Month CIYear
51
62

yield 33
44

5 4
36
77

8 11
129
1110

Cumulative 62 <

yield 3 5 <

4 4 <

<5 4 <

36 < <

37 < <

38 < <

39 < <

10 4 < <

2

P < 0.053

4 = not significant P > 0.05

Superscripts: 1 = P < 0.001

P < 0.01

Monthly 
milk

Month 
of 
lact.

ANOVA of monthly and cumulative milk records of data 
set 3 (Kitulo, first lactation) showing the 
proportions of total sum of squares explained by 
various factors

13
4

< 1
22

5’

< 1

2"
4’

r’
4

< 1
11

34 

e’ 
61

34

24

44

21

34

34

24

34

34

24

24

34

34

21

21

24

21

21

2l 

r

14

r
4

CI2

r
r

4

14
<

14

14

14

11

14

11 

r

< 1 

r
14

11

12

14

14

11

11 

r
14 

r 
r

< 1
i

< 1

< 1
4

< 1

< 1
4

< 1
1< 1
4

< 1
4 < 1

4

< 1
4

< 1
4

< 1
4

< 1
4

< 1
4

< 1
4

< 1
4

< 1
4
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lable 44:

Percentage of total SS explained by:

Variable Model Parity Month CIYear
<Monthly 1 4 < <

milk 2 9 <<
yield 3 9 < <

4 9 < <
5 11 < <

116
7 11
8 11

149
10 18 < 1

Cumulative 2 7 < <

yield 83 < <

94 < <

95 <<

96 < <

97 <

108

109

1010

P < 0.001
P < 0.01
P < 0.053

4 = not significant P > 0.05

Month 
of 
lact

Superscripts: 1
2

CI2

ANOVA of monthly and cumulative milk records of data 

set 4 (Kitulo, second and later lactations) showing 

the proportions of total sum of squares explained by 

various factors

r
24

4'

4’

51

4'

41

41

24

r

< 1
2

21
31

3*

21

21
4

14

2*

22

32
32

32
32
32
22

11

11
14
14

14
12

21

21
5’

7’

11
14

14

14
14

11
21

31 

7’ 

101

22

61

5'

31
41
13

22
12

13

12

41 
5' 

5'

61 
5' 
4'

41 
3'

3'

14

14

14

14

12
12

12

1’
21

14
14

14

14

12
12

1'

2!

31

< 14

< 14

13

12

2'

2'

21
21 

2'

< 1
1

< 1
4
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Ihimbu and Mbarali data. trend could be detectedNo on
Uyole and Iwambi/Kitulo records. Year was not an important
source of variation (accounting for one or less than 1% of
total variation) on Kitulo first lactation records made in
the 1984-90 period (data set 3).

Effect of season or month of calving

Season of calving thi rd important factorthe mostwas
influencing average monthly and cumulative yields. Season

1-5% of ofandaccounted for 1-3, 1 -3 sum squares on
Ihimbu, Iwambi and Uyole monthly records, respectively. It

significant source of variation during the first 4-5
first two farms. Effect of1actation in themonths of

month of calving on monthly yields in data set 1 to 4 was
accounting for 1-10% of their total variation.

cumulati ve month 1 y yieldsofEffect season on was
important in the first 6 months of lactation of Ihimbu and

Cumulative monthly yields at Uyole wereMbarali records.
of calving, accounting foraffected bynot season one

percent or less of total sum of squares. Month of calving
significant source of variation on most cumulative

and but inyields in data set 1 , 2 data4 not set 3
(Kitulo first lactation records of 1984-90 period).

was a

was a
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Calving interval (CI)

Influence of current calving interval on milk yield is due

effect of thedepressiveto the pregnancy.new

Consequent1y, its effect should be exhibited towards the
lactation. Analyses of monthly and cumulative milkend of

important as from the sixth
but varying with farm. There1actationofmonth was a

i tsharp increase in effect towards the tenth month when
accounted for up to 18% of total variation (if linear and
quadratic terms are summed up). It is worth to note that
CI had almost no influence on cumulative yields of Ihimbu,
Mbarali and partly Uyole farms. Cumulative records of the

si gni ficantlyfarm1atterfirst ofmonths the4 were
affected by CI (Table 40), surprisingly.

Effect of farm and farm x year interaction

Iwambirecords of Ki tuloin andFarm differences part
Tables 41 and 42) accounted for(data set 1 and 2; <1-3%

variation of monthly and cumulative records.of total It
significant source of variation on monthly records

of the first 6-7 months of lactation and on all cumulative
records.

The interaction term was also significant accounting for

was a

yields revealed that CI was
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2-5% of total sum of squares of first lactation records
(data set 1) and 2-11% later lactations (data set 2:i n

Table 1atter,42 ) . In the i mportancethe decreased as

lactation advanced.

4.7.2 Correlations among monthly, among cumulative milk

yields and between these and 305-day milk yield

correlation coefficients between monthly yieldsParti al
and cumulative yields are shown in Tables 45 and Appendix

adj acentCorrelationsTables between10.4 to average

monthly yields were higher than for those further apart.
Milk yield in the first month of lactation was often very
poorly associated with milk yield in the seventh to tenth

With exception of Uyole datamonth of lactation. inset
records of the second to fifth month of 1actati onwh i ch

had highest correlation with 305-day milk yield, i n al 1
records of around mid lactation (fourthother data sets

to eighth month) had highest correlation with 305-day milk
records made during the dailyyield. Comparison between

recording period (data set and 2) and those1 when two
monthly tests were recorded (data set 3 and 4) i ndicates

differencesalmost i n correlationthat there were no
coefficients.

Correlations between cumulative monthly yields were higher
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lable 45: A summary of correlation coefficients (x 100)

between monthly and cumulative yield with 305-day
milk yield

Month of

lactation Ihimbu Mbarali Uyole 2 3 41

Monthly yields
451 36 54 42 50 4844

6774 69 70 712 62 60
75 78 7070 71 76 763

7475 76 74 79 76744
7573 78 80 8275 765
7769 81 81 80796 76

77 7582 8379 697 78
74 7083 816676 818

77 68 6658 80749 70
67 50 557151666010

Cumulative yield
69 65 6671 6156 622
78 7779 73 7672683

80 82 84 838478764
85 87 89 888083835

91 90 91 93 9288886
95 94 9594 9593927
97 9797 98 9897968
99 9999 9999 99999

1) Data set 1: First lactation Iwambi/Kitulo of 1976-83
Data set 2: Second and later lactations of 1976-83
Data set 3: Kitulo first lactation records of 1984-90
Data set 4: Kitulo second and later lactations of 1984-90

Farm or data set •
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than those between monthly yields. corre1 ationsFurther,
between cumulative yields and 305-day yield increased as

the cumulative period increased.

4.7.3 Extension factors

Based on the facts gathered in the analyses of variance of

monthly and cumulative yields, the most important factors

for correcting part yields were parity, year and season of

parity and seasoncalving. importantFurther,

f i rstvariation during months ofthe 6ofsources

of farm avoided byEffect be extendi ng1actation. can

separate 1y. effect i sfarm Yearfor eachrecords

eliminated by making computations on annual basis or for

is oftenCalving interval knownnottwo adjacent years.

i gnored.behence Itrecordsextendingwhen can was

justified to handle first and later lactations separately
sub-classes and dryseasonal wettoand reduce season.

Ratio and regression extension factors were derived for
the four sub-classes and the results are shown in Tables
46 and 47.

were most
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Table 46: Ratio extension factors for estimating the remaining

part of lactation from the last test-day yield for
first and later lactations commencing in the wet and
dry season

Month of First lactation Later lactations
1actation

Wet season Dry seasonWet season Dry season

7.12 8.469.211 8.31
6.075.176.906.15o

4.51 5.255.715.153
3.88 4.364.644.404
3.27 3.543.715 3.68
2.65 2.782.943.036
2.00 2.022.162.317
1.36 1.341.481.598
0.72 0.690.740.769

1531 1317739No. of lactat. 558
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Table 47: Regression extension factors for first and

subsequent lactations commencing in the wet and dry
season

Month of First lactation Subsequent lactations
lactation

Dry season Wet season Dry seasonWet season

b bb aa a

Monthly yield
53.7 3.243.51 43.5 3.603.28 44.646.21

5.18 24.7 5.5322.0 5.89 20.95.592 21.1
5.9615.8 5.98 21.618.9 6.106.353 14.7

18.714.9 6.56 6.4017.4 6.216.1418.44
15.7 17.9 6.796.83 7.1213.36.825 16.4

7.25 23.0 6.6621.618.0 6.706.8820.96
6.98 26.8 6.716.01 28.926.26.7325.97
6.425.77 39.8 38.4 6.0432.66.6631.08
5.60 50.7 5.355.27 51.040.56.009 39.1
4.96 62.0 4.764.76 60.248.95.0750.010

Cumulative yield
25.02.82 21.3 2.76 3.0127.32.7426.02

2.20 11.7 2.15 13.5 2.3618.62.2214.93
1.82 6.3 1.77 6.7 1.9412.21.868.14
1.59 2.1 1.546.8 2.3 1.651.623.45
1.44 -0.4 1.38 -0.9 1.451.44 2.00.56

-1.0 1.31 -2.3 1.25 -3.0 1.311.30-1.37
1.19 -2.7 1.161.18 -2.2 -3.6 1.18-1.88
1.09 -2.0 1.07-1.81.08 -2.3 1.08-1.69

1)
2)

a is the intercept
b is the regression coefficient

b‘a1
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4.8 Lifetime performance traits

4.8.1 Association between early life and lifetime traits

trai ts in TableAverages for herd 1i fe shown 48.are
lifespan ranged from 2337 days (6.4 years)Average total

(8.5 years) Length ofat Ihimbu.at Uyole to 3104 days
longest at Mbarali (2071 days orproductive life was 5.7

Uyole (only daysshortest 1154 3.2andyears) at or
1i feti memi 1 k produced in of thetheyears). T ota 1 cow

and forkg798 7350averaged 1 2 522, 8132, 1 110 925,
Mbarali Uyole farms,Iwambi, Kitulo, andihimbu,

respectively. Number of lifetime calvings were highest at
least at Kitulo and Uyole where(5.8 times) andMbarali

cows calved on average about 3.5 times. Average milk yield
lifespan ranged between 2.9 and 3.5 kgper day of total

while milk yield per day of productive life ranged from
4.8 to 6.1 kg.

Age at first calving was generally negatively associated
with lifetime traits (Table 49). However in three of the

Mbarali and Uyole) most correlations werefarms (Kitulo,
not significantly different from Fi rst 1actati onzero.

significantly and positivelymilk yield correlatedwas
mi 1 k1i fetime production trai tswi th but had varied

association with duration (period) lifetime traits.
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f i rstAnnualized s i mi 1 ar1actation yieldmi 1 k had

associations with lifetime traits. The first inter-calving
period was negatively correlated with length of productive
life, productive life up to last calving date, total mi 1 k
produced and milk produced to last calving date at Ihimbu

0.001 ) and at Iwambi In the remaining0.05).( P ( P< <

studiedfarms, there were weak associations between the
Lactation length in the first lactationcharacters. was

poorly associated with lifetime traits.

regressi on analysesmultiple therunni ng forwardIn
i ntroducti on i ndependentsequent!' al ofofprocedure

three- and f our-vari abIes resulted two-,one-,in many
prediction equations. The besti ndependent factor

prediction equations for lifetime milk production, judged
eachits significance, for farmof andby level are

reported in Table 50.
Three major observations were made on the results:
a) Age at first calving was negatively related to lifetime

mi 1k production,
in

2

R"

b) First lactation milk yield was particularly useful 
predicting lifetime milk production, either singly or 
with age at first calving and/or first calving
i nterval,

c) Almost all R' values were below 50% suggesting that the 
independent variables used did not explain much of the 
total variation in lifetime milk yield.
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Table 49a: Phenotypic correlations between early life and

lifetime traits

Farm

Ihimbu Mbarali UyoleIwambi Kitulo
-0.081AFC and TL

AFC and PL
AFC and PLLC

and TMAFC
AFC and TMLC
FLMY and TL
FLMY and PL
FLMY and PLLC
FLMY and TM
FLMY and TMLC
FAMY and TL
FAMY and PL
FAMY and PLLC
FAMY and TM
FAMY and TMLC

= Age at first calvingAFC

= First calving intervalFCI

= Total lifespanTL
= First lactation lengthFLL

Productive lifePL

PLLC = Productive life to last calving date
= Total milk producedTM

TMLC = Total milk produced to last calving date
FLMY = First lactation milk yield
FAMY = First annualized milk yield

Traits being 
correlated

0.29'
O.273
0.051

-0.32" 
-O.262 
-0.54’ 
-O.472

0.1?
0.351

0.301 

0.47’ 

0.441 

0. 102

0.321

0.30' 
0.581 

0.551

0.22'
0.51’

0.50'

-0.29"
-0.43’

-0.471

-0.481

-O.2O4 
-0.071 
-O.2O2 
-0. 101 
-0. 192-0.49

0.05’

0.06’

0.10’

0.29-
O.262

0.1?
0.2?

