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ABSTRACT

Investigations were made on effectiveness of two sampling
schemes, part lactation vyields and cumulative vyielés for
estimation of lactation milk yield on the basis of fortzightly,
monthly and bimonthly recording. The data considersd wés'
2,96,4%96 first lactation daily milk records of 1044 Kararn Swiss
and 2,386,810 first lactation daily records of 835 Karan Fries
COWS . The two sampling’schemes were systematic sampling and
stratified random sampling. It was found that the prediction of
lactation milk yield {PMY} on the basis of sampling schernss wasl
slightly higher than observed milk yvield (OMY). Tﬁe effscts of
various non-geﬁetic factors on OMY as well as PMY's were
generally similar indicating that the sampling schemes did not
distort such effects on milk vield. For the purpose of prediction
of lactation milk yield on the basis of a single record by ratio
method, the test record taken during 9th to 10th fortniéht or
fourth to sixth month or second bimonth gave highest accuracy of
prediction; whereas by regression method the maximum acc:récy of
prediction was obtained on the basis of 12th and 13th fcrtnight
test record and part yield or sixth/éeﬁenth month or 3rd timonth.
Similarly, for the purpose of prediction of lactation milk yield
on the basis of two test records by_fcrward selection ztepwise
regression method, the maximum accuracy was cobtained on the basis
of 3rds/4th and 12th/13th fortnight test records or .ad and
6th/7th month test records and part yields or lst and 3rd bimonth
test records and part yields. Further, for the puriose of
prediction of' lactation nilk yield on the basis of - thrze test
records by forward selection stepwise regression metZod the
naximwm accuracy was obtained during 3rd/4th, 12th/13th ard 17th
fortnight test records and part yields or 2nd, 6th, ©@th mcnth or
lst, 3rd and 4th bimonth test records and part yvieids. W#Wken more
number of test records or part records were congidered as
independent variables, there was increase in accurzcy of
prediction but- at slower rate. The accuracy of predicrion of
lactation milk vyield was highest at shorter interval of

recording, the error variance of prediction increased with



increase in testing interval. The systematic sampling scheme
gave slightly better precision of estimafes as compared to
stratified random sampling scheme. The highest estimates of
heritability were obtained for 10th fortnight yield, 5th month
yield and 1st himonth'yiéld for KS and 13th fortnight yield, 7th’
month yield and 1st binonth yield in KF. The heritability
estimate of cumulative part yield was highest for first 180 days
part yield for KS and for first 210 days part yvield for KF. The
estimates of genetic correlations between OMY and PMY's under
various sampling schemes were very high ( > 0.95). The breeding
value of 51 KS sires and 54 KF sires were estimated kv four
methods, wviz., daughter's average (I;), contemporary cohparison
(I2), least square analysis (I3) and best linear unbiased
prediction (BLUP; I4). For KS sires,‘highést average breeaing
values were obtained by nethod I4, whereas for KF sires, Eighest
average breeding values were obtained by method Ij. The ranking
of methods on the basis of average breeding value of OMY and PMY
under two sampling schemes and three testing intervals were
similar. The contemporary comparison method was found to be most
efficient for both breeds.'.The part-yield for which heritability
was higher less number of daughters were required. The nuober of
part records éround mi¢ lactation {9th to 13th fortnight) was
nearer or slightly hicier than number required for ccmplete
lactation milk yield for the purpose of sire evaluation with sane
accuracy, it was found that for organised farms, minizum 12
daughters per sire should be available. Cecmparing the cost  of
recording and number of dzughters required under various sampling
schemes, it was concluded that bimonthly stratified random

sampling scheme would be optimun.



SYMBOLS AND ACRONYMS USED

AFC : Age at first calving - days.

oMY : Observed first lactation milk yield 300 days or
less - kg.

PMY : Predicted first lactation milk yield 300 days or,
less - kg.

S1 : Fortnightly systematic sampling schene.

S2 : Monthly sfgﬁematic sampling scheme.

S3 : Bimonthly systematic sampling scheme.

Sa , : Fortnightly stratified random sampling schene.

S5 : Monthly stratified random sampling scheme.,

S6 :_-Bimonthly'stratified random sampling_scheme.

CMY : Monthly cunulative milk yield.

Iq : B8ire index by daughter's average index.method.

Ig : Sire index by contemporary comparison method.

I3 : Sire 1index by least sguare analysis method.

I . : Sire index by best -lineér unbiased prediction
{BLTP) method.

-KS : Karan Swiss breed.

KF : Karan Fries breed.

h : Regfession coefficient.

d.f. : Degree of freedom.

NS : Not significant,

M3 : Mean sum of square. .

DCB : Dairy Cattle Breeding Division.

ICAR : Indian Council of Agricultural Research.

NDRT : National Dairy Research Institute.

NBAGR/NIAG : National Bureau of Animal Genetic Resources and

National Institute of Animal Genetics.

DEMS : Dairy Economics, Management & Statistics Division.
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1. INTRODUCTION

The genetic improvement of indigenous cows for higher milk
production can be brought about at faster rate by crossbreeding
them with progeny tested bulls of exotic breeds known for higher
milk production. According to Dairy India (1992) statistics, out
of 201 million cattle in India, 10 million were crossbreds. It
is estimated that in India over one million inseminations with
exotic or crossbred bulls are currently being carried out every
vyear and that the rate of production of crossbreds in Intensive
Cattle Development Project areas and other areas covered by
Operation Flood is on the increase. The agencies involved in
croés—brgeding prograﬁme ‘in India are Military Dairy Farns, -
Indian Council of Agricultural Research, National  Dairy
Development Board, State Agricultural Universities, Livestock
Farms under Animal Husbandry Departments of central and state
Governments, the Bharatiya Agro-Industries Foundation (BAIF),
Kerala Livestock Development Corporation, private breeding farms,

co-operative milk societies etc.

The performance of crossbred cattle at various regions of
the country is different. For example, in Kerala where the
progeny testing programme on crossbred bulls had been initiated
in field conditions, the first lactation milk vyield of §,956
recorded cows during 1977-87 was 1,550 kg {KLD and MMB, Annual
Report, 1985-88). The average first lactation yield of 449
Holstein Friesian (HF) x local crossbreds cowg, born out of 23 HF
bulls, was 2142.8 kg in Ludhiana district (Garcha and Dev, 1985).

Some of the results of investigations at organised farms on
crossbreeding indicate that there is decline in milk production
among F-~2 cows as compared to F-1 cows. However, proper
selection of females and males has been recommended for

improvement among crossbreds over subseguent genérations (Gurnani



et al., 1986b). Singh and Gurnani (1981) reported that the body
weights and growth rates of Brown Swiass X Sahiwal females were
higher in half-breds in subsequent generations as compared to
F=-2. They concluded that the fall in average body weight géin
from F-1 to F-2 might be attributed to the effect of heterosis
but higher body weights of F-3 and -1/2 miscellaneous as compared
to F-2 indicated that heterotic effects are not of much
importance. The increase in body weight from F-2 to F-3 and 1/2-
bred miscellaneous crosses indicates that there might be the
effect of involuntary selection for higher body weights wherein
the additive genetic effects are exploited. Therefore, for
maintaining high level of milk production of crossbred cattle and
their further improvement, it is necesséry to execute préper
programmes of genetic evaluation of females and. males and
selection of animals of high genetic merit. The investigations
on modes of genetic improvement around the world indicate that
proper - genetic evaluation and selection of bulls brihgs about -
more than 75 per cent of the actual genetic inmprovement.
Farther, genetic evaluation of the bulls should be conducted at
minimum possible cost. For bringing about improvement of
farmers' cows, it is necessary to evaluate the performance of the
bull's daughters in farmers' herds. The recording of milk yield
of farmers' cows on daily basis will obviously be more costly.
Therefore, a sound and economic field level milk recording system

has to be evolved,

In s=ome countries advanced in dairying, viz. U.8.A.,
Denmark, Israel, the Netherlands, Norway and Sweden, more than 50
per cent of the total dairy cow population is recorded, while in
most developing countries production figures in individual
animals are usually available for only a tiny proportion of total
cow population (McDowell, 1972). Nevertheless, importance of
herd recording has been keenly felt in developing countries and
serious efforts are underway to implement it. Apart from paucity
of funds, the problems in establishing sound milk recording
system in developing countries are: (i) low educational level of

farmers, (ii) lack oquhalified extension workers and recorders,



(iii) small herd éize, (iv) few incentives for farmers to record
their cow, (v) poor communications, (vi) unrecognised need for
progeny testing and other breeding programmes, and (vii) poor

data collection and processing facilities (Lindstrom, 1976).

It is now well recognised that as long as individual farmer
remaing unconvinced of the gains of herd recording system, its
development would remain a difficult proposition inspite of much
needed efforts of"' the (&ovérnment agencies and other
organisations. This calls for need of devising a recording
system which 1s simple, involves least cost on account of
evaluation of production ability of cows of the herd and should
provide unbiased and efficient estimate of breeding value of cows
and bulils. '

Selection  of sires to be.used for 'breeding under field
conditions in India has been practiced to a limited extent on
snall number of bulls tested under progeny testing programmes in
the organised farm conditions and to some extent 1in farmers'
herds. However, to make the selection of breeding bulls more
effective and efficient, it is essential to conduct . progeny
testing of as many number of bulls_aé'possible and thét too by
involving large cattle population in fural areas, The main
obstacle 1is that the daily milk recording system is neither
economically nor physically feasible because of a large number of
cows required to be recorded. It is, therefore, importaht to
explore the pogsibility of designing an appropriate test-day
recording system applicable under prevailing field éonditions in

India without sacrificing the reliability of results.

Earlier studies conducted in India on periodical . recordings
mainly used the fitting of lactation curves. The fitting of
egquation in lactation curves is not only computationally
cunbersome, but tends to underestimate or overestimate the
lactation vyields. Therefore, it was considered appropriate to

examine the efficacy of various sampling schemes using alternate



simpler methods like ratio, simple linear and multiple linear

regréssion.

Further, besgides use of farmersg' cows, it is recommended
that some daughters at organised farms should also be obtained to
improve the accuracy of sire evaluation. For this purpose, eaFly
cows' and bulls' evaluation may be done  on the basis of part
lactation yields. This approach reduces the generation interwval
but is expected td 'reduce the accuracy of sire evaluation
specially in our situations where progeny group Size 1is small.
Therefore, it 1is necessary to examine the repeatability of
evaluation of breeding value of bulls at different progeny group
sizes and to explore the possibility of designing an appropriate
recording . system which is efficient, cheaper, . acceptable to

dairyman and adoptable under Indian field conditions.

Therefore, this investigation was undértaken with the

following objectivés:

1. To examine the efficacy of prediction of lactation milk
vield of crossbred cows on the basis of milk recording at

different intervals and part yields of varying durations,

2. To examine the efficacy of sire evaluation on the basis of

various milk recording schemes and part yields. .

3. To determine the progeny group size required for various

accuracies of sire evaluation under various milk recording

schemes and part yields.
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2. REVIEW OF LITERATURE

2.1 ESTIMATION OF LACTATION MILK YIELD FROM VARIOUS SAMPLING
SCHEMES

Recording the performance of an animal is essential for
evaluation of its genetic worth for selection purposes. In most
of oraanised herds in India, the milk recording is generally
conducted at every time of milking every day.  This gives
estinate of actual lactation milk vield of cows when there is
weaning of calves at their birth. Though daily milk recording
gives the actual production, it is very expensive to record all
cows every tinme ‘daily in farmer's/field conditions by any
external agency other than the farmer himself. The ezxpenditure
of milk recording would be very high especially when the number
of cows per farmer is small and the farm holdings are scattered
in different pilaces. Therefore, it is advisable to record the
milk performance of cows at suitable intervals of time. Although
milk recording at long intervals introduces some sampling errors
for estimation of lactation yield of individual cows, but when
the records are pooled, as in the case of sire proving, the
gampling error percentage is likely to be small. The accuracy of
prediction of lactation milk yield on the basis of recordings at
short intervals . is expected to be higher as compared to the
accuracy of predictions of lactation milk vields on the basis of
recordings at longer-intervals‘ Mcst of the research work on
nilk recording schemes has been conducted on purebred cattle.
Since in 1India crossbhreeding of cattle has been taken up in
several parts of country, therefore, it is necessary to examine
the accuracy of prediction of lactation milk yield of cows and
breeding value of bulls on the basiz of various periodical
recording schemes, The review of literature, therefore, has been
made to know about the work already done about relative accuracy



of varioue milk recording systems in various breeds of dairy

animals, especially cattle and buffaloes.
2.1.1 FORTNIGHTLY RECORDING

Davey and Alexander (1955) reportéd that the average error
as 2.5 per cent of actual yield from test day yields taken at

fortnightly intervals in Jersey cows.

Amble et al. (1959) and BAmble and Rajagopalan (1960)
estimated the lactation milk yield from test yield recorded at
different intervals by simple random sanmpling and systematic
gampling in cattle and Huffaloes in India. Recording every two
weeks provided an estimate of lactation yield of a single animal
with a standard error of about two per cent. They reported that
gystematic sampling was better than simple random sampling method.
for estimation of lactation yield from test day records. On the
basis of average error of estimate and their standard deviatidn,
they recommended fortnightly recording to get reliable estimates

of lactation yield of an individual animal.

. Youssef et al. (1961) obtained the errors due to estimation
as 1.56 per cent for recording at two weeks interval in Egyptian
buffalves. The frequency of errors of more than + 5 per cent was

one in 168 for recording at two weekly interval. -

Agarwala (1962) found that irrespective of level of
production the value of correlation increased as the interval
between the recordings decreased. Recording of milk production
after every 10 days for predicting the lactation yields was found

to be most reliable._

Ivanov et al. (1969) estimated that the difference between
observed milk yield (OMY) and predicted milk yield (PMY) under
fortnightly milk recording was 66 kg in pure bred cattle and 36
kg in Danish Red crossbred cows in Bulgaria. The correlation



between OMY and PMY estimates was 0.800 and 0.860 in pure breds
and crossbreds, respectively.

Kooner and Pal (1971} studied milk recording of 157
lactations of 166 Murrah buffaloes twice monthly and found it to
be the most accurate; the correlation between estimated and

actual lactation vields being 0.966.

Rao (1977) reported that the average error in the estimation
of lactation milk yield from test day yields recorded at two
weekly intervals ranged from -1.52 to 0.63 per cent in Sahiwal
and 1its crosses and the percentage of average absolute error
rangéd from 2.01 to 3.62.

) Kaura et al. (1983) found the estimate of phenotypic
correlation betweén actual lactation milk yvield and fortnightly
'predicted milk yield as 0.99. Fortnightly A.M. and P.M. milk
recordings gave more accuracy than monthly and bimonthly

sampling.

Murthy et al. (1984) used the 15th, 30th and 45th day to
prediet lactation milk yield by multiple regression equation in
Ongole cattle. Correlation between 15th day milk vyield and
lactation milk yield was 0.64, Further predicting the lactation
yield based on the records of day's nilk vield taken at fixed
days or at random from 25 to 35 and 40 to 50 days of 1lactation
was highly reliable. The accuracy (R23 of prediction was 97 and
9] per cent, respectively.

Anderson et al. (1986) obtained the significant differences
among estimates of lactation yield on the basis of two  weeks,
one week or three day sampling intervals in 39 Holstein cows of

seven herds of exotic cattle in U.S.A.

Agrawal et al. (1987} recorded daily milk yield in 77
Harvana cattle and 115 Murrah buffaloes at intervals of 7, 14, 28
or 56 days. There were no significant 'differences in the



accuracy of estimated milk yield on the basis of tests sampled at
interval of 7, 14 or 28 day®, but =mignificantly higher estimates

were obtained for cows sampled at 56 days interval.

Crosse et al. (1988) reported that most accurate method for
estimating total lactation yield was based on cne-day recording
per week. The error increased as the interval between recordings
increased. The majority of yields were within 5 per cent of the

true yvield when recording was frequent.

Dass (1991) observed that the accuracy under systematic and
gstratified - random sampling was better with shorter testing
intervals under fortnightly sampling; the per cent average error
was lower under stratified random scheme. Variability in actual
first lactation yield on drawing samples at fortnightiy intervals
could be explained to the extent of 98 per cent under syétematic

and stratified random sampling schemes.

2.1.2 MONTHLY RECORDING

Erb et al. (1952) observed that the calender month method
showed twice as much variation as the centering date method, but
the former was not likely to be in error by more than +5 per cent
for first calender month in 25 per cent of records, not more than
312 per cent in one per cent of the records. Percentage error in
estimating milk vield exceeding by 25 per cent of the records was
2.4 for 30 days testing interval. The accuracy of. the different
intervals of testing was grossly influenced by the stage of

lactation in which cow was first tested.

Ashton (1956) reviewed the findings of various workers
comparing different milk recording systems and reported that
monthly recording could be used for obtaining a fairly reliable

estimate of individual cow's lactation yield.

amble and Rajagopalan (1960) obtained a standard error of 4

to 5 per cent in village herds of cows and buffaloes. There was



~a correlation of 0.90 between monthly and total lactation yield
rahkings. To reach a rank correlation of 0.80, it was necempary

to record over 55 per cent of the lactation duration.

Jajisorowski et al. (1966) found a correlation of 0.985
between milk vield estimated from monthly recording and actual
lactation milk yield. The absolute mean error of the estimatioﬁ
was 87.6 litres. There was a correlation of 06.949% between vyield

at morning and tctal daily yield. '

Poly and Poutous (1966) proposed that in order to reduce the
cost of monthly recording each animal should be recorded every
month at a single milkiﬁg, alternating between morning and
evening, daily milk vield being estimated- by -doubiing the
recorded vyield. The accufacy of this type of recording was
estimated by ratio method, This ratio estimate did not exceed
actual vyield by more than one per cent. They suggested that
alternate monthly milk recording system was suitable for progeny
testing programme.

Cunningham and Vial (1968) concluded that the conventional
centering date method of calculatihg yields was more accurate
than a method based on tests in the first four months of the
lactation. It was also more accurate than multiple regression
methods based on monthly test day yield, lactation length and
calving date. The monthly testing was more accurate than
bimonthly testing.

Everett - et al., (1968) reported that the Dairy Herd
Improvement Association (DHIA) method of testing in Usa
overestimated actual production by an average of 57.3 kg "milk
under monthly testing scheme. Adjusting production in the first
and last test pericds reduced the mean deviation from actual
production upto 1.5 kg milk for monthly DHIA testing.

Ivanov et al. (1969) reported that the estimated lactation



10

yields, with 5, 10, 15 and 30 days recording intervals, were less

than actuval yield in dairy cattle in Denmark.

McDaniel {1969) reviewed sixty research reports dealing with
the estimation of lactation yields in Bos taurus cattle from
samples taken at wvarious intervals. The average error in
lactation yield was primarily a function of the length of the
interval between tests. The variation in errors in milk yield
(sd = 2,7%) from monthly testing for a 24 h period appeared to be
lower than those for Tat per cent (sd = 3.5%) or milk fat yield
{sd = 5%) from the same testing scheme. Actual distribution of
errors showed that at least 90 per cent of predicted milk yields

were within +5 per cent of true production.

Ivanov et al. (1969) reported that the estimated lactation
yield under monthly recording interval was 150 kg less 1in
purebred and 154 kg less in crossbred cattle as compared to

actual milk vields in Denmark.

Rai (1971) wused 30 days sampling interval and three
computing methods, wviz. (1) no adjustment, (2) first test
adjustment, and (3) first and last test adjustment of records.
The average errors of estimate based on monthly samples by the
three methods were 0.632, -0.02 and -0.13 per cent, respectively

in Jersey and Friesian breeds of cattle.

Vachal and Berea (1971) revealed that the error of-
estimation of individuwal lactation milk yield from monthly
recording was less than one per cent of actual yield in Holstein

Friesian cows.

Kadiiski (1973) found the average error per cent for 10 and
30 day recording intervals as 0.4 and 1.4 in Bulgarian Simmental
cows and as ~-7.5 and -10.0 in Bulgarian Brown cows. Banis et al.
(1974) repodorted that the averages of actual and estimated
lactation vyields from milk records made at 10 and 30 days

interval were more or less similar.
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Robertson and 8peight (1974) found that 90 per cent of
records obtained by the method practiced by the Scottish Milk
Marketing Board were within 5 per cent of actual yields and 100
per cent within 10 per cent on adopting recording once every four

weeks.