0.192 

o.o? 
-0.0? 
-0.162 
-0. 142

0.13' 
0.341 

0.351 

0.431 

0.43'

0. 131 

0.331 

0.351 

0.4? 
0.42’

0.41- 
0.283 

0.1 ? 
0.052

-0.0? 
0.30‘‘ 

0.195

-O.O22 

-0.154 

-0.1? 
-0.362 

-O.3O3 

0.092 

0.133 

-0.042 

0.441 

0.341 

0.0? 
0.042

-O.O54 

0.471 

0.39'
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Table 49b: Phenotypic correlations between early life and

lifetime traits

Farm
Ihimbu UyoleIwambi Kitulo Mbarali

-0.21d 0.04dFCI and TL
FCI and PL
FCI and PLLC
FCI and TM
FCI and TMLC
FLL and TL
FLL and PL
FLL and PLLC
FLL and TM
FLL and TMLC

The best prediction equations for total lifetimeTable 50:
milk production in each farm

Regression equationFarm n

YTll=27561- 8.0 X< + 3.9 X 40Ihimbu 68

52Iwambi 31

28Kitulo 48

13Mbarali 449235 '2
9928- 5.1 X. + 2.3 X 17Uyole 43 ■21

= total lifetime milk production (kg)where:

(days)

Traits being 
correlated

-23.4 Xj

tTH ■ —
Ytk=17954-

ytk=
yth=

r2s

0.001

0.03d
0.00d
0.02i
0.03d
0.06d
O.132

0.03d
O.2O2
0.231

0. 16d 

O.124 

0.124 

0.03d 

0.02d 

0. 124 

0. 13d 

O.124 

O.O64 

O.O74

0.17- 
0.21d 

-0.04d

0.07d 

0.26d 

0.29'' 
0. 13d 

0.211 

O.412

— . — . T I ■ O

8.3 X, + 1.2 X, - 

+ 3.0 X

0.18d 

-0.18'* 

-0.17** 

-0.18'* 

-0.20'* 
0.06d 

-0.014 

0.02d 

0.064 

0.074

YTH
X| = age at first calving (days)
X, = first lactation milk yield (kg)
X3 = first inter-calving period (days)
X4 = lactation length in the first lactation

-0.37 
-0.32*

-0.41- 
-0.42' 

-0.091 

-0.11d 

-0.071 

-O.194 

-0.16d

k3
9.2 Xj

.j^2f5oi- o.G + 3.9 X, -21.7 Xj 

YTu= 14869-13.2 X. + 1.8 X, + 9.8 X



180

4.8.2 Cow culling rates

Average culling in and betweenfarmsrates the ranges
Iwambi hadOf the farms,years are presented in Table 51.

wh i 1 esales and slaughters (4.3%)least cullings due to
had the highest (36.2%). Overal1 deathUyol e rate among

Iwambihighest at(4.4%)lowest at Uyole butcows was
combi ned,When the two types of disposals(13.4%). were

Uyole appeared to have disposed many cows (40.6%) compared
to other farms where overall culling rates were below 20%.

magn i tudesre J ati ve betweenWithin thefarms,
deaths varied from year tosaies/slaughters versus year.

The relative importance between the two culling rates also
At Ihimbu sales/slaughtersfarms.differed between were

Iwambieach) whereas anddeath (5.9%s i m i 1 a r rateto

( anddeaths 13.4higher 11.6%,hadKi tu1o farms

(sales/slaughters and4.3 6.0%,respecti ve1y) than
Quite the opposite can be observed in therespect i ve1y).

remaining two farms where sales/slaughters formed a larger
component of the overall culling rate.

4.8.3 Reasons for cows to exit from dairy herds

Reasons for cows to leave the herds were classified i nto
of sales, slaughters ormajor subclasses deaths.three

made betweenpartition has beenSi nee sales and
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it is worth to mention that compared to sales,sIaughters,

s1aughters were predominant at Iwambi, Kitulo and Mbarali.
ofsalesThimbu and Uyole the opposite wasAt Notrue.

cows were done at Mbarali farm (see Table 52 and Appendix

Tables 11 to 15).

Within the subclass of sales, no reasons could be traced

at Iwambi and Uyole. Sales were mostly done for slaughter

or for dairy purposes.

Sales and slaughters, deaths and overall cullingTable 51:
rates (%) among cows

All culling ratesDeath ratesSales/slaught.Years

covered
RangeRange MeanMeanMeanFarm

5.9 1.1-17.0 11.8 6.5-28.21.1-17.05.9Thimbu 1981-89
6.2-30.3 17.7 7.5-41.20.0-15.7 13.44.3Iwambi 1980-89

11.6 5.8-15.5 17.60.0-14.0 5.8-28.56.0Kitulo 1979-90
4.9 2.4-10.1 18.84.8-28.4 8.4-38.513.9Mbarali 1984-89
4.4 2.0- 8.436.2 24.3-69.6 40.6 27.8-71.61980-87Uyole

1) Range of annual culling rates

Range1'
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Kitulo,At so 1 d offbecause theycows were were

colour black and white)( not Ihimbu fewand at a were

d i sposed because of health (and forprobablypoor

slaughter). Through verbal inquiry, it was revealed that
most sales were due to poor milk production, reproduction
problems or health problems though in none of the farms
culling criteria were For DAFCO farms only the headset.

for sale of cows and heifers.

Slaughters were the second (after deaths) major reason for
studied farmscow disposals in Mbaralial 1 except and

of farms failureIhi mbu. Again, four the statetoi n

for slaughter in their reports was very commonreasons
93 and 89% of all slaughters

Kitulo, Mbarali and Uyole, respectively. Casesat Iwambi,
uterus/vagi naofprolapsedystoci a and thei rof or

compli cations such metri ti s,associ ated secondary as
and of7.2foraccounted 3.1, 4% for10, reasons

Ihimbu, Iwambi, Kitulosiaughteri ng and Uyoleatcows

Accidents resulting i ntorespectively.farms, 1 eg
fractures or bone dislocations were responsible for 36.7%
of reasons for slaughter at Ihimbu, 3.1% at Iwambi and 8%

Incidences of high altitude disease at Kituloat Kitulo.
which necessitated some cows to be slaughtered was unique
to that farm.

office in Dar-es-Salaam had authority to grant permission

a f ew

accounting for about 86, 54,
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Table 52. A summary of reasons for disposals in each farm

Farm 
Thimbu Kitulo Mbarali UyoleIwambi

Sold No. 39 36 63 0 319
Percent 28.3 8.6 3.8 0.0 63.7

Slaughtered
No. 76 12630 65 499

21.7 15.6 30.4 73.8 25. 1Percent

Died 561082 27No. 69 316
75.8 65.8 26.2 11.250.0Percent

103 501Total disposals 417 1644138
1980-891979-90 1984-891981-89 1980-89Years covered

withvaried farm. Therei nci dencesD i sease were cases

Rumi rial (bloat)certai n farms. tympanyspecific to was

responsible for 8.9 and 7.4% of deaths of cows at Kitulo
at Thimbu andrespectively. Further, Iwambiand Mbarali,

about 32 and 10% of deaths, respectively were due to tick-
(12.2% deaths)of Kituloatd i seases. Manyborne cows
mud asphyxiatedandwater pondsin got todrowned or

death.

The most common cause of death occuring in all farms was
molasses,snake(bypoi son i ng dip wash,urea,venom,

copper) whichpoisonous plants responsible foror was

Reason for 
disposal
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14.5, 22.8, al 1 deaths10.1, 18.5 and of at16.1% cow
Ihimbu, Iwambi, Kitulo, respective!y.Mbarali and Uyole,

resu11i ng □ rob 1emsDeaths from calving associated
( dystocia, of reproductive organs )metr11i s, prolapse

offor deathsaccounted 9.7 and at14.5, 16.5, 16.1%
Ihimbu, Iwambi, Kitulo and Uyole, respectively. There was

detectedlarge proportion of deaths that not orwasa
Fascioliasis liverandfor death unknown.reasons

both of them causing liver dysfunctionc i rrhosi s, were

farms (excludingin four of thedeathofcommon causes

Mbarali 1 .
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CHAPTER 5

DISCUSSION

5.1 Calf mortality

Abortions and stillbirths
rates of abortion in four of the five farms

studied (1.8 to 3.0%) do not differ from those reported in
the literature for various exotic dairy breeds managed in

(e.g. 1990).tropics Kabuga,the 1974a; TheVaccaro,
abortion rate for Mbarali was, however, on the higher side.

as a matter of routine, had vaccinated yearlingAll farms,

heifers against brucellosis using a live attenuated vaccine

occasionally farms have screenedMoreover, cows
against brucellosis as evidenced by slaughters of positive

this does not exclude brucellosisNevertheless,reactors.
abortions. There could bepossible cause of other,as a

abortionofnon-i nfecti ous such hormonalcauses as
imbalances, physical stress, poisons as well as nutritional
deficiencies. The significant differences between years in
all farms (except Thimbu) can be explained by the fact that
incidence rates depend on specific causes of abortion. In

expected to fluctuate fromthat rates are tocase year
Vaccaro and Vaccaro (1982) observed i ncrease i nyear. an

resason was given

S19 •

incidence rate as years went by but no

ihe average
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cou 1 dto explain the finding. farmsDifferences between
partiy ascri bed partlybe variations andbreed toto

environmental differences. In the present case the two were

confounded.

higherWi th exception farms hadMbarali farm, al 1of
incidences of stillbirths than of abortions. In al 1 farms

gestati onofmati ng practi ced, and 1engthnatural was
aborti onofperiod theknownnot at oroccurancewas

a veterinarian was not always aroundsti11 bi rth. Further,
to assess the foetuses and a bias in registering could have

consistent to thoseOtherwise thehappened. rates were

reported in Zambia (Igboeli 1373b), Ghana (Kabuga,1990) and
elsewhere in the tropics. On the other hand, these results

higher than incidence rates reported in the temperateare
of and of2.6% Roy, 1 970( 1972countries Auran,e.g.

3.3%). Stillbirth rates of nearly 10% at Iwambi and Kitulo

inreported the other farms.thoseh i gher thanwere

Significant differences between farms and years could have

is need to further investigate influencing factorsThere
such as season and age of dam at parturition. For example,
Igboeli (1973b) found highest rates of stillbirths to occur
after the hot dry period and Auran ( 1972) after the June-
July pasture period. Both stressful peri ods thetoare

the same reasons as those discussed above.
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1972) thatit has been documented (Auran,

frequency of stillbirth is higher among heifers than among
older cows.

Postnatal mortality rate
From the literature, calf mortality rates from the tropics
have varied very much from as
with most death rates below 30%. Calf death rates from the

Di rectmagnitude.simi1 arfarms studied ofhere are
comparison of results appears not quite valid because age

are different.limits are either not specified or It may
breeds and/or managementcomparing differental so mean

Mwakatundu and Masanje (1984) indicated that insystems.

post-weaning mortali tyanddairy farms,ianzani an pre-
rates of 10% were considered tolerable rates. Based on this

Iwambi farms had acceptableIhimbu andcri terion, pre-
weaning mortality rates but all others should be considered

In this study pre- and post-weaning periods wereas high.
(4quite different durations months), i t14of versus

appears that in three of the farms the proportion of weaned
calves that was lost was higher than proportion lost during

Thisperiod. reflectspre-weaning the sub-standard
(especially feeding) gi ven calvesto aftermanagement

weaning as previously reported by Mchau et al . (1983) and
Msanga and Nduye (1990) for similar farms in Tanzania.

low as 4% to as high as 71%

cows. Moreover,
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Significant sex differences were obtained in three of the

farms (Thimbu, Iwambi Ki tulo) inand al 1and cases
mortality rate was higher in heifer than in bull calves.
These farms belong to DAFCO and are commercial enterprises.
Farm managers were given mandate to sell bull calves after
they had received colostrum. Such occasional sales were
difficult accounted in calculating mortalitybe forto
rates hence a somewhat downward bias on males. The large
variati on i n death expectedrates between years was as

death rates are a function of herd health, changesannual
in management (e.g. personnel) and occurance of disasters
such as the 1984 copper poisoning at Iwambi. The tendency

calves to have higher deaths i n 1 atef or pre-weaned wet
and early dry season can be explained by the poorseason

forages they have to depend on and the chilly weather to
which they are exposed. The latter is supported by higher
deaths due to pneumonia as will be discussed shortly. The

(exludi ngmonths ofoveral1 death 18torates up age
sti11 bi rths) ranged from about These25 40%.to rates

by Vaccaro (1974a) which rangedthose reviewedresemble
between 30 and 45%. They are, however, much higher compared
to those experienced in the temperate countries (Peters,

Simensen, 1986).1 986 ;

Heifers the herd replacements. Death ratesare among
heifers (birth to calving) found in this study are higher
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than that of 25% among Friesian heifers reported by Vaccaro
and Vaccaro (1981). On average one half of all heifers born
did not reach the milking herd. This implies that almost
no culling could be done among cows if herd size was to be

derivei nteresti ngman ntained. wou 1 d have beenIt to
replacement rates in the farms (number of first calvers as
proportion of total number of calvings in a year) but the

(failure to trace first calvers innature of the records
each year) could have given very un-realistic results. With

heifer mortality, herds onl yhigh ofsuch rate cana
calvingif abovenumbers 90%.sustain herd rates are

i sproductioni ntensi ty forcullingNevertheless,
tantamount to be zero.