Lindstrom (1976) predicted lactation yield under monthly
testing interval recording scheme in dairy cattle ian Kenya. He
found average error to be 1.34 to 1.52 per cent of actual milk

vield.

Rac (1977) reported that the average error in the prediction
of lactation milk yield in four weekly intervals ranged from
-1.66 to 1.00 per cent ;nd average absolute error ranged from
2.82 to 4.55 per cent in Sahiwal and its crosses with Brown
Swiss. The avefage errof ranged from 0.95 to 67.8 kg in weekly to
12 weekly sampliné interval. Average absolute error showed a
definite increasing trend as the interval of testing increased
from one week (3.78 kg) to 12 week interval (8.07 kg).

Higgins {(1979) obtained the range of error in estimating the
lactation milk yield from monthly testing.as -7.7 to 6.0 per cent
of actual lactation yield. He also observed that in 95 per cent
‘of the lactations, the error was less than 4.7 per cent and for

43.6 per cent of cows the error was less than one per cent,

Kaura et al. (1983) recommended the monthly recording of
A.M. and P.M. milking under field conditions which was as
accurate as fortnightly recording. They found mean differences
of +60.2 to -39. 6 kg between predicted and actual lactation
yield. The error variance increased with increasing sampling

interval.

Murthy et al. (1984) studied the efficacy of prediction of
total lactation milk yield or 300 days milk yield based on single
day niilk yields of 15th, 30th and 45th day by multiple redression
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equation. He observed 98 per cent of variation in prediction of
300 daye milk yield under single test day milk recording on 15th,
30th and 45th day.

Chacko et al. (1984) reported that the method of estimation
of lactation yield in Kerala was to have the sum of recordings
multiplied with half of the recording interval before and after

the respective recording.

Garcha and Deﬁﬁi1985) reported that in Ludhiana the milk
production was recorded at monthly intervals, that is one day in
a month for 10 months on each cow. The first milk production
record was generally obtained within a month of calving.
Lactation milk yields for 305 days were computed from the monthly
records and compqrison of the bulls was made by using two methods
(1) based on simple.average of daﬁghters and (2) based on least
sgquare means for each sire in which adjustment was made. for the

effects of years, month of calving, AI centre and type of farmer.

Lee (1985) found that 98.83 per cent production records
under monthly test day recording fell within 5 per cent of actual
value. The range 1in errors was 0.94 to 5.65 per cent.
Correlations between individual monthly test day yields and
actual 305 day vields ranged from 0.33 to 0.81; these were

increasing from month one to month three and then decreasing.

Kulkarni et al. (1985) studied the effect of using test day
yields at intervals of 28 + 7 days for estimating lactation milk
yield., The deviation of estimated yield from actual yield ranged
from -88.5 to 132.6 kg (-7.83 to +11.9%) for buffaloes yielding
less than average and from -140.9 to +166,75 kg (=-7.95 to 11.9%)
for those yielding more than average. Deviations of estimated
yvields from actual yields were -55.9 to +112.1 kg (-7.43 to
11.99%) for those yielding more than average. Deviations of
estimated yields from actual yields were -55.9 to 112.1 kg (-7.43
to +11.99%) for buffaloes with lactations less than 251 days and
from -140.9 to +166.8 kg (-7.95 to + 11.90%) -for those -with
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longer lactations. It was further found that among all the
estimates, B81.67 per cent were within 5 per cent of the true
yield. They considered method of calculation of yield with 28 +
7 days interval for milk recording buffaloes under field

conditions to be satisfactory.

Anderson et al. (1986) studied effect of length of sampling
intervals on accuracy ©f estimating total lactation yield. They
suggested 30 days sampling interval to give most accurate

estimates of lactation yield.

Agrawal et al. (1957} concluded that interval of 28 days
would be the most appropriate and that a complete day milk vyield
could be based on "an evening milking plus that from the morning

milking the following day".

Khanna and Balaine (1988} studied the reliability of regular
and irregqular interval recording with variable centering date in
estimating milk yield o¢f crossbred cattle, They found that
centering dates later than 30th day underestimated yield when
sampling was carried ount once or twice per month. Magnitude and
direction of bias and sampling error were influenced by thel.day

"of lactation on which the first and last samples were taken.

Anderson et al. (1989} sampled daily milk yield using
different frequencies and spacing of samples to investigate
accuracy and precision of estimating total yield. Sanpling
methods differed significantly in ability to predict total yield
accurately, and nearly all methods tended to overestimate actual
vield. However, sample biases were ingsignificant for all egually
spaced methods. The largest biases occurred when the post peak
period was sampled infrequently. They suggested that the
convenient and conventional 30— day equal interval sampling
procedure should give acceptable estimates of total lactation
milk yield in practice. Sampling emphasis on the post peak
period was important in determining the magnitude of biases in

non-linear procedure.
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Gujar et al. (1589) investigate& the efficiency of various
milk recording systems for estimating lactation yield in Kankrej
cattle and concluded that recording once'per month on a fixed
date would be satisfactory under practical conditions, and that
the actual lactation duration of the individual cow should be

used as the measurement of length of lactation.

Dass (1991) rePortea that the estimates of error, absolute
error and standard deviation of error under monthly systematic
and stratified sampliné schemes in estimating 305 days or less
milk yield using ratio method were 26.77, 68.56, 84.57 and 33.63,
74.15 and 89.64 kg, respectively. The systematic sampling was
found to be better in monthly test Iday interval than the

gtratified random sampling schene.
2.1.3 BIMONTHLY RECORDING

Erb et al. (1952) found that the daily variation among 62
lactation simulated records from daily yvields of nine cows was
such that bimonthly sampling would give an error of 3.4 per cent
or more in one milk record out of four, the comparison of monthly
and bimonthly estimates of milk and fat productioh of 306 DHIA
cows indicated that differences between monthly and ‘bimonthly
estimates of milk yield to be around 7.2 per cent. The rank
correlations between the yields of cows estimated by bimonthly
and monthly recording within each herd-year indicated that 70 per
cent of the correlations were 0.91 or greater. Repeatability
estimates on 5,557 bimonthly lactations of 2,436 cows were 0.44
versus 0.49 for monthly (ignoring year differences) and 0.57
versus 0.61 for monthly recording eliminating years, the
reliability of a single bimonthly lactation records in ranking a
cow or producting ability was 96.6 per cent of that for a

lactation based on monthly testing.

Amble and Rajagopalan (1960) analysed data of village herds
of cows and buffaloes. Bimonthly recording provided standard

error of about 10 per cent.
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Cunningham and Vial (1968) found that bimonthly testing was
little less accurate than monthly testing. They also reported
that the wuse of bimonthly recording in combination with the
conventional method of calculating yields would reduce the

accuracy of progeny testing.

Everett et al. (1968) used modified centering date method: of
testing in USA. They modified the previocus DHIA method to adjust
production in the first and last periods according to the day of
lactation. The previous method of testing overestimated actual
production by an average of 80.8 and 80.8 kg of milk for
bimonthly and trimonthly testing, respectively. Adjusting
éroduction in the first and last test periods reduced the mean
deviation from'actual production by 1.5 and -2.9 kg of milk in
bimonthly and trimonthly recording, respectively. It was
concluded that correcting test day production for the - stage of
lactation in the first and last test records merits consideration
because of the more acchrate estimate of actual production
obtained and the reduction in the variance of the deviations of

DHIA estimates from actual yield.

Lamb and young (1968) found that lactation total yields for
milk and fat estimated from bimonthly tests by several different
computational procedures generally had small positive biases
(upto 2%).

McDanial (1969) reviewing the different reports on cattle
observed that errors in milk yields computed £from bkimonthly
samples were about 30 per cent greater than those based on
monthly tests. He was of the opinion that accurate cow ranking
and progeny testing could be based on samples taken as much as

two months apart.

Rai (1971) designed experiment to investigate the
possibilities of lengthing DHIA testing interval. He used three
sampling intervals (1} 30 days, (2) 60 days, and (3} 90 days and
three . computing methods, viz. (1} unadjusted, (2) first test
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adjusted and (3) first and last test adjusted to estimate the
lactation milk yield. Be found that the average errors were of
the order of 0.84, 0.21 and ~0.24 per cent for bimonthly and
0.84, 0.87 and -0.14 per cent for trimonthly recording scheme for
no adjustment, first test adjustment and first and last test
adjustment of computation method, respectively in both the
schemes. The average errors of bimonthly first test adjusted aﬁd
trimonthly first and last test adjusted estimates were closer to
zero than that of monthly adjusted estimates. If the first test
were delayed to about the tenth day of lactation, the trimonthly
first and last test adjusted estimates could be an alternative to

the monthly unadjusted estimates.

Rao (1977) inferred that average error in the estimation of
lactation milk from test- day yields recorded at 8 weekly
intérvalsl_with first test.comﬁencing in different weeks, rangea
from -4.41 to 2.61 per cent and absolute'error ranged from 3.87
to 6.56 per cent in Sahiwal and its crosses. The standard
deviations of error were larger in Sahiwal (306.93 to 397.50 kqg)
as compared to crosshreds (95.94 to 202.51 kg).

Lee (1985) obtained the estimates of 305 day yield from
bimonthly test day records; he found that 89.22 per cent of
estimates were within 5 per cent ©f actual values; the range in
errors was @.01 to 7.36 per cent; the mean error was 1.96 per
cenrt and standard error of mean was + 0.14 per cent. The ranking
of cows culled on the basis of mnilk yield estimated from
bimonthly recording would have'been similar to that of cows

culled on the basis of monthly recording.

Agrawal et al. (1987) found higher estimates of = prediction
for cows sampled at 56 days interval in Murrah buffaloegs in field

conditions.

Khanna and Balaine (1988) reported that the estimation £from
samples taken at bimonthly and trimonthly intervals over-

estimated milk yield under regular and irregular interval
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recording with variable centering date in estimating milk yield
of crossbred cattle. The magnitude and direction of bias and
sampling error was influenced by the days of lactation on which

the first and last samples were taken.

Dass (1991) studied the efficacy of prediction of lactation
yield in Murrah buffaloes based on bimonthly milk recording under
systematic and stratified random samplihg schemes using ‘ratio
method. The estimates of average error, per cent average error,
average absolute error, per cent average absolute error and
standard deviation of errors were 4%9.21 kg, 3.02 per cent,
120.97 kg, 7.44 per cent and 167.57 kg under systematic schene
respectively.: In similar fashion, the estimates were 53.02 kg,
3.25 per cent, 120.04 kg, 7.33 per cent and 144.92 kg under
sﬁratified random sampling schemes. Stratified random sampling
scheme became more efficient at bimonthly testing day interval as

indicated by per cent avefage absolute error and standard

deviation of error.

2.2 PART LACTATION STUDIES

Part 1actatiqn records cculd be used to reduce the time
required for progeny testing of bulls and to have estimates of
the -é;oductivity of cows soon after her first calving for the
- selective decisions, The rate of annual progress in improving
additive genetic merit for lactation yield when selecting on part
records could be improved by reduction in generation inter?al but
may be reduced due to reduction in accuracy of estimation of
breeding value of animals. The literature on inheritance of part
lactation vyield, their relationship with complete lactation
yield, Iprediction of complete lactation yield from part yields
and the value of part records in sire proving are reviewed in the

following sections,
2.2.1 INHERITANCE OF PART LACTATIONS

The: estimates of heritability of different parts —of-
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Table 1. The heritability estimates of different parts of lactations
8l. Species/breed Component of h2 Author(s)
No. lactation
1. Holstein cattle First 120 days 0.34  Madden et al. (1955)
-do- First 274 days 0.63 —do-
2. European breeds Figéf 70 days 0.36 Rendel et al. (1957)
3. Jersey crossbred 1st month yield 0.19 Searle (196f%
' 2nd v 0.10 ~do-
3rd - " 0.14 ~do-
4th " 0.10 —do-
5th =~ " 0.08 -do-
6th " o 0.11 —do~-
7th " 0.07 ~do-
-8th " 0.08 —do~
9th " 0.08 —do-
10th " 0.10 =-do-
4. Holstein Early 90 days 0.18 Smith and Legates
of first (1962)
lactation
Early 90 days 0.38 ~do-
of later
lactation
5. Ayrshire 5 months of 0,40 VanVleck (1964)
first lactation '
Guernsey -do— 0.03 —do-
Jersey —do- 0.20 -do-
Brown Swiss —do- 0.59 -do-
6. Harvana cows 15 days milk yield  0.22 Singh et al.(1967)
75 days " 0.39 -do-
135 days " 0.63 ~do~
305 days " 0,32 ~do-
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81. Species/breed

Component of h Author(s)
No. lactation
7. Haryana cattle 3rd month to Bth 0.12 to Singh and Acharya
month milk yield 0.33 (1969)
—do- lst eumulative part 0.16 to —do-
to 8th cumlative 0.43
part
8. Murrah buffaloes First month yield 0.76 Ighalluddin et al.
. (1970)
—-do- Cumilative 3 months 0.82 ~do-
vield
—ao— Cmm.llativé 5 months 0.6l —do-
- vield
—do— Cumilative 7 months 0.52 ~do-
yield
~do~ 300 day milk yield 0.47 —do-
9, Marrah buffaloes Cuamilative 9 months 0.30 Kushwaha et al.
yvield {1972)
—do- Lactation milk yield 0.14 -do~-
10. Murrah buffaloes 1st to Bth cumilative 0.21 to Gokhale (1974)
monthly vield
. =do- 1st month milk yield 0.272 -do-
-do- 2nd month " ¢.157 ~do~
~do- 3rd month " 0.198 -do~
~do- 4th month " 0.207 ~do-
-do- 5th month " 0.233 -do—
—-do- 6th month " 0.197 ~do—
—do- 7th month " 0.190 ~do~
—-do- 8th month " 0.249 ~do-
—do- 9th month " 0.121 ~do~
—do- 10th month " 0.152 ~Jdo~
11. Cattle 1st to 10th cumulative (.18 to  Auran (1976)
test day yield 4.25
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15& Karan SWiSS .
—do-
~do-
—~do~
—do-

Karan Fries
“do-
—do-
—do~
~do-
—do-
-Jo-
—do-

16. Haryana cattle

~do-

17. Haryana cows

5th month vield

6th month yield

First. 60 days yield
First 180 days yield
First 210 days vield
First 240 days vield
First 270 days yield

First 60 days yield
First 90 days yield
First 120 days yield
First 150 days yield
First 180 days yield
First 218 days yield
First 240 days yield
First 270 davs yield

4th month yield

120 days cumlative
milk yield

/150 days milk yield

'§1. Species/breed Compoonent of h Author(s)
No. lactation
12. Buffaloes First 30 days yield ¢.13 Rajendra Kumar (1978}
—do- First 60 days yield 0,17 ~do-
~do- First 90 days yield  0.22 ~do-
13. Buffaloes First 90 days yield 0.03 to Reddy (1977}
: 0.49
- —do~ First 180 days yield 0.20 to —do-
0,32
~do~ " Pirst 270 days yield .0.41 to ~do-
. 0.50
-do- First 305 days yield -0.08 to ~do-

0.27

0.723 Sharma et al.

{1980}
0.875 ~do--
0.05 Mehta (1961)
0-01 "'dO"'
0.03 «do-
0.07 ~do-
0.0L ~do~
0.88 ""do"
0.99 =do-
0.9% ~Jo-
.92 -do~
0.79 ~do—~
0.77 —do-
0.74 -do-
0.79 ~do-
0.34 Sharna et al.
{1983}
0.42 ~do-
0.36 Singh and Tomar

{1.983)

contdevecinn
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8l. Species/breed Corgonent. of 'h2 Author({s)
No. lactation
18. Buffaloes 1st month yield 0.07 . 8ingh and Yadav
) (1987}
2nd " 0.11 —do— _
ird -t 0.08 -do-
4th " 0.18 —do-
S5th " 0.07 —do-
6th " 0.10 -do-
7th " 0.08 -do~
8th " 0.09 =do-
Sth " 0.10 =-do~
10th " 0.10 —do-
19. sahiwal cattle 1st to 10th month 0.30 to Srivastava and Khan
vield 0.46° (1987)
20. Gaclo cattle 2nd month yield 0.29 Pande (1988)
21. Sahiwal cattle 1st to 7th month 0.16 to Singh et al.(1988)
yield of first 0.52
lactation
~do- lst to 6th month 0.14 te —-do-
vield of second 0.78
lactation
22. Sahiwal cattle First 30 days yield 0.684 Sughil Kumar (1990}
First 60 days yield 0.136 —do-
First 90 days vield 0.154 =do-
First 120 days yield 0.164 ~do-
"First 150 days yield 0.135 -do-
First 180 days yield 0.182 ~do-
First 210 days yield 0.106 -do-
First 240 days yield 0.219 -do-
First 270 days yield 0,255 —do-
First 300 days vield 0.276 -do~
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lactations as reported in literature are summarised in Table 1.
From the table it has emerged that 4th, 5th and 6th month part
Yields are generally more heritable than earlier or later month
part yields. This suggests that selection based-on 4th to 6th
month part records may be almost as efficient as that based on

whole records.
2.2.2 RELATIONSHIP BETWEEN PART AND COMPLETE LACTATION MILK YIELD

The relationship between predicted vyield under sampling

scheme and actual lactation yield are summarised in Table 2.

Rendel et al. (1957) observed that in six main dairy breeds
of England and Wales, the average correlation between 70 days
milk yield and- 305 days milk yield was 0.80 in the first
lactation, 0.775, 6.789 and 0.781 in the second, third and fourth

laﬁtations, respectively.

Pirchner (1961} sbserved phenotypic and genotypic
correlations of part yields with whole lactations to be very high
in Australian Brown and Oberinntal cattle and indicated that
selection based on part records- would be almost as efficient as

that based on whole records.

Searle (1961la) reported that the genetic correlations
between monthly yields and total milk yield were higher among
early months of lactation than among later months and also higher
than correlations between early and later months in Jersey and
Jersey crosshreds. This may be due' to higher temporary

environmental effects in latter'parts of lactation,

Smith and Legates (1962) estimated a genetic correlation of
0.92 1n Holsteins between 90 days and 305 days milk vyields.
Searle (1963) found genetic correlations between monthly vields
close to 1.0 from paternal half-gib analysis. VanVleck (1964}
analysed data on Ayrshire, Guernsey, Holstein, Jersey and Brown
Swiss to see the genetic relationship between 150 days and 305
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Table 2, Reiationship between predicted yvield under sampling scheme and
actual lactation yield

Ss1.
Nk

Species/breed Sampling schemes

Correlation

between estimated
yvields and actual

yvields

Author{s) .

4.

Black Pied low

land cattle

. Indian cows

Muarrah
buffalaes

Bairy cattle

. Dairy cattle

Marrah
buffaloes

Holstein

" Friesian and

ig,

Brown Swiss

Sahiwal and
crosshred

Baffaloes

Helstein
Friesian X
Ongole and
Browm Swiss X
Ongole

3, 4, 6 and 8
weeks,

Monthly

Recormmended 10
days test
interval

Monthly milk
recording

Monthly,
birmonthly and
trimonthly

Fortnightly and
ronthly

3, 4, 6 and 8
weeks | :

10 records at

4 weeks intervals
of 8th day of
lactation

Fortnightly,
monthly A.M.
and/or P.M. and
bimonthly
recording

15, 30 and 45
days lactation
of 1st and 2nd

0.978 to 06.999

> 0.90

Magnitude
decrease with

- increase in test

interval

0.985

Ranged between

- 8.95% to 8.977

{monthly),
G.941 to 0.943
{bimonthly),and
0.917 to 0.947
{trimonthly)

0.996 to 0.992

0.99, 0.99, 0.57

0.91 to 0.97

Ranged from
0.99 tc 0.97

0.98 and 0,99

Zorn and Gruhan
{19413

Amble and
Rajagopalan
{13960}

Agarwala (1962}

Jasiorowskl
et al.{1966}

Lamb and Young
{1968}

¥ooner and Pal
{1970}

Steen and
Buitrago
{1977}

Amin (1983)

Kaura et al.
{1943}

Murthiy et al.
{1984
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days milk production. Genetic correlations in first. and " later
lactations were 0.95 and 0.93, 0.66 and 0.68, 0.96 and 0.89 and
0.88, and 1.02 and 0.73 and'for the five breeds, respectively.