Causes of calf deaths
The major causes of death among calves, that is pneumonia

Amble and Jain, 1967) .Shoo et al■,1992;Si mensen, 1986;

many deaths in all farms studied has rarely been reported

management problems which can be controlled if seriously
At Kitulo,attended to.

rampant indicative of gross feeding and/or hygiene problems
conditions whichOtheri n the farm. be curtailedcan

through improved management include cases of drowning in

All three causes are

However, nutritional deficiency which was responsible for

and scours/diarrhoea have been widely reported (Roy, 1980;

digestive system disorders were

elsewhere (e.g. Mchau et al.,1983).
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water/mud, poisoning, cold stress and undetected cases.

Dipping to control ticks was done in all farms, yet Thimbu
and Iwambi farms registered quite a number of deaths from
tick-borne diseases. This can be explained by failure to
counter-check or wrong reports on acaricide strength of dip

to trespass theiror by allowing non-farm cattlewashes
farms. Another speculation could be resistance of ticks to
acar i c i des in altitude disease farmHigh was ause.
specific cause of death among calves at Kitulo (altitude

It is a disease which affects cattle under2630-2820 m).
year of age and has also been reported in the Ethiopianone

highlands (Njau and Kasali, 1989). Although dewormings had
against various kindsf i ve farms ofin thebeen done

internal parasites, it appears fascioliasis, lungworms and
other unidentified intestinal worms have claimed lives of

This has probably been a result of irregularmany calves.
availability of drugs and increases in prices which led to
sub-optimal deworming frequencies.

it is worth to mention (as also noted by Putt etFinally,
veteri nari ans in thei r diagnostic1 987 ) thatal . vary

dedication to work and in the use
term for a disease or condition. This byof the correct

frequencies reported.

itself may contribute to some extent, to the variation of

abilities, experience,
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5.2 Reproductive traits

5.2.1 Age at first calving
i he average age at first calving achieved in the studied
farms (of 33-39 months) are consistent with those reported

M h a i k i , 1986) and elsewhere in
1975). As indicated earlier,the tropics (Vaccaro, 1974b,

there hasn’t been much documentation on Guernseys from the
tropics thus rendering comparisons difficult.

Among the factors studied in the present material is season
significant source of variation at

Uyole. Although season of birth was not significant for the

Thimbu and Iwambi farms showed large

differences between the best and the worst seasons ( about

be neglected.
early wet season were youngest at calving, signifyingor

that they were better seasons for calving or growth.

Period of birth was the most important source of variation
age at first calving in this study. Again, period effecton

was erratic at Iwambi, Mbaral i and at Uyole but age tended
at Thimbuincrease with Kitulo.and Sinceto years no

the observed

1980; Mwenya and Shandomo,

Generally, heifers born in late dry season

in other parts of Africa (Kiwuwa, 1974a; Osei et al.,1991 ;

of ijirth which was a

3 and 8 months, respectively) and such differences cannot

planned improvement programme was at hand,

rest of the farms,
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changes are a reflection of fluctuations in management of

heifers, especially feeding. Feeding determines growth rate

wh i ch in i nf1uences physiologicalturn time attainto
maturity for reproduction (McDonald et al.,1988). In the
farms where age at first calving was increasing it suggests
that management was deteriorating. Agyemang and Nkhonjera
(1986) observed similar trends when they analysed data from
two government farms in Malawi. The significant interaction
between period and i ndi cates theat Uyole thatseason
goodness or badness of seasons varied between periods.

5.2.2 Calving interval

length of inter-calving period determines the annualThe
calving rate and availability of replacements. Results from
this study show that Mbaral i and Uyole farms had quite

i ntervals and belowcalvingacceptable reportedmany
calving intervals from the tropics. They were consistent
with mean calving intervals reported by Vaccaro (1973) for

Kituloand Nigeria. farmAfrica had the longestSouth
result!ng i n(489 days)i ntervalscalving an average

aboutof only The 1 owcalving 73%. reproductiverate
i s possi blyfarmi n the associatedperformance with

(Lai ser,P.;(P) deficiencyphosphorus personal
1992). Lauri dsen (1978)communication, analysed Kitulo

pastures for magnesium (Mg), calcium (Ca) and P and results
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indicated that cows could adequately be supplied with Mg

and fromCa but recommendedpastures P.not He
supplementing cows with bone meal to improve P supply.
P deficiency is associated with infertility in dairy cows
when inthey deficient elementherbage theongraze
(McDonald et al.; 1988).

The model used to analyse this variable explained less than
variation of the trait in the farms except10% of total

what it implies i sThimbu (where it explained 34%). Al 1
influenced by factors otherthat

than those included in the model. As a reproductive trait,
temporary environmental factors play a bigger role in its

variation in calving1991). Since the(Rege,vari ation
largely determined by variation in days openi nterval i s

0.88) , inclusion of month of calving(Auran, 1974; r
season) and milk production in early1 evel(i nstead of

2lactation could probably have increased R . El-Keraby and
high positive association(1982) found ofAboul-Ela a

i nterval and percent ovulatorycalving to first oestrus
anoestrus during the first month post-partum with level of
dai 1 y mi 1 k yield. Furthermore, bulls contribute appreciably
towards the overall reproductive efficiency in the herd.

in conformity with otherThi s i s studi es (Madsen and

this variable was more

Effect of parity was significant in three of the farms.
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Vinther, 1975; Kifaro, 1984). However parity accounted for
only a small proportion of the total variation of the trait

In four of the farms the intercalving period after first
parturition was longer than subsequent ones. The same was
previously reported by Kiwuwa (1974a) and Mchau
(1983) and could be ascribed to the physiological stress
which first calvers experience in early lactation. During
this period nutrients have to be partitioned between milk

reproducti onconti nuati on andproduction, of growth,
(McDonald et al.,1988). This may result in slightly longer

and/or morecalving to conception interval
conception in primiparous cows compared to pluriparous cows
as
and Aboul-Ela (1982).

variations in calving intervals in the presentSeasonal
study were small and this conforms well with other reports

nevertheless, a tendency for dry season calversThere was,
to have slightly longer subsequent calving intervals in
three of the farms. Longer calving intervals after the dry

(also see Igboeli, 1973b) is known to occur becauseseason
of the sub-maintenance feeding cows are subjected to during
this period leading to weight loss and sub-fertility. Year

variationofimportant calvi ngthe most source onwas

was reported by Bruhn and Mgheni (1977) and El-Keraby

et al .

(Sadana and Basu, 1983; Kifaro, 1984; Al-Ani et al.. 1986).

( 1 or < 1%) and that is similar to Rege’s (1991) finding.

services per
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interval. mainly be attributed to
differences in feeding regimes, i nbulls use
management practices specific to individual years.

5.3 Lactation performance traits

5.3.1 Milk yield

Considering the fact that herd effect contributes most to
the total variation of lactation yields (Rege,
average milk yields found in this study mainly ref 1ect
management levels. It is however impossible to dissociate
genetic differences between herds from management

Average herd milk productiondi fferences in these data.
levels obtained in the present material are not at variance
with many reports from the tropics. Mean annualized milk
yields found here are largely in agreement with the finding
of Agyemang and Nkhonjera (1986) in Malawi, but much lower
than Rege’s (1991) reported figure. The high production in

with a relatively low average calving interval (411 days).
The coefficients of variation for the two milk yield traits
were similar to those reported by Rege (1991) in Kenya.

Year of calving was the most important factor influencing
yield inmi 1 k all farms. Year to year fluctuations in

Yearly variations can

1991), the

the latter was due to high milk production level coupled

and other
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performance are attributable to weather variations which

inf 1uence situation andfinancialpasture growth, farm
consequently concentrate and mineral supply, availability

of othersupervi si onal changes andforages,conserved
management aspects.

The second most important factor affecting milk yield was
parturition number. The increase in milk yield with parity

literature review (see section 2.3.2). Parity in which peak
i t i sfarm suggestingwithvari esproduction aoccurs
studiesof breed and management level.fun,ct i on

e.g. Kiwuwa (1974a) and Rege (1991) actual age (in months)
been used instead of parity and demonstrated similarhas

results. It appears justified to adjust all records for age
It has been recommended byor parity when evaluating cows.

multi pli cativewithin herds( 1965) thatSyrstad age
From the least squarescorrection factors be used. means

presented in Table 17, multiplicative factors for adjusting
lactation yield records for parity (age term commonly used
in Tanzania) were derived using the following formula:

/ X (20)XC im

ththe i correction factor
= mean yield at maturity

where C,
X.tn

In some

is a well known fact whose reasons were elucidated in the
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age group

(in parturition number)
i he results are shown in Table 53.

Table 53. Multiplicative age correction factors for
lactation yields for each of the farms

Farm 
Iwambi MbaraliIhi mbu Ki tulo Uyol e

1.301.12 1 . 221.18 1.511
1 .041.18 1 .00 1.121.102

1.00 1 .04 1 .001.04 1.023
1 .02 1.00 1 .031.00 1 .004

1 .051 .021.035
1.116

The factors obtained here are not very different from those
previously estimated by Mchau et al . (1983) for Uyole farm
from a rather small body of data.

The large increase from first lactation to peak production
registered at Iwambi (51% for LMY and 46% for AMY) was
partly due to considerably low first lactation milk yield
(1741 and 1630 kg, respectively). Apparently there is no
convincing reason to explain the low yields. It can however
be speculated that although age at first calving in this

Parity in which 
record is made

= mean milk yield of the i'n
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farm was the highest, probably cows had not attained their
required physiological maturity.

Traditionally, the use of 305-day yield is assumed to get
rid of calving interval alloweffect and thus
exclusion of calving interval in analyses. Kifaro (1984)

included calving interval subclasses in analysing 305-day
yields and detected significant effect of calving interval.

1actati on yield i sconcluded whenIt thatwas even
calving intervalat 305-day, wouldtruncated effect of

sti 11 noti ceable. 1actati onsbe often dueLong toare
delayed pregnancy (Auran,1974). The current study further
gives evidence that calving interval is an important factor
to be adjusted for before comparing records of different
cows.

Kiwuwastudies (e.g. Kiwuwaprevi ous 1974b; etMany
al..1983; Agyemang and Nkhonjera, 1986; Al-Ani et al. 1986;

1989) have shown only trivial influence ofRege and Mosi,
of calving on lactation yield. The best seasons ofseason

calving in the present study (in the farms where season was
1 ate drysignificant) the and early wetseasonwere

The explanation behind this finding is that theseseasons.

cows attained their peak production during the rainy months

when pastures were plenty. The persistency of lactation was

improved. The converse was true for the remaining seasons.

of most
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The small seasonal differences often reported (also in two
farms of this study) signifies "weta

sti mulus" (similar to the spring stimulus in theseason
temperate countries described by Wood, 1969) during the
later part of lactation. This boosts milk production thus
ironing out seasonal differences. Mchau and Syrstad (1991)
had shown this phenomenon in lactation curves of Mpwapwa
cows calving in the dry and wet season.