Singh et al. (1967) estimated genetic correlations of 0.73,
0.96 and 0.98 for 15 days, 75 days and 135 days with 305 days
milk yield in Haryana cattle. Singh and Acharya (1969) found
genetic correlations of monthly and cumulative monthly vield with
total production in__first lactation Haryana cattle to be

approaching unity.

Igbaluddin et al. (1970) observed in Murrah buffalces, a
correlation of 0.71 between first month yield and first lactation
yield. The correlation between first lactation vyield and
cumitlative monthly vields increaséd'with_increase in cumulative

months.

Khan and Ahmad (1972) estimated correlation between 305 days
lactation milk yield and five successive four-week periods of
lactation to be 0.81, 0.90, 0.91, 0.90 and 0.95, respectively in
Sahiwal breed.

Kushwaha et al. (1972) estimated genetic correlations
' between different cumulative monthly yield and 300 days yield‘ to

be near unity in Murrah buffalces.

Gokhale (1974) observed in Murrah buffaloes Ithat genetic
correlation of cumulative part lactation yield with total first
lactation milk yield increased as lactation advanced; the genetic
correlation was 0.79 for 30 days which increased to 0.97 for
first 150 days and to 0.99 for 270 days; this rate of increase
was negligible beyond first 150 days. The estimates of genetic
and phenotypic correlations between monthly vyields and total
lactation milk yields were positive and high.

Auran (1976a) found mid-~lactation test day vyield to be
having highest genetic and phenotypic correlation with 305 day
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lactation yield in Norwegian Red breed. For fifth, sixth and
geventh test davs genetic correlation exceeded one. Cumulative
test day yields had correlations ranging from 0.76 to (.99 with
ten cumulative test day vields. Last test day yields were
closely related to total yield than cumulative test day yield.

Reddy (1977) found that the genetic correlations between 180
and 270 days milk yvield and 270 and 305 days milk vield were 0.58
and 0.553, respectively.

Ipe (1979) found that the genetic correlations of part
records with 300 days records were high and increased with
progresdive length of lactation (0.653 for 30 days and 0.991 for
270 days). The proportionate increase was found to be higher
upto 150 days péribd {rg = 0.867}) than beyond it. Phenotypic
correlations also showed the same trend of increase. Genetic
' correlations were observed to be slightly  higher than
corresponding phenotypie correlations. Sharma et al. (1580}
reported that all monthly yvields were correlated with 300 'days
yields (0.77 to 0.99),

Nagarcenkar and Basavaiah (1981) observed that correlation
of lactation milk yield with 22 week yield ranged from 0.79 to
6.83. Koley et al. {1981) found that the genetic correlations of
10¢ days and 200 days milk yield with 300 days milk yield and
total lactation vyield were ranging from 0.69 + 06.39 to 1.18 3
0.44. '

Raheja (1982) reported that for Haryana cows genetic
correlations between lactation vield and monthly vields after the
first were all 0.90; in crossbreds the correlations tended to be
highest for yield in the 3rd meonth, and decreased as lactation
advanced for Brown Swiss x Haryana crossbreds, Jersey x Harvana
and Holstein Friesian x Baryana crossbreds, respectively; denetic
correlations between lactation yvield and cumulative yields were
greater than 0.9 for yields in two or more, three or more, and

four or more months, respectively.
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Zarnecki et al. {1982) found correlation of milk vyields
during- first 30, 60, 90, 120, 150 and 180 days of first lactation
milk yield witbh 305 days milk yield to be 0.70, 0,78, 0.83, 0.87,
0.90 and 0.93, respectively.

Sharma et al. (1983) reported the genetic and phenotypic
correlation of each month with 300 days yield to be all high and
positive indicating the advantage in use of part lactation
production for early evaluation of sire and dam in Haryana
cattle. ‘

-,

Tahir et al. (1983) also observed that the correlation
between 305 days milk yield and that for 28, 56, B4 and 112 days
part lactations were highly significant (P < 0.01) and increased

with additicn of -subsequent monthly vield.

'Singh and Tomar (1983} estimafed that in. the first lactation
only, 90, 120 and 150 days milk vyields were significantly
correlated with 300 day yield (0.76 + 0.25, 0.78 + 0.23 and 0.85
+ 0.15, respectively).

Gurang and Taylor (1984) observed that all correlations were
significant except for correlations of yield in first month wifh
vield in fifth and later months and total yield. The highest
correlations of monthly yield were in fourth and sixth month
(0.84 and 0.89 respectively). Parmar et al. (1984) found the
coefficient of correlation between first lactation yield with 90,
180 and 270 days yield to be positive and highly significant in
cattle. These positive and highly significant correlations
between part vyields and first lactation vyield followed an

increasing trend as the number of days in milk increased.

The correlations of part lactation yields with 305 days
yield within breed, showed that the 91 to 120 days (Karan Swiss)
and 121 to 150 day part lactation yvields (Karan Fries, Jersey x
Tharparkar and overall) were highly correlated with 303 days
yield (Mehta and Bhatnagar, 1986). -
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Jain and Dhillon (1986) observed that the genetic
correlations between monthly yieids and 300 days yield were 0.86
for yields in 91 to 150 days and greater than one for yields in
151 to 210 days; correlations between cumulative yields and
lactation milk yvield increased from 0.76 for yields in 31 to &0
days to 0.89 after 181 to 210 days. They concluded that
selection for milk yield based on any of the first 5 months of
lactation would be as effective as selection based on complete
lactation vyields. Murthy et al. {1986) reported that estinates
of correlation coefficient of peak yield, first, second and third
60 days vyield with 300 days lactation yield were 0.82 + 0.03,
0.84 + 0.03, 0.88 + 0.02 and 0.85 *+ 0.03, respectively. all
correlation estimates were highly significant, precise and
‘homogenous, thereby, indicating their usefulness in seiection

programmes aiming to improve 300 days yield in Surti buffaloes.

Stipic (1986) reported that correlation of milk vyield for
200 days with that for 300 days ranged from 0.74 to 0.84 and that
of milk vyield for 100 davs with that for 300 days ranged from
0.46 to 0.70; all the estimates of correlations were statis-

tically significant.

Singh and Yadav (1987) reported that the estimates of
genetic correlations were 0.70 to 0.94 between yield in 2nd, 3rd,
4th and 5th months of lactation. 8o selection on the basis of
part lactations may result in more genetic progress than on the
basis of total milk yield. The estimate of heritability ranged
from ©0.11 to 0.18. Srivastava and Khan (1987) reported that
there were significant genetic correlations of- 0.62 to 0.97
between the yields in different months, except between yield in
lﬂth month and yvields in months 3 to 8.

Barbieri (1988) obtained the genetic correlation of monthly
cumulative yield to day 30, 60, 90, 120, 150, 180, 210 and 240
with total yield as ¢.06, 0.16, 0.17, 0.20, 0.31, 0.50, 0.72 and
0.91, respectively. Pandey (1988) reported that the genetic and

phenotypic correldtions between monthly milk vields were high and
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gignificant for the first 5 monthse; values ranged from 0.91 +
¢.08 to 1.87 *+ 0.06 for genetic .correlations, and 0.44 + 0,03 to
0.84 + 0.92 for phenotypic correlations. Singh et al. {1988)
found the genetic correlations between monthly and 300-day

lactation yields to be generally high {(range = 0.34 to 1.0},

Shrivastava and Khan (1989) observed that the vyield for
first 121 to 150 days ;f lactation shoﬁed the highest correlation
with both 270 and 3060 days lactation yields (r = 0.982 and 1.178
respectively}. Part yields for first 61 to 90 days and 91 to 120
days were also quite closely correlated with 270 Qay lactation
yields. Further, first 31 to GQ days and 61 to 90 dafs "yields
were guite closely correlated with 300 days Iactation yield. 1t
was coﬁcluded that ‘the 61 to 90 day part lactation yields which
has a relative efficiency only slightly lower than the 121 to 150
day yield, can be used for selection of animals for total
lactation vield with a reasonable degqree of accuracy. Cumuiative
part yield for first 90 days of lactation can also be used ,for_

this purpose.

Sushil Kumar (1990} found a genetic correlation of
cumulative 60 and 90 days yield with lactation.milk yield to be
0.198, aAfter curmulative 90 days nmilk vyield it gradually
increased and approached unity in cumulative 210 days milk yield.
The genetic correlations among cumulative 90 days to 180 days at
30 days interval were slightly higher giving an indication thaF
middle months are perhaps more highly 'correlated genetically
amongst themselves., The phenotypic correlations of part
lactation milk vield with 300 days vield and among different part
vields showed similar trend like that of genetic correlations in

Sahiwal cattle. - R
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2.3 PREDICTION OF COMPLETE LACTATION MILK YIELD FROM PART YIELD

Madden et al. (1959) developed ratio factors of the total to
cumulative part production for Holstein cows. They felt that
ratio method wnight underestimate ‘total productien of low
producing cows and overestimated total production of high

producing cows.

VanVleck and Henderson {1961a) were of the opinion that
while constructing ratio factors for prediction of lactation
yield in Holstein cattle, simultaneous consideration of age at
first calving, season of calving and month of lactation should be
given. VvanVleck and Henderson (1961lc} developed regression
factors in Holsteins for extending part lactation milk records by
a within-herd analysis of age at first calving and 'season_ of
calving corrécted data. The best single month. for estimating a
complete lactation were fourth, fifth and sixth months. A linear
function of first five monthly test records was found to predict
a complete second record as accurately as the total vyield of
first lactation., The linear function of first seven month
records gave even more accurate predictions.

Dutt et al. (1965) predicted first lactation yield in Murrah
buffaloes from 15, 75 and 135 days yield. Prediction eguations
for determining total lactation yield from part lactations were

as follows:

Yy = 1284 + 7.63 X1
Y = 174 + 2.54 X2
Y = -142 + 1.68 X3

where, Y = predicted complete lactation milk yield, X1, X2 and X3
were milk yields for 15, 75 and 135 days of lactation.

Igbaluddin et al. (1970} studied monthly and cumulative
vields of Murrah buffaloes and reported that the prediction of
total first lactation yield (¥Y) based on £first monthly yield
(X1}, first 3-months yield (X3}, first S-months yield (X3} and

age at "first calving 1X4} was:
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Y = 1826.02 + 12.53 X1 + (-4.48) X2 + 7.23 X3 + 21.27 x4

Khan and Ahmed (1972) reported on the basis of study of 212
Sahiwal cows that correlation wvalues between 1st, 2nd, 3rd, 4th
and 5th monthly yvield with 305-days milk yield were 0.81, 0.90,
0.91 and 0.90 and 0.95, respectively. The multiple correlation
was found to be 0.97. '

Sidhar and Sundaresan (1973} made studies on records of 95
Nili-Ravi buffaloes and found that regression coefficients ranged
from 2.65 to 6.44 and 1.09 to 2.90 for the single monthly and
cumulative monthly averages, respectively. They also obtained
seven equations for predicting 240 days milk yield from first

seven cumulative monthly yields.

_ Auran and Mocquot (1974) compared the various methods of
predicﬁing the milk yield from part yields using data on
Norewegian Red cattle and they were of the opinion that ratio
method underestimated poor yields and overestimated good yields,
but gave the estimate of variance close to the actual wvariance,
whereas ‘regression methods were more _accurate- as regards
correlation between estimated and actual values but these were
inferior as regards variance of estimates. Simple regression was

easy to apply and was almost as accurate ag multiple regreséion.

Gokhale (1974) studied the reliability of part lactations in
estimating the total first lactation yield which revealed that
amongst single monthly yields, 5th month's production showed the
highest R’ value (66.96%) followed closely by 6th month and 9th
month production. The prediction egquation based on 5-month's
yield was: ‘

Y = 437.09 + 7.74 X
where, Y = estimated first lactation milk vyield, X = fifth
month's milk yield

For earlier evaluation, 4th and 6th monthly combinations

ééuld cbnveniently be recommended to predict the total yield with
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a fair degree of accuracy (R2 = 73.57%). The regression eguation
arrived at was: - -

Y = 222.57 + 4.10 X1 + 4.692 X2
where, X1 and X2 are the '4th and 6th monthly wmilk vyields,

respectively.

Abdel-Aziz et al. (1975) studied 2,832 lactation records of
Egyptian buffaloés which were corrected for effects of farm,
parity and season of calving and a least square analysis was used
to calculate simple rej;éssion factors based on single menth and
cumulative monthly yvields. Best single months for predicting 12
month vields were seventh and eighth with coefficients of
determination of 0.36 and 0.38, respectively. Coefficient of
deternination for cumalative monthly records were 0.72 for second

and 0.92 for seventh month.

Dommerhelt (1976) found extrapolation of future yield, from
yield at the last test, to 'be more accurate than linear
regréssion of lactation milk vield on part lactation yield in
Dutch Black Pied cows.

Rao (1977) reported that estimates of yields from lactation
curve parameters obtained from weekly vield were less accurate
compared to the yields estimated from weekly yields using

systematic sampling method.

Reddy (1977) derived the prediction eguations for 305 .days
vyield from 90, 180, 270 and 305 days yields, using three methods
of prediction (viz., ratio factor method, regression method and
nodified regression method). The regression method was found to
be the best, followed immediately by modified regreséion method,

hoth of which were much superior to the ratio factor method.

Ipe (1979%) investigated the estimation of lactation milk
yield from part records by ratio, regression and mwodified

regression methods. The average error in prediction by the three

methods was almost zero. When absolute error and -standard - -
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deviation of error were calculated, the three methods did not
differ in their efficiency especially in case of prediction based
on 150 days and longer partial records; errorg in estimates
decreased with the increase in length of part lactation.

Chillar et al. (1980) fitted various regression coefficients
of lactation yield on different part records, which were used to
develop prediction eguations. The earliest accurate prediction
. was from the 150 days record for which the correlations with
lactation yield were ranging between 0.82 to 0.93 in Haryana,
0.76 to 0.89 in Half-Friesian and 0.79 to 0.90 in seventy five

per cent Friesian.

Pilla et al. (1981) used the following egquation to predict
305 days milk yield (Y3gg): Y3pg = ¥x + Qf, where ¥Yx is the known
yield-to day X of lactation and'?} is residual yield estimated as
a linear function (corrected test record} which included the
regression of daily yield on day of lactation (corrected for
deviation between maximum recorded yield and the corresponding
value for the group of which cow was a member). They used threel
other methods of estimation: multiple regression, the ratio
method based on cumulative yield and the correlation between ll
estimated and actual vields. The correlations for the new method.

were higher than those for other methods.

Saiganokar et al. (1981) reported in Sahiwal cattle that
significant correlation was found for total lactation yield (52
weeks) with yield at 4, 8, 12 and 16 weeks and peak yield. They
found that efficiency of predicting 52 weeﬁs milk yield from 12
and 16 weeks record was 76 per cent, whereas it was less than 50

per cent when peak yield records were used.

Nagarcenkar and Basavaiah {1981} predicted 300 days milk
yield from part yields by inverse polynomial, gamma function,
ratioc and regression methods. The result for ratio and
regression methods for 22 weeks yield were considered useful in

that correlations with actual 300 day yield were ranging from



33

0.79 to 0.83 and proportion of additional daughters required
(1.35) was close to the minimal values. '

Pathak et al. (1982) found the positive and significant
correlation (r = 0.726) between 100 days milk production and 300
days vield. A linear regression of first 100-days production on
300 days production was fitted to predict 300 days milk yield
from part.yield {100 days yield) . record. The prediction equation
was Y3 = 249.59 + 2.035 X9, where Yj is the predicted or expected
cumulative average milk yvield for 300 days of ith cow and X; is

the first 100 days production of the same cow.

Tahir et al. (1983) found the best prediction regression
. equation on the basis of fourth month part lactatiocon yield. The
prediction eguation was ¥ = 126 + 2.123 X4, where X4 is the 4th
part lactation yield; this equation had the reliability of '72f42'
per cent. The per cent contribution for the cumulative parts
were in progressive order which shows that during first 28 days
period only 10.25 per cent milk is preduced, whereas 44.17 per
cent of total milk production occurs during first 112 days.
Sharma et al. (1983) reported that highest magnitude of
corfelation with milk yield was observed for first four month
production. The records of fourth month may, therefore, be

utilized for selecting cows.

Parmar et al. (1984) reported about the part lactation
record of 90 days, 91 to 180, 181 to 270 and cumulative yield for
180 and 270 days of first lactation in Tharparkar cows. The
haximum part yield was obtained at 91 to 180 days which sﬁows
that these animals reached peak production during this period.
The prediction eguation of total lactation yield (Y} on the basis

of partial production records (X} was obtained as:
Y = 15.41 + 3.66 X

Agyemeng et al. (1985) suggested that in order to avoid the

prablems inherent in extending inconplete lactations to 305 days
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for bull selection , milk yields in days 1 to 90, 91 to 180 and
181 to 270 or lactation trimester yield should be regarded as
separate traits.

Batra and Lee (1985) made a study on 119,075 lactation
records to calculate separate multiplicative extension factors
and regression slope and intercepts for "~ calculating 305 day
lactation yield of milk and fat from cumulative part lactation
yield and 1last test day yield of Holstein Friesian, Ayrshire,
Guernesey and Jersey cows. They reported that the multiplicative
and regression methods overestimated 305 day yvields whereas the
non-linear mgthdd underestimated the milk yield. The non-linear
method was more accurate than the other methods in extending milk
‘vyield records from mid lactation but bias and standard errors of
prediction increased as lactatidn advanced in contrast  to the

increasing accuracy of the other methods.

Do et al. (1986) analysed 3,740 records of Holstein Friesian
cows . They observed that total lactation yield was best
predicted by simple regression on monthly yields.in months 5 and
6 (R2 = 0.87) or on cumulative yields in lactation of 5 months
and over (R2 = 0.92 to 0.99)., Multiple regressidn was applied,
using cumulative yields, with R2 of 0.91 for multiple regression
on vyields in months 1 to 4; prediction of remaining yield, by
regression on last monthly yield, improved as the length of

remaining lactation decreased but R2 did not exceed 0.78.

Murthy et al. (1986) recommended that an index constructed
on the basis of second 60 days (X3) and third 60.days (X4) part
yield could be expected to bring up improvement in 300 days milk
yield. The prediction eguation constructed and thus recommended
was of the form ¥ = 114.88 + 2.93 X3 + 1.84 X4 in Surti
buffaloces., -

Jain and Phillon (1986} studied the usefulness of part
lactation milk yield records for progeny testing of buffalo bulls
by using first lactation récords. The accuracy of the monthly
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~and cumulative monthly milk yields in ranking the buffalo bulls
as compared to their ranking on the basis of first lactation milk
yield was examined. They observed that all the sires selected on
the basis of fourth or fifth month milk yield were common to
those selected on the basis of first lactation milk yield.

Khoda and Trivedi (1987) developed the prediction egquations
for estimating 305 days yield of current lactation using single
monthly, monthly cumulative, sequential monthly and three monthly
sequential vyields witﬂ varying number of preceding month's
missing records. Although the sequential monthly equations were
most accurate for predicting total yield, equations with single
monthly records or cumulative records wére only a little less
accurate than the.sequential monthly egquations. For -predicting
total yields, the third, fourth, fifth and sixth ﬁonth were best.