5.3.2 Lactation length

The mean lactation lengths in the present material do not
differ much from those reported elsewhere in the tropics
(Kiwuwa, 1974a,b; Vaccaro 1974b; Mwenya and Shandomo, 1986;

1968 and others). 1 actationThe meanTrail and Marples,
length of 270 days of Guernseys at Mbarali appears to be

breeds.in comparison to the other Jerseys,1 owrather
had been reported toIsland breed, haveChannelanother

(Kiwuwa,in Kenya 1974a)lactation lengths ands i m i 1 a r
Tanzania (Bruhn and Mgheni, 1977) but altogethereastern

much lower than the mean lactation length of 349 dayswere
reported from India (Mangurkar et al., 1987).

the analyses of variance, be observed thatFrom
calving interval had the largest influence

Since the persistency of lactation is partly1actation.

the occurance of

i t can
on length of
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dependent on the depressive effect of new pregnancy (see
literature review section 2.3.2), this result is according
to expectation. Year differences were large and significant
signifying fluctuations feedingi n and management as
discussed for milk yield. Parity was the third important

factor affecting lactation length. Because of the positive

between lactation yield and length, and theassoc i ation
1actati onwith parity,i ncreasesmi Ik yieldfact that

This was true for Kitulo,length would increase as well.
iwambi and Uyole records but not Thimbu and Mbarali. In the
latter farms,

meaning more milk perlactations of shorter duration,i n
day as age advanced.

5.3.3 Dry period

In normal dairy management procedures dry period lengths
Where lactations areshould vary between 45 and 60 days.

and more, fordry periods canshort, go up
(1983). Despite the fact that meanexample Kiwuwa et al.

dry periods for Thimbu and Kitulo were rather long, similar
Mhai ki (1980)reported byhave been andperiodsdry

( 1986). and Mgheni (1977)and Nkhonjera BruhnAgyemang
periods (over days)longer dry 170found amongeven

Friesians and Ayrshires at Morogoro, Tanzania but this was
based on a small set of data. The coefficients of variation

as cows grew older they produced more milk

to 3 months
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for this lactation

trait indicating greater variability. 1i teraturetheIn

similar findings have been documented (Kiwuwa et al.,1983;

Agyemang and Nkhonjera, 1986).

this trait isi he large influence of calving interval on

according to expectation. With increase in calving interval

lactating and drybe prolongations i n bothwi 11there

per iods.

5.3.4 Phenotypic time trends and correlations among

trai ts

i rrespective ofUyole, andfarms, exceptal 1In
significance, regression coefficients for both milk yield

traits on year had negative signs implying that performance

and KituloIwambi had seriousdecli ningwas
deteriorations in yields. When the animals were imported

through and others purelydonati ons HPI( some onas
commercial transactions through World Bank loan; Lauridsen,
1979), a parallel farm improvement package was implemented.
That included pasture establishment, farm structures, farm

expatriate advisors andmachi nery, transport, manpower
average milk yield intrai ni ng. reported forThe 1979

(Lauri dsen, 1979) .kg LauridsenKitulo about 3790was
proclaimed that the actual production potential of the

trait were larger than for any other

over time.



202
imported stock close if cullingkgto 4500was was
exercised after allowing the cows to acclimatize to the
southern highlands conditions. In this study, least squares

milk yieldfor Kitulo for ranged1 ateat 1970smeans
between 3600 and 4000 while at Iwambi means were about 3000 ■

in earlykg With time pastures deteriorated1980s. and
rare 1y re-establishment i nputstook place, farm like
fertilizers, drugs and concentrates have been difficult to

obtain and forage conservation for dry season feeding has

ei ther mini mumtaken place 1evel.not done ator a
the prime objective of importing the animalsFurthermore,

was,

surplus stock for expanding the farms and to be sold to
no selection had yetIn other words,smallholder farmers.

been applied to the cows. When heifers were imported, semen
i ntroductionobtai nedfrom al so augment oftoUSA was

foreign germplasm into the herds. Since 1978 Al has been
implying that no foreign genetic materialnon-functi onal,
into the herds. Exchange ofi ntroduced bulls amongwas

herds has been practiced. Bearing in mind that rainfall is
(that is,in thisreliable there has beenzonevery no

critical shortage of forages), the decline in performance
found in this study is mainly attributed to deterioration
in management.

there was a significant increase in lactationAt Ihimbu,

first and foremost, to multiply them in order to get
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length without yielda corresponding i ncrease i n milk
(which showed random fluctuations). This increase can only
be ascribed to the prolongation of calving interval in the
farm (whose regressi on significant). Calvingalsowas
interval and lactation length were decreasing at Kitulo.
It
among the traits but it could be stated that with reduction
in milk yield (due to management problems) cows tended to
lactate for shorter durations.

after havingcalculatedtrai tsCorrelations among were
of calving andeffects of parity,removed season, year

devoi d ofvari ati ons. thereforeTheybetween are,cow
genetic and other permanent differences between cows. Al 1
correlations were according to expectation. High milk yield

Annualized milk yield was negativelyshort dry periods.

associated with calving interval because of their inverse

relationship. Because calving interval and dry period were

positively and highly associated, the relationship between

negative, and that was the case.

was positively associated with long lactation lengths and

is difficult to single out cause-effect relationship

annualized milk yield and dry period was supposed to be
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5.4 Repeatability estimates

Estimated intra-cow correlations for milk yield traits (LMY
in the present materialand AMY) lower than thosewere

estimated in Kenya (Rege 1991), Honduras (Mejia et al.1982)
and in Mexico (McDowell et al., 1975). On the other hand

repeatabi1i ty bythey 1arger than the reportedare
Lindstrom and Solbu (1978) for 305-day yield of Kenyan
Friesians. With the assumption that it will take many more
years before genetic parameters can be estimated from these

the present repeatability estimates can be used tofarms,
compute "most probable producing abilities" of cows so as

They willat culling decisions. also helpto arrive to
predict change in performance in a farm emanating from the

culling process.

Repeatability estimates for calving interval were low and

wi th studies. Beingfairly wellth i s many acompares
subjecti si ttrait, temporaryreproducti ve to many

nutritional reproducti vestatus,i nf1uences such as
in use and other management disturbances.bulldi sorders,

appli es consistent!ytheto 1 owThe reasonsame
repeatability estimates obtained for Mbarali farm.
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5.5 Milk composition

in thisAverage percentages of milk components obtained

study do not differ very much from those reviewed in the

literature for Friesian cows from the tropics. The smal1
disparities can be ascribed to differences in level of milk
production resulting from different feeding levels and to
measurement errors. The Uyole Friesians originated from New
Zealand where selection is done for high milk yield from
pastures, ihese cows would have higher fat content compared

the present materialinfound
reported elsewhere. The standard deviation of BF% reported
by Rege (1991) of 0.47 (CV= 12.8%) was about half of what
has been found in this study. His result was probably based

Mean yields of milk components from individual test-days

(1988)Sharabyreported. reportedrarely beenhave on

yields of TS, BF and protein which were slightly lower than
those found here. The small discrepancy is attributed to
the differences in milk yield (6.69 kg in his study versus
8.03 kg in the present one).

At constant milk yield on test-days, the most influential
factor on all milk component percentages was the calendar

on lactation averages.

to American Friesians. Similarly, the standard deviations
are very similar to those
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month. TS and SNF were high in the rainy months (December-
May ) but 1 ow (June-November).months
Besides associating the variations to personnel conducting

determinations, a portion of the variation can probably be

associated with feeding regime differences and type of
feed. The plane nutritionof i s higher during the wet

thus higher during thisTS and SNF percentagesseason
period but BF% was higher in the dry season because by then
all roughages were course. It is a well known fact that BF%
shifts from low to high through the mechanism of decreased
propionic to acetic acid ratio (Waite et al . . 1956; Laben,

1963). latter formsTheBi shop et al.,1 963; a greater
portion of rumen volatile fatty acids when the diet has
high fibre content, ihe effect of calendar month on yields
of milk components is mostly explained by variation in milk
yield which was higher during the rainy season than in the

Similar results were reported by Sargent etdry season.
which had depressiveof themonthsal.(1967) for year

effect on milk yield.

Stage (month) of lactation was a more influential factor
yields of milk components than on their percentages.on

Decline in milk yield with advancement of lactation is the
primary reason for the high effect of stage of lactation

milk yield as lactation advanced, but most milk components
on yield traits. There was a linear decrease in test-day

in the dry season
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percentages were lowest in the second month of lactation.
These results are in agreement with earlier findings (Waite

al.., 1991). The reason for low values at early lactation is
yieldthe antagonistic relationship mi 1 k andbetween

percentages of milk constituents. i ncrease,The gradual
especially of BF and protein percentages, towards the end
of lactation is a result of decrease in milk yield on test-

1963) .days (Johnson et al.,1961 ; Laben,

Gacula et al.(1968) found that age accounted for 0-6% of
total variation of BF and protein percentages but 4-23% for
TS and SNF percentages in five dairy breeds. In the present

in parturition number accounted for much lessstudy, age
Concentrations of milk components, especiallythan that.

tended to decrease with age. Decreases in percentagesBF,
i ncreaseis attributed in milkconstituents toof milk

yield with parity. Gacula et al.(1968) used age in months
and found that BF, TS, SNF and protein percentages declined

(1961) reported similar resultsJohnson et al.with age.
for BF and SNF percentages. On the contrary, Sharaby (1988)

relationship between paritysi gni fi cant andfound no
concentrations of BF, TS and protein but yields were high
in second parity and then declined with age. In this study,

consti tuents i ncreasedyields of milk to fourth parity
following the trend of milk yield.

1988; Yadav etet al.,1956; Johnson et al.,1961; Sharaby,
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Year of recording accounted for the largest proportion of

total variation in BF yield and percentage. Least squares
means for years indicate that 1986 had the highest values
but and for1 988 had below1 990 Reasontests.average

annual fluctuations could be changes in feeding and errors
in determinations by laboratory technicians though the same
method and equipments had consistently been used.

Correlations
Phenotypic correlations between milk yield and percentages
of BF and protein were slightly higher than those found in

Maijal a and Sharaby,1i terature (e.g. 1 974;Hanna,the
between milk yield andcorrelation1988;). The

surpri si ngelsewhere. Thefound mostthose1 ower than
positive associationsthethisin studyresults were

(0.42) negativeand theyield and SNF%mi 1 kbetween
correlation between BF and SNF percentages (-0.24). Most

have oppositein 1i terature,thecorrelations reported

signs. The fact that SNF was calculated by difference could
partly explain this. Otherwise it is difficult to speculate

The strong positive
correlation between percentages of BF and protein conforms
with previous studies (e.g. Butcher et al.,1967; Chauhan
and Hayes,1991).

The very weak association between the percentage and yield

on the

TS% was

reason for such a disparity.
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of BF was because BF yield was dependant on milk yield and
the negative correlation between milk yield and BF%. It
i nd i cates traits.that they different Ittwo wasare
appreciably lower than the correlation obtained by Butcher

(1967) of 0.32.et al. 1 owerauthors reported
milkassoci ations yieldsand ofbetween percentages

components than those found here.

The milk components testing scheme

withhalffor four andThe scheme years somearan
i nterruptions. The major setback was due to the failure to

offeri ng immediateofexistence ini tsjusti fy terms

initiatedResearchers whoto the project. theal 1ocated
project had left the research centre and only one person
was ear-marked for the work. He had to sample Uyole, Iwambi

and Kitulo (one unit) farms. Permission to go to the latter

farms was only occasionally granted. Expansion of work did

hand-in-hand with required increase in personnel,

Sulphuric acidchemicals. for proteinandequipments

Kjeldahltedious method)(by thedetermi nation was
particularly limiting.

itthatpointed outbe not toIt was necessarymay
and protein (or SNF) could have

not go

tangible results for use. Consequently, no funds could be

determine TS and ash; BF

The same



210
suff i ced. It was felt that at the i t wasinitial stage
justified to have an insight of variations of all these
components before a more practical scheme is launched.

(correlations involving SNF and infrequent determinations
of protein which resulted in some least squares means un-
estimable), the scheme has given acceptable results which
did not deviate from those already known. If provided with

proteinequipment and BFsii ght1y forfastera
reliable transport and trained personnel,determi nation,

mi 1 ktesti ng for beroutine scheme components cana
in highlands ofsoutherni n thelarge farms1aunched

At a later stage recorders in respective farmsTanzania.
submitsampli ng the theand tocou 1 d do the same

1aboratory.

5.6 Day-to-day variation of milk yield and constituents

A significant effect of cow and day of milking on morning,
afternoon and total daily milk yields was also reported by

(1973) and Syrstad (1977). Of particularGil bert et al .
interest here was the effect of day of milking which has
shown that milk yield varied greatly from one day to the
other. The higher standard deviation for daily milk yields
at Uyole than at Thimbu is partly attributed to higher milk

in spite of the small anomalities found in the results
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yields in the former farm (10.20 versus 7.93 kg). While Erb

wi th increasing milk production daily variationslevel

i ncreased, Lindstrom (1976a) attributed the large daily

variation in milk yield observed under Kenyan conditions

to absolute low level of milk yields. The present results

further substantiate the former.