.Khanna and Balaine (1989) simulated lactation milk vield
from regular and irregular monthly, bimonthly and trimonthly
records on the basis of individual daily milk weights of 1,296
lactations of crossbred dairy cattle. The simulation method-1
was defined as yields on test days, during a lactation, were
summed up and then divided. by number of test days to représent.
average one day Yyield over the lactation, which was then
multiplied by lactation length to give simulated lactation milk
yield. Simulation method-2 of lactation milk yield was done by
the same procedure as in method-1, after correcting for the
lactation curve during the first 60 days (for first test day
yield) and the last 90 days (for the last test day yield} of
lactation in case of irregular sampling method only. In method-
3, simulation was done using test interval method with
application of adjustment formulae for days from calving to first
test days from last test toc date dried and length of intervening
test periods. Simulation method-1 was heavily biased, with
larger variations in starting date (i.e. the day of first test)}.
- simulation method-2 was clearly superior to method-1, but the
latter was generally suitable, Simulation method-3, involving

adjustment for the actual length of interval between consecutive
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samples, resulted in the smallest error for regular -monthly,
‘bimonthly and irregular monthly intervals with the starting date
between day 10 and 45,

Sebastian and George (1989) concluded that total milk yield
in the first two lactations of Jersey and Brown Swiss crossbred
cows could be predicted on the basis of peék yield, cumulative
yield and lactation length with greater than 89 per cent

accuracy. -

Bhutta and Pandey (198%9) found that the ratio of the first
30 days yield with total lactation yield predicted 300 days yield
with almost the same accuracy as the ratio oflthe later yields.,
For the regression method, R2 values were generally higher for 90
and 120 day yields (0.44 to 0.74 and 0.45 to 0.85 réspectively)
"than for yields in earlier periods (0.14 to 0.78). :

Roy and Katpatal (1989) used the regression method for
predicting 300 day milk yield from cumulative monthly nmilk
records. Aamocng the single monthly milk vields used for
predicting 300 day yield, the highest R2 value (74%) was obtained
for the 4th month followed by Sth (72%) and the 3rd (71%) months.
The correlation of these three monthly records with 300 days milk
yield were 0.86, 0.85 and 0.84, respectively. Among the
different single cumulative monthly records used for prediction,
the earliest month that had the maximum R2 value was obtained for
the first 5 month's vield (R2-= 83%) followed by the first four
months vyield {R2 = 78%). The results indicated that the 4th or
5th monthly or cunmulative monthly records were the best for
predicting 300 days milk vield. Anong various maltiple
regression equations, those involving the first three, the first
four and the first five months could be used with a high degree

of accuracy for predicting 300 days yield.

Katoch et al. (1990) reported that the relative efficiency
of selection based on fourth month production, first 120 days and

150 dayé milk yield‘és compared to first lactation milk yield was
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high. The maximum correlated response was cobtained for first
lactation milk vyield as a result of direct selection based on
fourth month part or first 120 days and 150 days milk vyield of

first lactation.

Sushil Kumar (1990) concluded that ratio factor method
generally gave overestimates whereas reﬁression method gave
underestimates of lactation yield. Cumulative 150 days and above
vyields gave the perceqzqge average error less than one per cent
by ratio factor method. Regression method was found to be
inappropriate for prediction. It appears that part yields of 120
days to 150 days are gdequate for predicting 300 days milk yield.

2.4 FACTORS AFFECTING P&EI LACTATION AND ESTIMATED TOTAL
LACTATION MILK YTELD UNDER VARIQUS SAMPLING SCHEMES

© Gokhale (1974) ‘found in Murrah buffaloes that farm and
period effects were highly significant din all monthly and
cumulative monthly yvields. The season effect was significant in
case of third and fourth month of yield and 270 days yield. The
age effect was significant in case of first and second monthly

yields and cumulative monthly yield upto seven months.

Winnicki et al. (1874) estimated effects of months on
different stages of lactation like first, second and third 100
days of production and found them to be significant.

Raheja and Balaine (1977) investigated the data pertaining
to monthly and cumulative milk records in Haryana and its crosses
with exotic breeds and observed that season of calving, year of
calving, age and body weight at time of ;irst calving had no

significant effect on these traitis.

Kumar et al. (1978) found the effects of farm, lactation
order, vyear, season of calving and the interactions of farm x

lactation order., season of calving x farm, season of calving x
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lactation order, and season x year on cumulative monthly vyields

to be significant in Indian buffaloes.

Singh et al. (1979) found that period of calving had a
significant effect on weekly milk yield in all weeks of
production in Haryana cows, The farm effect was significant in
all weeks except weeks 11 to 17 and 19. The month of calving had
a significant effect in all weeks except 7-8 and 10-11, 13-15 and
42-44, Parity had a significant effect in weeks 2 to 28 with the

exception of weeks 14 and 15,

Ipe {1979) reported that the effects of farms, pericds and
farm x period interactions were highly significant for cumulative
monthly milk yields and 100 and 200 days yields when least
squares analysis was conducted in buffaloes. Effect of season
was not ‘significant statistically. Regression.on age at first
- calving was significant at one per cent level for cumulative
- monthly yields from 30 to 180 days and 100 to 200 days records,
it was significant at 5 per cent level for 210 days; for other

cumulative monthly vields, it was not significant.

Reddy and Mishra (1982) reported that season of calving
influenced the part yield. They found that winter season calvers
performed the best. Das and Balaine (1982) found that the season
of calving affected lactation milk vield.

Nagarcenkar and Rao (1883) revealed that management level
had significant influence on the lactation milk yield while the
effect of other factors lacked significance. The age at first
calving also was significantly influenced by both year effect and

management level under the field conditions.

Srivastava et al. (1984) made a study on monthly milk
records of Sahiwal cattle. They found that the monthly milk
yield averages tended to be highest in cows calving in the rainy
season. Season of calving significantly affected milk yields
during months 6, 7 and 10 (P < 0.01) and during months 4, 5 and 9
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(P < 0.05). Rayalu et al. (1984) reported that year had a
significant effect on all part lactation and 300 day vyields in

Friesian crosshred.

Chacko et al. (1984) found that the effects of AI centre,
type of dam and sex of calf under the existing management
practice contributed maximum to total variation. Other .effectsg
which significantly affected milk yield weré year of calving, age
of cow and sire. The effect of month of calving was found té be

not significant in milﬁmbroduction of crossbred cattle.

Garcha and Dev (1985) reported that among the various non-
genetic factors studied by them only AI centre and the type of
farmer (land owners versus landless} contributed significantly to
variation in lactation yield of progeny (9.29'and 1.64%); the
_effects of year and month of calving were non-significant in the .

field conditions.

Murthy et al. (1985) found that the significant ﬁariation
due to period was observed on all the attributes of lactation
vield studied except in the peak yield and second 60 days vyield.
_Similarly; significant seasonal effects were observed on all the
traits studied except the second 60 days yield in Surti
buffaloes. For the 300 days cumulative yield, buffaloes that
calved during the third season had significantly higher vield

than buffaloes that calved during March-October season.

Rao and Sharma (1985) analysed weekly milk yield records of
Murrah buffaloes by least squares. The milk yvield was
significantly affected by period of calving {(three pericds of
three years each) in week 11-21, 30-32, 34 and 36 of lactation
and by season of calﬁing (summer, winter and rainy season) in
week 24, 32, 37, 38, 40 and 42, It was concluded that the
effects of period and season of calving wvary with stage of
lactation and these effects need to be corrected for further

analysis of weekly milk yield.
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Bhadauria et al. (1986} observed that most individual  and
cumulative monthly yields were significantly affected by farm,
yeér and season of calving. Biswas et al. (1986) made a study of
non-genetic factors on weekly milk yield records of Sahiwal cows.
The weekly milk production for all the 43 weeks was significantly
affected by parity. The effect of périod of calving was
gignificant for all the weékly yields indicating that the milk
vield was sensitive to. changes due to managemental and feeding
conditions over periods. Season of calving influenced siénifi—
cantly the-production during all weeks except for the last few

weeks of lactation.

Singh and Yadav (1987) observed that the effects due .to
farm,l pefiod, season and age at first calving were . non-
significant, but weight at first calving had significant’ effect
on all part and lactation milk fields; Period showed the maximum
effect in negative direction for 90 days yield in Nili-Ravi
buffaloes. The effect of season was non-significant for all

cumulative part lactation yields.

2.5 SIRE EVALUATION

The need for evaluation of sires for their additive genetic
or transmitting ability for milk production to its progeny has
been recognised from time immemorial because a bull can produce
large number of progeny and, therefore, few bulls are needed to
breed a large population of cows. Thus, high selection intensity
can be practiced among bulls. . From the various investigations on
relative contribution to genetic gain from wvarious parent-
offspring paths, it is evident that contribution of sires to
produce daughters is more than that of dams to produce daughters.
Therefore, accurate, efficient and early evaluation of breeding
value of bulls is of prime importance. The annual genetic
improvement in the population through sire selection depends on
the accuracy of selection, selection intensity, genetic

variability of the trait considered andﬂgéheration interval.
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Evalwation of dairy sires is done through progeny testing
which has the superiority over pedigree evaluation. The idea of
selecting breeding bulls by the progeny test is not _new.
Historically, livestock breeders -like Robert Bakewell and
Creuckshank are known to have hired out bulls and bringing then
back into their own herds, if found superior és judged by their

progeny performance (Goodale, 1927).

Lush (1931) emphasised the importance of adjusting for
various non-genetic factors to obtain an unbiased estimate of
animal's true breeding value. TLush (1933) was of the opinion
that no index would give an infallible results. The source of
error cannot be absolutely eliminated., All that can be done to
minimise error as far as possible by new coming errors; still
there will vremain sampling errors intrinsic in 'thé - Mendelian

nature of inheritance.

after World War II, many methods have been developed keeping
in mind the spread of artificial insemination where they are
particularly well suited. Significant contribution to the
~methodology of progeny testing had been made by Lush and
Henderson in USA and by Alan Robertson in Great Britain.

2.5.1 DAUGHTER'S AVERAGE INDEX -

Edward (1932) used daughter's average index (I = D) to
evaluate breeding value of sires within a herd. The index is
simplest to compute but theoretically appropriate only for
predicting the performance of progenies of sires born to cows of
the same genetic group level as the dam of the daughter's wunder
consideration and reared and tested under the same herd
environment as the current daughters. The index would be biased
if the levels of production of dams alloted to different sires

are unequal.