Assuming that the standard deviations of daily records are

estimates of random errors of monthly records,

estimated standard errors of 305-day lactation yield were

(with 10 recordings; am + pm):

Uyole:

averages. The error for Ihimbu was much smaller than those
reported by Mchau et al. (1983) in Tanzania and by workers
in the temperate countries (Everett et al.,1968; Syrstad,

is likely due to low1977). The reason for a small error

fairly accurate recordingyields coupled withmilk of

on the

Detailed scrutiny of Uyolevery high. recordscontrary,
revealed that almost all records had even decimal digits

1.71 kg x 305 / / 10 = 165 kg

These errors were 6.4 and 2.9% of their respective herd

Ihimbu: 0.65 kg x 305 / / 10 = 63 kg

et al.(1952) and Everett et al . (1968) demonstrated that

then the

individual yields. Estimated error for Uyole was,
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(0.2, 0.8 ) and 64% had0.4, 0.6,
digit. It was assumed that milk was being weighed to the
nearest tenth of a kilogramme but apparently the recording
was inaccurate and the recording error contributed to the

although Thimbu
records had a similar bias, records had oddabout 23% of

(more accurate)less biased
record i ng.

had high variationmilk yield, protein percentBesi des
between days from the two weeks study. This is in contrast
with findings of Gilbert et al.( 1973 ). Syrstad ( 1977) and

more variable(1992) who found that BF% wasRook et al.
from day-to-day than protein percent. The expected standard
errors of lactation percentages of BF, protein, TS, SNF and

0.7 andrespectively, or 5.6, 0.8, 1.6, 0.3, 1.2%units,
The estimated errors of percentages ofof herd averages.

revi ewedmuch 1 ower than those bymilk components are
McDaniel (1969) and those estimated by Syrstad (1977). The

explanation for thi s low variability i s thereasonable
samp!i ng i nthe animalgiven oftermsseriousness to

accuracy of recording and determinations. Thishandli ng,
is further confirmed by the high repeatability estimates
of percentages of all milk components except protein. The

variationday-to-day of proteinhigher (hence low

zero as their decimal

ash were estimated to be 0.03, 0.05, 0.04, 0.06 and 0.009

day-to-day variation. On the other hand,

decimal digits suggesting a
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largely be ascribed to errors

OT determi nation. intra-class mi 1 kThe correlation for
yield was similar to Lee’s (1988) correlations (Table 5)

between test-day and re-test day yields but for BF% he
found lower correlations. The higher correlation obtained
in this work is likely due to the reason mentioned above.

5.7 Part and cumulative milk yields

Effects of non-genetic factors
The decrease in standard deviations of monthly records with

lactation obtained in this study has also beenstage of
observed by Erb et al ■ ( 1952), Kiwuwa ( 1973a) and Mchau and

Syrstad (1991). The first month of lactation was observed
by Erb et al . ( 1952 ) to be the most variable month and it

it for estimating 1actati onrecommended notwas
records. The decline in standard deviations was up to mid-

The increasei ncreased. in variationand then1 actati on
the end of lactation was associated with havingtowards

Dry cows were assigned zero values.more cows drying off.

The model used to analyse records explained less and less
of total variation of part records as lactation progressed

effects of parity and periodpartly because were more
lactationin earl y than i npronounced 1 ate lactation.

inSimilar evidences be the 1i terature (e. g.seencan

repeatability of 0.25) can

to use
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Ki wuwa, 1973b; Mchau and Syrstad, 1991). Second and later
lactations of Kitulo farm (data set 4) were more explained

by the model towards the end of lactation because calving

interval was contributing substantially to total variation
at that stage.

The proportion of total

parity in this study is lower than the proportions reported

by Auran (1973). The present findings, however, are similar

to those reported by Mchau and Syrstad (1991) on Mowaowa

The decreasing effect ofcattle. parity with advancing

lactation is a common observation reoorted in the liteature

K iwuwa,(e . g . by Auran, 1 973;

When first and subseauent parities are separated (data set

effect of parity ofin this study) the becomesto1 4
Mchau and Syrstad (1991) found in theirlittle importance.

differed main1y between1 eastthatstudy meanssquares

Fi rst cal vers had 1 owrecords. yieldsand 1 aterf i rst
during early lactation but their 1actati on crossedcurve

that of pluriparous cows toward the end of lactation. i ne

practical importance of this finding is that it justifies

been used(in months) has instead of parity.actual age
Lamb and McGilliard( 1 960 ) and ( 1967 ) have

derivation of two sets of extension factors; one for first

Fritz et al.

calvers and the other for pluriparous cows. In some studies

sum of squares accounted for by

1973b; Al-Am et al.1986).
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conceded that there is an overlap of ages between first and
second lactation which whencould i gnored.be However,
f i rst 1actati on i s considered i t i s usefulalone to
consider actual age (e.g.by Sharma et al . , 1983).

Effect of period or year of calving on part and cumulative

yiel ds has mainlyscarcely been studied because many
stud i es records.have been based threetoon one years

i nvolved quitestudiesNevertheless, such have a
variationThe amount ofsubstantial amount of records.

cumulativethis andexp 1 a i ned factor bothby parton
agreement withi s inpresent materialsin therecords

( 1987 ) and Mchau and Syrstadfindings of Garcia et al.
cumulative i sof part and records(1991 ) . theWhen use
year effect is of lesslimited within 1-2 adjacent years,

practical concern.

(1973b) investigated the effect of season on partK i wuwa

and cumulative yields in six herds located in Tanzania and

Kenya. Seasonal variations in part yields of less than 120

(Kenya)Sengalo andsignificant Mpwapwaatdays were

(Tanzania) but not in the other farms. In the same farms
240 days were significantlycumulative yields of up to

Two conclusions were arrived at: a)influenced by season.
in cattle requireBos taurusSeasonal effects separate

correction factors for part and cumulative yields and b)
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large seasonal differences occur in herds located in areas
with unimodal rainfall patterns, i he largest influence of
season on part and cumulative records in this study occured
in early lactation contrary to observations made by Auran
(1973) who found the largest effect to occur in the seventh
and eighth test days. Mchau and Syrstad (1991) showed that
effect of month of calving was significant on all monthly
yields except the last month, and contributed 1-3% of their

contri buti on ofvariation. Consider!ng 1 owtotal the
variation of part records in this study,to totalseason

it seems justified to reduce the season sub-classes to wet
and dry season in order to have few but practically usable
extension factors.

The marked increase in influence of calving interval from
month of lactation was also reported by Auranthe sixth

and Mchau and Syrstad (1991). Auran (1974) found( 1 974)
calving interval to account for nearly 30% of total sum of
squares in the tenth test-day. He recommended adjusting for
length of calving interval on records from seventh to tenth

In Tanzania,month using linear regression. and probably
other countries, Al is not working nor are matingi n many

adjustingPractical 1y, records forpartkept.records
i s feasible simplydays noti ntervalcalv i ng openor

i s known unti 1i nterval not after thecalvingbecause
following calving. By then full lactation record is known.
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brom the foregoing discussion it appears logical to adjust
part records for parity and season of calving before part
records are extrapolated extension factors should beor
developed for each sub-class. In this work, the latter was

adopted mainly for convenience purposes.

Correlations
Phenotypic correlati on coefficients between andpart
cumulative yields with total lactation yield were derived

non-genetic factorsafter having corrected forrecords
(period/year, parity, season/month of calving and calving

(sectioni nterval) respective modelsi ncluded in the

i sd i fferences between Itsmal 1 sets apt toare occur.
generally reported (Madden et al.,1959; Miller et al.,1972;

mi d-1actati onin highlyrecords1976) thatAuran, are
yield.lactation thewith total Incorrelated present

materials this fact has been demonstrated but months of
vari ed between farms andhighest correlation have data

sets.

Some of the reasons for high correlation between monthly
yields in mid-lactation and total lactation yield are:
a) It is to some extent a part-to-whole relationship.

One expects therefore a higher correlation with
months with the maximum production, which form the

3.3.7). With a number of data sets, as is the present case,
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largest part of the whole. Peak milk production

different farms, hence the difference in months
with highest correlations.

b) Yield at mid-1 actation is less influenced by shape of
the lactation curve than yield at either end of
1actati on.
present findings give further evidenceThe fewthat a

records obtai ned mi d-1actati on foraround accurateare
predicting lactation records.

Comparison of correlations in first and later lactations

3 and 4) indicates that monthly yields of first calvers
older cows.

(1959)Such observations were also made by Madden et al .
and can probably be ascribed to higher persistency of first

1actations.1 ater Thecompared1actati on to poor
association for the first monthly yield with other monthly

yield1actati on varyingduetotal toandrecords was
record!ng withcoupledcalving thei nterval from to

generally known (e.g. Miller et al. , 1972) high variability
of milk yield during the first month of lactation. Further,

closely thanadjacent months were non-
Thi s fact that adjacentadjacent months.

months have more similar temporary environmental factors

during lactation is attained in different months in

correlated more

(late months of data sets 1 and 2, all months of data sets

were more correlated to total yield than of

is due to the
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influencing them than months further apart. Also different

shapes of lactation curve have less effect for adjacent

months. Lack of difference in correlations between data
sets obtained from the period during which recording was
done daily and when two tests were made per month testifies
that i sthere need for daily recording in Tanzanianno
dairy farms especially when records are used for culling
and selection purposes.

The increase in correlation coefficients between cumulative
i ncreasewith inrecords the 1ength ofand complete

(e.g.also been reported elsewherecumu1 ati ve part has
Sharma et al.,1983; Mchau1 976;

1991). The explanation is that correlationsand Syrstad,
cumulati ve becomesthe part1argerbecome anas

increasingly larger portion of the total production (part
to whole relationship).

Extension factors
Numerous methods for extending part or cumulative records

lactation records have been evaluated (Madden etto full
1976). The choiceMiller et al., 1972; Auran,al. , 1959;
its1 i es only precision innotmethodof to use on

predicting the complete record but also on its simplicity
to be comprehended and used (see literature review section

Important non-genetic factors affecting part and2.7.1).

Fritz et al., 1960; Auran,
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cumulative yields have already been discussed. theFrom
foregoing results it was decided to use the ratio (equation
1 8 as suggested by Miller et al . , 1976) and1972 and Auran,
the simple linear regression methods to derive extension
factors. The former was based on earlier findings that the
last test record was the best estimator of the unknown part
of the lactation. Reason for opting for only two parity and
season subclasses (besides those mentioned in section 4.7.3
and earlier part of this section) was to increase number

reduce samplingof in inrecords sub-classes order to
i ncrease thei rextension factors and henceoferrors

reliability (especially the regression factors).

Errors in extrapolating part yields to 305-day yields by
us i ng

a
derived. Thisfrom which the factorsdatatest wereon

Auran (1976) calculatedmight bias the errors downwards.
average differences between estimated (by various methods)
and actual yields from the same data set that was used to
derive prediction equations and found the betoerrors

i nteresti ng acqui rebewould toItpractical 1y zero.
which be used evaluateof data toanother set can

properties of the present extension factors.

ratio extension factors similar to those in TableActual

The main reason was that it is not proper to make such
the derived extension factors were not determined.
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46 have not been found in the literature in spite of the
fact that the method has often been used to be compared
with other methods. Here they have been presented for use
and further evaluation. Regression extension factors for
monthly yields in Table 47 resemble those obtained by Van
V leek, and Henderson (1961). Thei r similarities are not only
in the magnitudes of numerical values but also on the fact
that regression coefficients of mid-1actation were larger
than in either ends. Van Vleck and Henderson (1961) also

for predictingfound 1actati onthat the best months of
sixth whichcomp 1ete the fourthrecords towere

individually accounted for about 72% of the variation of
correlation coefficientrecords (based betweentotal on

ninth andThe first,value). tenthpredicted and actual
month records were poor predictors.

cumulative yieldsextensi on forfactorsRegression
approaching unity 1actati ondecreasedgradual 1 y as

progressed. This concurs very well with previous findings
Fritz et al..1960; Vleck andVan(Madden et al . , 1 959;

Tanzani an situation extending1961). UnderHenderson,
records by simple 1i near regression iscumulative more

(for simplicity reasons) compared to multiplepracti cal
the 1atter has beenthough reportedregression beto

slightly more accurate.
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5.8 Lifetime performance traits

The mean lifetime performance traits observed in this study
do not differ from those reported elsewhere in the tropics
(refer to Table 6) . Lifetime milk yields for Kitulo and

side. Lifetime milkUyole however, 1 owthewe re, on
productions found here are much lower than those reported

countries (e.g. al . ,1969;for Hargrove ettemperate

Honnette et al.,1980 ; Strandberg, 1 992 ) wi th al most simi1 ar
number of lifetime calvings and lengths of productive life.
The disparities in lifetime performance traits among farms

in of animals, diseased i fferencesreflect management
incidence rates and farm policies on culling of cows. This

of calvings at Mbarali (5.8) compared to only 3.5 at Kitulo

while Uyole had more sales. The large standard deviations

these traits.

Correlations and prediction of lifetime milk production

Correlation coefficients between age at first calving and
lifetime performance traits used in this study conformed
with earlier findings (White and Nichols, 1965; Hargrove

1965). They indicate that a

is illustrated, for example, by the relatively more number

et al.., 1969; Puri and Sharma,

and Uyole. Further, Kitulo had more deaths and slaughters

for most traits is an indication of large variability in
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delayed first parturition results short productive

life. First lactation yield was positively correlated with

lifetime milk production. Again, this association is partly

automatic (part to whole relationship). It is expected that

in farms where herdlife is short, early life records should

be abl e explai n 1 i feti me trai ts thanof theto more
otherwise. This is supported by Hargrove et al. (1969) who

obtained a correlation of 0.42 between first lactation and

1actati onslifetime milk yield for cows with two or more
With aless than two lactations.cows withbut 0.77 for

to wholebesides having weaker partlonger herdlife, a
i nterveni ng envi ronmentalrelationshi p, there are more

factors. The positive correlation between first lactation
yield with most lifetime traits was also demonstrated by
Van Vleck ( 1964) who observed that high producers in first

outproduce their 1 owernot only continued to1actati on
al so had1actati on butf i rst matesproduc i ng a

substantially longer herdlife.

Prediction equations for lifetime milk production found
here re-affirms earlier findings (Sundaresan et al.,1954;
Gopal and Bhatnagar,1972) on the importance of age at first
calving and first lactation yield as predictors of lifetime
milk production. When first calving interval is included,
it adds prediction precision, but lactation length during

littleof value. i sbe1actati on to Itf i rst seems

i n a
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surprising that the best equation for predicting milk yield
up to 5 years of age obtained by Gandhi and Gurnani ( 1983)

based on first lactation length and calving i ntervalwas

(with of prediction of 74.1%). valuesTheaccuracy
obtained in the present work were lower than those reported
by Sundaresan et al.(1954); Gopal and Bhatnagar (1972) and
Gandhi and Gurnani (1988). i ndi cateThese results that

independent variables used in this study did not explain
much of the variation of lifetime milk production.

Cow death and culling rates

Overall annual death rates among cows in the farms studied
ranged from 4.4 to 13.4%, figures which do not deviate much
from those obtained by Mhaiki (1980) and Mwakatundu and
Masanje (1984) for similar farms in Tanzania. Culling rates

slightly higher at Uyole due to considerably morewere
sales of cows, otherwise culling rates in the other farms

in similar environments (Trail andthose foundresemble
1973a; Kifaro and Temba, 1990). ItIgboeli,Marples, 1968;

cul1i ngsof thethatfurther mostnotedbe weremay
diseases and reproductivedeaths,withi nvoluntary

beingnecessitating slaughters predomi nantd i sorders
reasons for disposals.

R2
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Reasons for cow disposals

Reasons for cows to leave the herd would tend to differ
between farms because relativeof variation in the
i mportance of for culling (both voluntary andreasons
involuntary). Further, leave the herdreasons for cows to

expected thisto change older.become Inare cowsas
largest proportion ofdeaths for theaccountedreport,

disposals in the three farms which belong to DAFCO. The
is partly that sales were restricted. The two otherreason

whi ch ref 1ectshi gher and s1aughtersfarms had sales

Igboeliin farm policies regarding culling.di fferences
( 1974a) have also shown that deaths(1973a) and Vaccaro

the major reasons for disposals in Zambia and in thewere
respectively. Slaughters and sales were not donetrop ics,

In the farms studied,at random and for no apparent reason.
however, reasons for sales in particular and for slaughter

This was a weakness i nto
in justifying the actioneither recording efficiency or

poli ci es i sculling partiyofLackboth.taken or
responsible for this.

Reasons for culling in temperate countries are related to
i nclude 1 i keproduction andmi 1 keconomi cs of causes

mastitis, sterility, low milk production, type and old age
1965).Van Vleck, Fosgate, the1962; On(O’Bleness and

some extent were not recorded.
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culling in the studied farmscontrary, was not directly

related i mprovement i n (and i n-most1yto production
voluntary). In one farm in Tanzania studied by Kifaro and
i emba ( 1990) culling of surplus cows for dairy purposes was
indicated and was considered an exceptional case.

In four of the farms (except Mbarali) cases of dystocia,
prolapses of reproductive organs and metritis resulted in

Si mi 1 arquite good number of slaughters deaths.anda
incidence rates were reported by Vaccaro et al . (19S3) from

Tick-borne diseasesin Venezuela.three farms are common
in Africa south of the Sahara. They have been reported as

in Zambia (Igboeli,Friesian cowsof deaths amongcause
1973a) and in Ghana (Kabuga,1990). Despite weekly dipping
at Ihimbu and Iwambi,
diseases. Reasons discussed under calf mortality are valid
here as well.

Poisoning was common in all farms used in this study. This
i n most 1i terature though Kabugarecordedbeenhas not

(1990) reported only one incidence of plant poisoning. It
poi soni ngi nci dences of managementmost wereappears

problems, for example molasses, urea and copper toxicities.
Plant poisoning was a pasture management problem. A few

dip wash and snakeaccidental such as venomwerecases
Inci dences eliminatedbepoisoni ng. butcannot could

a number of cows died of tick-borne
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possibly be reduced. Fascioliasis could be reduced through
effective deworming programmes. Hydramnios is said to be
associated with inherited or acquired malformation of the
foetus while hydral1antois is said to be due to inadequate
placental drainage. Both result in abortion of foetuses but

Kitulo the excessive accumulation of i n foetalat fluid

membranes i ntohas always resulted deaths of pregnant

heifers and cows. There is need to establish the cause and
remedy for this condition.

5.9 Prospects for genetic improvement through culling
and selection

farms’ini mprovement thesii ghtWith currentsome
coefficients especially with to calfproduct!on respect

di sease control, surpluscalving andmortali ty, rates
be raised thus allowing culling to be done.heifers can

Table 54 presents prevailing mean production coefficients
(derived by weighting herd averages) andin farmsthe

anticipated improved values.

By the end of 1992, there were about 1700 breedable females
in the five farms. By including other large dairy farms in
the breeding programme, it is envisaged that a minimum of
2000 recorded cows can be involved.
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Four options are evaluated based

and assuming slight improvements in management can be made.

Table 54: Production coefficients and other basic
parameters for exotic dairy cattle in southern
highlands of Tanzania

T rait
Age at first calving (months) 35 32
Age at first service for bulls (mo) 24
Calving interval (days) 434 410

5.0*No. of lifetime calvings 4.3
5.6*Length of productive life (years) 5.2

Heifer mortality rate to calving (%) 3549
Annual herd replacement rate

19.2’required (%)

Lactation milk yield (kg) 2450

Phenotypic standard deviation of

milk yield (kg) 880
Repeatability of milk yield 0.37

2Heritability of milk yield 0.25

D Inverse of length of productive life (equal to culling rate)
2) Assumed from the literature;
* For cows surviving culling

Current weighted 
average

Expected future 
performance

on the current situation
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Option 1: (Culling of cows only)
In this option it is assumed that voluntary culling is done
on cows only, i he upper limit of culling intensity in this
case was given by Syrstad (1972) to be:

( 1 - p ) } a = (21 )1P +

fraction of cows culledv/here p

- average number of calvings for culls
average number of calvings for non-culls

= probability that a calving results in aa
heifer calf which reaches first calving

50% of calves born are heifers and 35% of them do notIf
0.325.0.5 0.65the milking herd,reach x

vol untari1y f i rstafterculledwi 11 beAssumi ng cows
wi 11while non-cul1s bethen 11actati on only,

maximum fraction of cows to be culled shall be:

{ p + 5 ( 1 — p)} xO.325 = 1
0.48P

It means 48% of cows could be culled after first lactation
and herd size can still be maintained by in-coming heifers.

is equivalent to a selection intensity (i) of 0.766Th i s
1981).(Falconer,

nq{ np

nP
expected to have an average of 5.6 calvings (Table 54). The

nq
nP

then a
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a) Effect of culling on production level in the herd:

2.084

the proportion of mature cows (survivors of culling)
The effect on0.675.

the repeatability of milk yield. Inserting values

about 168 kg.
b) Generally, prediction of genetic progress per year

from selection was given by Rendel and Robertson
(1950) to be:

+ I
(22)= Z I / Z L

estimated genetic superiority of animalswhere I
from which progeny are raised
generation intervalL

DS and DD refer to paths from siresThe subscripts SS, SD,
sires to daughters, to

Generati on i ntervalsrespectively.daughters, were
estimated as follows: The generation interval from dams to
their daughters (L-po) was taken to be equal to the average

the weighted average age at

+ LDD >+ lds

lactation yield would be: 6n
p

+ lsdDp /(LSS+ tds

t-or each heifer there would be 0.52 x

+ ISDGenetic gain =(Ijc

age of cows at calving i.e.

from Table 54, the increase in herd average will be

x r x 0.766 x 0.675 where
is the phenotypic standard deviation and r is

"mature" cows (second and subsequent lactations) and

would be 2.08/ (2.08 + 1)

to sons, sons and damsdams to
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f i rst subsequentand consecutive calvings. atAge a
particular calving was computed as the age at first calving
plus the appropriate number of calving intervals. Average
age at second and subsequent calvings was found to be 65.8

months or 4.5 years.

The generation interval from sires to their offspring was
calculated on the assumption that bulls were breeding at

Themonths of age and used continuously for one year.24

generation interval equals the average age at breeding plus
39.2 months or

3.3 years.

Genetic gain to be achieved when selection is done in one

(23)Genetic gain

where h
= phenotypic standard deviation

intensity of selectioni
Inserting relevant figures in the equation, genetic
gain will be equal to 57 kg per generation of (4.5 + 3.3)/2

i s3.9
average.

- = heritability of milk yield

(6P

6P

x h2
sex only is estimated as:

x i x 0.675) 1

months (or 5.5 years) and the overall age at calving 54.5

years or

the gestation length i.e. 30 + 9.2 months

14.6 kg per year which 0.6% of herd
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Option 2: (Culling of cows plus bull-dam selection)
ihe second alternative is to combine culling performed in
option 1 with selection of bull-dams. Assuming the best

of1 0% selected selectionbul1-dams,betocows are

intensity in this path will Genetic gain perbe 1 .755.
generation will be (I ) /A- and genetic gain per year+ IDO OS

will be (I + IgC ) / ( Lqq + + LS0 +DO

in option 1 and are equalwill be as 114 kgto
and 4.5 years, respectively.

386 kg.880 kg x 1.755 x 0.25

(114 + 386) kg/ 4Genetic gain per generation will be:
125 kg

selected fromthe assumption that bulls atOn cowsare
i s(becausecalvings theresubsequentsecond and no

the generation i ntervalat fi rst calving),i nformati on
{ 4.5 + 5.5 + (3.3 x 2)}/4 = 4.2 yearsbecomes:

Genetic gain per year will be 125/4.2 = 29.8 kg.

There is more than twice as much gain in option 2 compared
to option 1. The selection differential used here is over­

degree considering that cows would beestimated to some

lds

IDD

Lss > •

and Ldd

ZDS
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culled for other traits besides milk yield such as type,

and fertility.temperament willThese tend reduceto
genetic progress in milk yield.

Option 3: (Option 2 plus progeny testing)
In this option culling of cows and selection of bull-dams
will be complemented with testing of bulls byprogeny
natural service. Al is assumed not to be working as is the

to daughters wi 11 bePaths from damsat present.case
services i m ila r Progeny testing by naturalto option 2.

Iwambi, Ki tulo,in the following way:wi 1 1 be conducted
Mbarali and Uyole farms will participate in the programme

willpercent of beinvolving about 1 400 Ten cowscows.
selected to become bull-dams. Based on growth and physical

selected for test mating on allbulls willcond i ti on, be
Bulls will be rotated among farmsexcept bull-dams.cows
in order progeny evenlyhavetwo months toafter every

farms. While one set of bulls will bein alldi stri buted
units of Kitulo farm thetherotated monthly between 5

MbaraliIwambi, and Uyolerotatedset will be atother
(lowland farms). The two sets of bulls will be swaped after
six months.

annual 1ywill bybe borncalves notAbout 1 100 cows
selected to become bull-dams and of these 1100 x 0.5 x 0.65
= about 360 heifers will reach first calving. According to
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Robertson ( 1957 ), the number of test offsprings per sire

) (24)n

where number of offsprings per siren
total number of offsprings for allN progeny
groups combined
number of sires selecteds

= heritability of trait considered

Substituting figures in the formula (N = 360, 2,s
0.25) n comes to 15 daughters per test bull. This permits
testing of 24 young bulls. Estimates of selection intensity

efficiencyselection and ofof(i ), accuracy
seiecti on (i groupx
entered in Table 55.

From Table 55 it appears that test mating of 20 young bulls
18 daughters is the best alternative to beeach to have

adopted. The two best bulls will be selected and used on
bull-dams only (10% of cows). The selection intensity (i)

Sires of daughters will have anfor bu11s wi11 be 1.638.
intensity ofselection 1 .638 0.1 0.1638.xaverage

(1957) also gave a formula for estimating theRobertson
accuracy of a progeny test:

( rIG)

h2

h2

0.56 / (N / s X h2

which will maximise genetic response can be derived as:

sizes arer,3) for various progeny
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Table 55: Selection intensities (i), accuracies of

selection and efficiencies of selection for
various progeny group sizes

1.638 1.585 1 .4901 . 7451 . 893 1 . 829

0.780.750.740.67 0.710.63

1.162riG> 1.1891 . 225 1 . 239 1.2121.192
0.25 and S 2360 ,N

(25)1) }rIG

correlation between the progenywhere averagerIG
(I) and the breeding value of a sire (G)

as described above (formula 24)

0.74. The genetic superiorities for each
pathway would be:

114 kg

386 kg

2x 4 hi x 6, rIGxP

1.638 x 880 x 4 0.25 x 0.74 = 533 kg

0.1638 x 880 x 4 0.25 x 0.74 = 53 kg

Group size(n) 
No of groups (N/n)

10
36

15
24

18
20

20
18

Select!on 
i ntensity (i)

24
15

12
30

h-

ZSD

ZDD

Accuracy of 
selection (r^)

ZSS

Efficiency of 
seiection (i x

n and h2

In this case r?G

ZDS

= 4 { n / ( n + 4/ h2
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The generation interval from dams to daughters (L
be as before (option 1; from4.5 years) but the interval
dams to sons will now be increased as cows can be used for
planned mating only after completing one lactation and thus
can produce bull calves for breeding from third calving on­
wards .
has been computed to be 6 years (or 72.5 months).

Average age of bulls at progeny testing has been estimated
as follows:

Age when all test heifers have been born 36+9.2 = 45.2
32.0Time to reach calving age
10Time to complete a lactation
87.2Total

If it is assumed that the bulls are used for one year after
from siresgeneration interval totesting, theprogeny

9.2) 102.4 monthsthei r sons
or 8.5 years.

i sThe generation interval
the weighted average of that of progeny tested and tested
bulls; weighted by their contribution to the calf crop.
Thus (3.4 years x 0.9) + (8.5 x 0.1) = 3.8 years.

from sires to daughters (LSD)

Average age at third and subsequent calvings (Lri?)

DD) will

(Lss) comes to (87.2 + 6 +
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(Ldd = 4.5,

Genetic progress per year would then be about 1086/22.8 =
48 kg which is much higher than in options Theand 2.1

progeny testing and from selection of bull-dams.

Option 4: (Suggested breeding plan)

breedable females in large scalei s assumed that al 1It
i nvolved withfarms of a

total of 2000 recorded cows. Other pre-requisites presumed
i nclude:
D establishment of a small Al centre for the zone,

limited importation of deep frozen semen from other□ a
countries of about 1000 doses per year

□ standardized and improved recording scheme
□ to restrict breeds in use to Friesian and Ayrshire

only
improved management of animals for better productiona
coefficients

About 10% of the top best cows (200) are inseminated with
selection based contemporaryMassi mported onsemen.

comparison will be used. With a 90% calving rate about 90

Lgj-6.0 , LS5 = 8.5 and LS[) = 3.8) 22.8/4= 5.7 years.

The generation interval for this option then sums up to

major contribution to genetic progress is obtained from

southern highland regions are
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bull calves will be born, 75 will be weaned. They will be
cested for growth rate with minimumpastureon
supplementation. Approximately 60% can be culled based on
weight for age and estimated breeding values of sire and
clam. Another 33% can be culled for physical defects and

semen quality. Of the remaining about 60% ofpoor cows,
w i 11 be mated bulls. The totalto number ofcows young

heifers for progeny testing (N) will be 1200 x 0.9 x 0.325
hei f ers .351 If two sires will be selected for the Al
the number of offsprings per progeny group whichcentre,

w i 1 1 maximise genetic (according to Robertson,response
195/) will be:

= 0.56 / 351/ (2 X 0.25)
15 heifers

allow test mating of 351/15 bullsih i s will 23 young
annually. Fron Table 55 it is evident that test mating of
20 young bulls each to have about 18 daughters would be the
best alternative to be adopted. The selected bulls will be

remaining 30% of the The rest of themated to the cows.
bulls can be sold to livestock multiplication units (LMU)

heifers are bred or to bull centres (BC) or sold
directly to farmers. Ten percent or so of bulls from non­
bull-dams can also be sold to LMU or BC or to farmers. The
rest can be slaughtered.

where F.

n = 0.56 / N/ (s x k?)
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In the cow population, about 30% will be culled annually
and replaced by young heifers. Among the culled cows, 50%
could be sold to smallholder farms. About 65% of the heifer
calves w i 11born join milkingthe annual 1yherd as
replacements (see Fig. 6).

principle i si t estimate geneticIn possiblenot to
f rom proposed plan because of oftheprogress

imported semen.

breeding plan willingenetic beOveral1 theprogress
derived from:
□ Introduction of foreign germplasm through imported

semen,

□ Selection of bull-dams,
□ Selection of best sires from the population through

progeny testing,
□ Culling of poor cows from the population.

It should be noted further that this plan does not claim
to exploit the genetic optimun or the economic optimum with
respect to proportions of cows bred with Al, young bulls

respectively. More elaborate work on this is required if
deemed necessary.

and on the use of available resources,

the use

or tested bulls,
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

Calf mortality

elsewhere but rates of stillbirth showed a wide range
among farms and were slightly higher than those reported
in the temperate countries. Further research is warranted
on causes and/or factors influencing their occurance.

in general, very high,2 Postnatal death rates were,

low and consequently selection among cows will bebe
minimal and no surpluses would be available for sale.

pneumonia and nutritionaln Diarrhoea/scours,
deficiencies were the main calf killers. Quite a
number of diseases and other ailments could be

controlled and mortality rates reduced through

improved feeding and general husbandry practices.

Reproducti on
f i rst calving calvingandatobservedi he agesmean

intervals were not very different from those reported from
elsewhere in the tropics. Length of calving intervals was

Although there was an encouragingincreasing at Ihimbu.
Kitulo, sub-optimalintervals at thefor calvingtrend

farms requi res furtheri n these twoferti1ity

□ Abortion rates were similar to those reported

especially among heifers, thus replacement rate will
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investi gati ons.

Lactation performance traits

□ Year, parity and calving interval were the most
important non-genetic factors influencing milk yield
trai ts. Correction of lactation records for parity and
calving interval is essential before comparisons are
made.

□ Milk production was declining
in DAFCO farms) and was mainly associated with
deterioration in management. Selection for improved

production is meaningless without simultaneous

improvement in management.

Milk composition

□ The mean percentages and yields of milk components on
test days did not differ from those recorded elsewhere

stage of lactationpercentages were calendar month,
while yields were highly influenced by stageand year,

of lactation, calendar month and parity.
n Phenotypic correlations among yields and percentages

and between yields and percentages were according to
expectation except for some correlations involving
SNF.

on Friesians managed in the tropics. The most

in most farms (more so

influential factors (in descending order) on
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protein and BF could be launched in the southern
highlands of Tanzania provided faster equipment for

and transport is made available.

Day-to-day variations
□ Milk yield was more variable from day-to-day at Uyole

higher milk yields and less accurate recording at
Acceptable precision of lactation recordsUyole.

record!ng.
In this study protein percent was the most variable□
milk component. It was speculated that the result was

in determination. Other milkrelated mainly to errors
components had very low day-to-day variations.

Part and cumulative milk yield
□ The most important non-genetic factors influencing

parity andpart and cumulative yields were year,

significant source of variation from the sixth month
of lactation.

a Part records of mid-1actation had the highest
correlation with total lactation yield as reported in

than at Ihimbu. The difference was attributed to

determinations are installed, personnel are trained

(errors of < 5%) can be achieved with monthly

season of calving. Current calving interval was a

□ Il was concluded that a routine testing scheme for
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the literature. Phenotypic correlations between

advanced signifying part to whole relationship.

it was recommended that:
a) Errors of prediction arising from the use of the

present extension factors be evaluated.
b.) Daily recording could be abandoned and less

frequent (once or twice a month) recording be
adopted. Further studies on less frequent
recording be undertaken in order to determine the
degree of accuracy.

Lifetime performance traits
traits found in this study were□ Means of lifetime

similar to those reported previously in the tropics.

reported in temperate countries with almost similar
calvings or lengths of herdlife.

□ Correlations oetween age at first calving and first
lifetime traits were according tolactation y ;e'd with

two early life traits were importantTheexpectat ion.
predictors of lifetime milk production.
Overall culling rates were below 20% and conformed□
with culling rates reported in the literature.

number of li*et'-e

Lifetime milk production was lower than what is

□ Based on findings from this study, ratio and

cumulative and 305-day yield increased as lactation

regression extension factors were developed. However,
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voluntary through deaths and diseases necessitating
slaughters. Reasons for sales and most slaughters were

slaughter varied between farms.

Future breeding programme
Dairy cattle of southern highlands of Tanzania possess a
broad genetic base which is one of the basic pre-requisites
for a successful selection programme. The type of culling
scheme to adopt entirely depends on resources and presence

the opportunity forof

not reported. Causes for deaths and reasons for

a coordinating agent. Otherwise

However, the major part of the culling was in-

genetic progress is, indeed, quite considerable.
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APPENDICES

Appendix Table 1: Average pre-weaning death rates (%) according to

months of the year

Farm 
Thimbu Iwambi Kitulo Uyo 1 e

January 1.1 1.2 5.S 3.2
February 1.2 2.8 4.4 2.5
March 2.2 2.9 8.5 1.5
Apri 1 3.2 8.1 3.73. 1

6.91.9 1.8 3.0May
5.62.2 2.3June 3.1

2.5 5.4 5.1July 3.5
6.2 4.82.61.4August

0.82.9 5.21.7September
5.2 1.83.21.0October

1.5 5.4 4.4November 1.0
2.5 3.7 5.3December 0.5

Month of 
the year-
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Appendix Table 2: Monthly average and cumulative milk yields and

their standard deviations (s.d.;kg) for Thimbu,
Mbarali and Uyole farms

Farm and no. of lactations
Thimbu (543) Mbarali (459) Uyole (304)

s.d.s.d. s.d.Mean Mean
Monthly 4.5 10.94.0 8.7 4.11 8.0
milk 3.8 11.1 4.12 9.8 3.3 9.3

10.6 4.1yield 2.9 9.5 3.53 9.4
3.53.0 9.88.9 2.8 9.24

9.0 3.32.92.5 8.88.05
3.23.0 8.38.02.47.26

7.3 2.97.1 3.36.5 2.67
3.15.85.9 3.63.05.58
3.23.7 4.43.2 4.44.09
3.13.5 2.72.73.02.610

21.9 7.76.917.96.317.8Cumulative 2
32.5 11.19.727.427.3 8.6milk 3
42.3 14.112.110.7 36.636.0yield 4

16.751.314.245.412.444.15
19.059.616.213.8 53.451.36
20.767.060.5 18.415.257.97

72.8 22.066.5 20.816.663.38
77.2 22.823.170.917.767.39
79.9 23.525.073.618.769.910

Month of 
lactation

Variable Mean
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Data set ' and no. of lactations

1 (599) 2 (992) 3 (357) 4 (891)
s.d. s.d.Mean s.d. s.d.Mean Mean Mean

Monthly 4 7.2 3.9 6.7 3.910.0 5.1 7.8 4.2
mi Ik 8.8 12.7 7.6 3.2 8.5 3.62 3.5 4.4
yield 7.7 8.0 3.33 8.9 3.0 12.1 4.2 3.2

7.6 3.38.9 3.0 3.8 3.3 7.64 11.6
2.9 7.1 3.12.9 3.7 7.35 8.5 10.8

3.03.9 6.6 3.0 6.37.9 2.8 10.16
3.9 3.0 5.8 3.19.3 6.27.37 3.1

2.9 5.0 3.05.28.1 4.33.28 6.7
3.02.9 4.26.8 4.7 4.33.39 5.9
2.92.7 3.14.7 3.05.13.44.810

Cumulative
6.2 16.2 6.78.4 14.322.76.8milk 16.02
8.4 24.2 8.911.7 22.034.89.625.0yield 3
10.7 31.8 11.114.8 29.646.512.033.84

13.137.0 12.7 38.917.757.314.342.35
15.143.6 14.8 45.220.567.416.450.26

16.8 51.0 16.949.776.7 23.318.757.57
18.5 56.0 18.755.084.8 26.221.164.28
20.1 60.2 20.329.2 59.391.723.570.19
21.3 63.3 21.762.332.125.8 96.874.810

I)

3 = Kitulo first lactation records of 1984 - 90
4 = Kitulo second and later lactation records of 1984 - 90.

Appendix Table 3: Monthly and cumulative monthly milk yields and 
their standard deviations (s.d.; kg) for Iwambi and 
Kitulo farms combined

1 = Iwambi and Kitulo first lactation records of 1976 - 83
2 = Iwambi and Kitulo second and later records of 1976 - 83

Month of 
lact.

Variable
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Month of lactation
2 3 74 5 6 8 9 10 LY

1 3635 25 17 10 7 4 2 4 6
62142 88 72 53 43 36 29 21 16

17 702240 3176 95 72 60 483
7429 2357 54 4397 7189674

27 753569 59 5193 985 59 82
7645 3374 6095 988877536

43 7877 5895 98918348 717
7677 5795 9891857741 648

78 7099969180 8672609 38
6010

9992 96888376685636LY

LY = 305-day milk yield
Critical values for significance are: P < 0.05 = 9

11P < 0.01

Appendix Table 4: Thimbu: Partial correlation coefficients
( x 100) mong monthly average milk yields above 
diagonal), cumulative yields (below diagonal) and 
with 305-day milk yield (LY) d.f.=529)‘

Month of 
lacta 
tion 1
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Appendix Table 5: Mbarali: Partial correlation coefficients

(x 100) among monthly milk yields (above diagonal),
cumulative yields (below diagonal) and with 305-day
milk yield (LY)(d.f.= 444)1

Month of lactation
2 7 8 LY3 4 5 6 9 10

9827 21 24 18 14 441 32 31
6029 23 1635 2873 58 442 89

27 7137 2947 3579 6277 953
37 31 754360 42749870 904

7651 41 38547194 9864 845
51 794171 6499959080606

7965 51799895918676567
60 81819991 95868171528
76 749991 9687827647 669

6610
999788 938378726244LY

* Critical values for significance : P < 0.05 = 10
P < 0.01 13

Month of 
lacta — 
tion 1
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Appendix Table 6: Uyole: Partial correlation coefficients (x100) among

monthly milk yields (above diagonal), cumulative
yields (below diagonal) and with 305-day milk yield
(LY)(d.f.=291)‘

Month of lactation
2 4 5 73 6 8 9 10 LY

1 59 3545 27 21 20 14 14 6 54
20 19 742 90 73 59 52 41 33 28

7671 58 47 38 28 21 213 81 95
27 7651 33 2498 70 4175 914
27 732363 45 3395 9869 875

22 22 6965 399892 9665 836
29 6999 60 389693897 62 80

65 41 669993 969085778 59
22 5896 999390878274579

5110
999791 9480847971LY 54

* Critical values for significance: P < 0.05 = 11
P < 0.01 15

Month of 
lacta — 
tion 1
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Appendix Table 7: Data set 1: Partial correlation coefficients (x100)

among monthly average milk yields (above diagonal),
cumulative yields (below diagonal) and with 305-day
milk yield (LY)(d.f.=569)’

Month of lactation
LY2 7 8 9 103 4 5 6

9 4228 9 11 131 51 35 24 15
6940 3239 39 4073 56 492 91

36 7649 4553 5172 63963 81
36 7450 46 4173 579773 904

47 39 78566498 769384665
5071 60 8180989579 896 60
58 8285 7195 99918473547

8381 64999692867968488
8081999788 93837665459
7110

99979585 9080736142LY

* Critical values for significance : P < 0.05 = 9
P < 0.01 =11

Month of 
lacta 
tion 1
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Appendix Table 8: Data set 2: Partial correlation coefficients (x100)

monthly milk yields (above diagonal),among
cumulative yields (below diagonal) and with 305-day
milk yield (LY)(d.f. 960)*

Month of lactation
81 2 3 4 5 7 9 10 LY6

26 19 15 501 42 36 36 32 29 23
7033 2865 55 48 4088 74 442
7545 39 3058 5175 633 78 96
7959 50 43 3475 639871 914

55 49 40 8074 65989567 875
8153 4378 6296 9992836 63

53 8376 6497 999380 88597
78 62 81999790 948556 768

777797 999487 9172 81539
6710

97 999487 9183786950LY

* All correlations were highly significant P < 0.01

Month of 
lacta 
tion
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Appendix Table 9: Data set 3: Partial correlation coefficients(xWO)

among monthly milk yields (above diagonal), among
cumulative yields (below diagonal) and with 305-day
milk yield (LY) (d.f.=336)‘

Month of lactation
2 4 5 7 8 10 LY1 3 6 9

13 14 4551 23 17 14 11 81 36
15 7153 39 2669 53 44 322 90
15 7855 48 37 3276 6579 953

7631 1360 5497 73 4469 884
25 8255 4577 6493 9862 825

46 802878 6195 998956 776
35 7770 5296 99928552 737

75 51 7497 9989 9469 82488
73 6897 9995928667 79469

5010
9995 9889 9377 846545LY

* Critical values for significance: P < 0.05 = 11
P < 0.01 15

Month of 
lacta 
tion
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Appendix Table 10:Data set 4: Partial correlation coefficients

among monthly milk yields (above diagonal), among
cumulative yields (below diagonal) and with 305-day
milk yield (LY)(d.f.=868)‘

Month of lactation
2 4 5 7 9 10 LY1 3 6 8

9 48947 30 22 19 14 9261
19 6742 36 32 23 2463 51882
17 702536 2854 4695 633 78
25 7436 3256 42669770 894

7535 264468 5693 98845 64
7744 3470 599989 9579606
7557 447296 9985 92757 56
70517197 9993888171528

70 6697 999490857850 689
5510

9995 989288837648 66LY

* All correlations were highly significant P < 0.01

Month of 
lacta 
tion
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Appendix Table 11: Reasons for cows to exit from Ihimbu dairy

farm

Within subclass Between subclass
Reason No. % No %

1. Sold

39 28.339 100.0

10.03

30 21.730 100.0
3.Died

6969 100.0 5 0.0
138 100.0Grand total

2.Slaughtered
Infertile
Old age/low production 
No reason given 
Dystocia/uterine 
prolapse
Leg fracture/dislo 
cation 
Recumbent
Others

Poor health 
Lameness
No reason stated 
Others

22
10
10
6

6
2

25
5

11
3
5

5
4
3
9

2
2
4

36.7
10.0
16.7

Tick-borne diseases
Poisoning
Dystocia/metritis
Accident/fel1 in ditch
Helminthiasis/fascio
1iasis
Sudden death
Traumatic pericarditis
Other diseases

31.9
14.5
14.5
8.7

6.7
6.7
13.3

7.2
5.8
4.3
13.0

15.4
5.1

64.1
15.5
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Appendix Table 12:

Within subclass Between subclasses
Reason No % No CV zo

36 100.0 36 8.6

15.665 100.0 65

72 22.8
16.552

1)

100.0 316 75.8316
417 100.0Grand total

1! Included pneumonia, milk fever, lung worms and accidents

Reasons for cow disposals at Iwambi dairy 
farm

2.Slaughtered
No reason stated 
Loss of condition 
Prolapse of uterus 
Hip joint dislocation

56
5
2
2

40
39
31
23
10
10
9
7
5
4
14

86.1
7.7
3.1
3.1

12.6
12.3
9.8
7.3
3.2
3.2
2.8
2.2
1.6
1.3
4.4

1.Sold
No reason stated

3.Died
Poisoning 
Dystocia/metritis/ 
prolapse of uterus 
Liver cirrhosis/ 
fascioliasis
General malaise/old age 
Tick-borne diseases 
Unknown causes 
Reticuloperitonitis 
Haemorrhagic septicaemia 
Abscessation(1iver,lungs) 
Acute mastitis 
Lumpy skin disease 
Bloat 
Other causes
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Appendix Table 13a: Reasons for cows to exit Kitulo dairy farm

Within subclass Between subclass
Reason No No0/ 

/a %

1.

63 100.0 63 3.8
2.

271 54.3
43 8.6

30.4100.0 499499

* Included bad temperament and milk fever

2.6
1.8 
1.0 
0.8 
0.8
1.8

40
39
36
26
13
9
5
4
4
9

Sold
No reason stated 
Stolen from the farm 
Off colour

55
4
4

87.3
6.3
6.3

8.0
7.8
7.2
5.2

Slaughtered
No reason shown
Udder problems-mastitls 
blind teats
Leg paralysis/disloca 
tion/fracture 
Bloat
Dystocia/metritis/vaginal 
prolapse
Sick and weak
Brucellosis/tubercu- 
losis +ve
Infertile
Drowned/strangled
High altitude disease 
Blind
Others’
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Appendix Table 13b: Reasons for cows to exit Kitulo dairy farm

Within subclass Between subclasses
Reason No % No %

3.

65.81082 100.0 1082
1644 100.0Grand total

2I Pleuritis, shock, gastritis, old age

4.3
3.4
2.1
2.0
2.0
1.5
1.4
0.7
0.7
0.6
0.6
5.4

11 Suspected hypomagnesaemia, starvation, Cu and Co 
deficiency

132
109
105
96
86
84
76
66
57

8
7
7

59

47
37
23
22
22
16
15
8

12.2
10.1
9.7
8.9
7.9
7.8
7.0
6.1
5.3

Died
Drowning in water/mud 
Poisoning
Dystocia/prolapse of uterus 
Ruminal tymoany (bloat) 
Unknown/undetected 
Abscessation (lungs/1iver) 
Metritis 
Septicaemia
Liver cirrhosis/failure 
General weakness/nutritional 
deficiency ' 
Pneumonia
Lung worms
Fascioliasis
High altitude disease 
Hydrallantois/hydramnios 
Tuberculosis 
Enteritis
Post parturient downer 
syndrome 
Strangled 
Peritonitis
Other diseases/conditions'1
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Appendix Table 14. Reasons for cow disposals at Mbarali farm

Between subclassesWithin subclass
Reason No No% %

1.
0.0 0.00 0

2.

73.876 100.0 76
3.

27 26.2100.027

103 100.0Grand total

* Included black quarter, babesiosis, liver cirrhosis and 
abscesses

Died
Poisoning
Foot and mouth disease 
Tuberculosis 
Septicaemia
Lumpy skin disease
Bloat
Unknown cause
Other causes’

Slaughtered
Reasons not stated 
Tuberculosis positive
Sick

71
3
2

5
5
3
2
2
2
2
6

Sold
No sales were made

93.4
3.9
2.6

18.5
18.5
11.1
7.4
7.4
7.4
7.4

22.2
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Appendix Table 15: Reasons for cow disposals at Uyole farm

Within subclass Between subclasses
Reason No % No %

1.
319 100.0 319 63.7

2.

126 25.1100.0126
3.

56 11.256 100.0
100.0501Grand total

1)

8.9
5.4
5.4
3.6
3.6
8.9

included septicaemia, enteritis, abscesses, and traumatic 
pericarditis

112
5
3
3
1
1
1

18
9
9
5
3
3
2
2
5

32.1
16.1
16.1

Sold
Reasons not specified

88.9
4.0
2.4
2.4
0.8
0.8
0.8

Slaughtered
No reason given
Dystocia/prolapse of uterus
Sick
T rauma
Infertile
Pendulous udder
Blind

Died
Unknown causes
Dystocia/prolapse of uterus
Poisoning
Destroyed(prolonged
sickness)
Fascioliasis
T rauma/accident
Milk fever
Liver cirrhosis
Other causes’'