Hansson (1913) proposed egqual parent index I =2 D -~ M,
where, D = average yield of daughters of the sire, and M =
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average yield of dams mated to the sire. This index is also
referred to as the Mount Hope Index after the name of a farm in
Williamstown, Massachusetts, USA where it was first used. This
index is based on the principle that the twe parents contribute

egually to the genetic make-up of the progeny.
2.5.2 CONTEMPORARY COMPARISON METROD

The contemporary comparison method of dairy sire evaluation
was evolved by Robertson and Rendel (1954) in an attempt to
overcome the shortcomings of the daughter~dam comparison and
simple daughter average method. The contemporary comparison'
method was adopted by milk marketing of 'England and Wales' for

evaluating the bulls used in artificial insemination.

McArthur (1954) gave the details of the contemporary
- comparison method ‘which is based on complete. first lactation
records of 200 days or more (upto 305 days) of daughters and
their contemporary stable-mates, in each herd where the bull had
daughters with 1records that could be compared to those of
contemporaries, the average yield of the daughters (Y} and the
contemporaries (AY)} were calculated and the difference between
the two averages weighted for the number of heifers in the
groups. The weighting factor (W) was the harmonic mean
n{ n2/n1 + np of the number of daughters {(nl) and the number of
contemporaries (n2) in the herd. The weighted differences were
‘added énd the sum was divided by the sum of weights to obtain

contemporary comparison (CC):

EW (Y - AY)
CC = ———mm— e
EW
h npj n2i
where, EW = Effective number of daughters = fgi ------------

where, h is number of herds.

The contemporary comparison value was adjusted for the
number of daughters by multiplying with the factor 'b' (the
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regression of the future daughters on those tested), where

1+ (EW - 1) 0.25 h

The estimate of breeding value of the‘bullts) was obtained
as S = 2b (CC) + A in relation to all first calvers (A) in herds
where the test was made. For a comparison with the population as
a whole, 0.2 (A -~ P) was added where P = the breed average for
the first calvers assuming that the heritability of the inter-

herd variation was 0.2

The relative breeding vaiue (RBV) of the bull within breed

was exbressed as: ;
2b (cC) + 0.2 (A -P) + P x 100

Robertson et al. (1956) pointed out that main‘advantages of

contenporary method of progeny testing were:

(a} The age correlations were avoided since the daughters of the
bull and their contemporary, on an average, start their first

lactation at same time,

{b) Each daughter was compared to contemporaries in the same

herd, i.e., on the same level of feeding and management.

However, this method had the disadvantage that in small
hexds there might not be any or sufficient number of contemporary

daughters of other bulls to compare with.
2.5.3 LEAST SQUARE ANALYSIS METHOD
Robertson and Rendel (1954) used least square method for

sire evaluation. Cunninghum (1965) presented method for

obtaining weighted least square estimates of sire effects from
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non-orthogonal field data. Barvey (1966) gave practical
application of the least sguare analysis of data with uneqgual

subclass numbers.

In 1India, the least square (LS) method has been used
commonly for analyses of animal breeding data. On the basis of a
suggestion from the Jawahar Lal Nehru Krfshi Vishwa Vidyvalaya
(JNKVV}, Jabalpur, it has been mentioned that the progeny testing
data should be evaluated by the LS method using a model with
effects of herd-year-season of calving, genetic group of dams of
sire as fixed effects, and sire within genetic group and residual
errcr both as random effects. However, it should be noted that
fitting of herd-year-season effect as fixed is not - feasible in
our country because of small herds and that the LS method is not
optimum and efficient method for evaluation of sires because it
has several wundesirable properties for evaluation of progeny
testing data. In this méthod, the sires solutions are obtained
assuming as iLf the sire effect is fixed. If this assumption is
true then the basic aim of progeny testing will he at risk
because we would not be able to predict the performance of future
daughters of a sire on the basis of the performance of the
presently available daughters at any point of time. To predict
the pérformance of future progeny of a sire it is important that
the sires under test should be assumed to be a random sample from

a given population of sires.
2.5.4. BEST ﬂINEAR ONBIASED PREDICTION (BLUP)

The herd-mate method of sire evaluation was implemented. in
USA in  1954. The herd mate comparison has been biased by
incorrect adjustment for age at first calving, genetic trend,
genetic differences and non-random sampling of mates within herd
(Schmidt and VanVleck, 1974). The BLUP method for sire
evalnation was developed at the Cornell University, USA taking
care of the lacuna in the herd;mate method of sire evaluation.
The Best Linear Unbiased Prediction (BLUP) of differences between
"sires can be obtained by use of the North-East™ artificial
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insemination sire comparison method which eliminates biases due
to genetic and environmental trend, differences between
artificial insemination steps and non-random distribution of

artificial insemination sires.

BLUP procedure is best {least error variance) method for
prediction of breeding value of sires. This procedure has been
described in detail by Henderson (1973).° The most wuseful and
important properties of the BLUP method are that (1) it maximizes
the correlation betweé;.the predictor and the predictant and (2)
under normality the expectation of the predictor is equal to the

expecation of the predictant.

Harvey (1979) showed that the BLUP was oniy cne to seven per
cent more . accurate than the Simplified Regressed Least Square
(SRLS) . Hoﬁever, the assumptibns made for the SRLS method are-
contradictory because sires are first assumed to be fixed for
estimating sire effécts and then random for regressing the

estimates of sire effects.

2.6 COMPARATIVE STUDY OF DIFFERENT SIRE EVALUATION METHODS

Politick et al. (1967) compared four methods of sire
evaluation, viz., mean production of the daughters, daughter
production corrected for the level of dams, contemporary
comparison and dam-daughter comparison. They observed that the
first - two methods were unsuitable when the bulls in areas with
different production levels were to be considered, whereas no
yalid conclusion could be drawn about the relative merit of two

later methods because of the small number of daughters.

Miller et al. (1967) compared the ranking of sires by herd-
mate comparison, least sguares method and maximum likelihood
method, which were in close agreement as measured by the Spearman

rank correlation of sire effects.
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Jain and Malhotra (1971) compared the relative efficiency of
11 models of =ire evaluation. Two of these methods made use of
information on daughter production only while in three other
indices, records of daughters and their dams were utilized. The
remaining six, however, used information on daughter and their
contemporaries with or withouf records of their dams. They
reparted that relative efficiency of cohtemporary comparisen

method was better than daunghter’s average method.

Rac (1979) studied the vrank correlation between sire
evaluation methods like daunghters average, contemporary
comparison and least squares method. He reported that the rank
correlation between daughter's average and least sguares method
were higher (0.91) as compared to that between contemporary
domparigon and daughter's average (0.77). He further reported -
that the rank correlation between confemporary comparison and

least sguares method wag 0.75.

Gurnani and Nagarcenkar {1982) compared BHenderson best
linear unbiased prediction (BLUP) method with contemporary
comparison method of Robertson for estimating breeding values of
28 Tharparkar sires each having a record of at least 10
daughters., .The simple and rank correlation between the Breeding
values obtained by two methods wexe 0.824 and 0.915 respectively.
Robertson's method was found to be 68.84 per cent as accurate as
the Henderson's in ranking sires on the basis of their breeding
value. They further reported that BLUP method is costly -and
gives higher errors of approximation in computer analysis when.
number. of daughters are small. They recommended that Robertson's
method may be adequate under Indian farm conditions where
lack of computer facilities and large size of progeny per sire

are limiting factor.

Dempfle and Hagger {1983} compared four models incorporating
vectors for some or all of herd-year-season (h}, sire group (g},

sireg (1) and residuals (e}). The models were:

s
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X1 h + X2 g + Zu + e
X1 h + Zu + e

BLUP 1 -' ¥
BLUP 2 - ¥

i

contemporary comparison (CC) - model and assumptions as for RLUP-
2; least squares: Y = X1 B + Zu + e. The u and e vectors were
random for BLUP-1, BLUP-2 and CC, and e was random for least
squares. The X3 and X7 are design matrices corresponding to
fixed effects and Z is design matrix corresponding te randem
effects. The four modeld were tested for six distribution classes
of daughters over herds: (1} only on a herd {(a very large testing
station), (2) random distribution, but each sire has only one
daughter per herd, (3) clustering of daughters from pairs of sire
groups, (4) clustering of daughters from the same group, (5)
bulls of some groups competing heavily against each other and (6)
bulls competing non-randomly as in class five with some bulls
used mainly in top herds. _Correlationé between true. and
estimated bfeeding values and the sgquare root of the correlation
between repeat estimates are given. Where there were no genetic
differences between sire groups, all procedures except BLUOP-1
were ecuivalent; the latter being slightly inferior. For small
genetic differences between groups and an unbalanced déughtér
distribution, BLUP-1 was best. For moderate and - large genetic
differences between sire groups, BLUP-1 was markedly superior to
the other models. With small to moderate genetic differences,
the correlation between true breeding value and its estimate was
upto two per cent higher for BLUP-1 than for CC..

Hagger and Denpfle (1983) estimated breeding values of Brown
Swiss and American Brown Swiss (ABS) x Swiss Brown {SB) bulls for
first lactation milk yield by two wvariants of BLUP, by
contemporary comparisons and by least sguares. The bulls were
grouped according to year of birth and percentage of ABS
inheritance. For the four estimation metlods, the sqguare root of
the correlation between estimates, calculated overall groups, was
0.613, 0.894, 0.869 and 0.874 respectively. Corresponding
figures on a within group basis were 0.863, 0.863, 0.855 and

0.843, The correlation between repeat estimates for bulls with
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similar numbers of daughters were 0.834, 0.800, 0.755 and 0.764
for the four methods when calculated over groups versus 0.744,
0.745, 0.731 and 0.710 within groups.

Bhasin and Rao (1983} sampled monthlf milk yield according
to six sampling plans, with test days falling on a fixed date in
each month, irrespective of calving date. The sampling plan
involved one-daily milk recording (A.M. or P.M.), two complete
twice daily milk recordings (A.M. + P.M, and P.M. + 3A.M.), and
twice daily milk recgfdings over two consecutive days (A.M. -
P.M. and P.M. - A.M.). 1In each sampling plan, six estimated
lactation yields were calculated. All sampling plans ranked the
sires in similar order. The A.M. - P.M. plan and p.M. -~ RA.M.
sampling with adjustment for unequal milking intervals were the
most reliable for evdluating breeding animals. - The adjustments
for length of first test perioed improved tﬁe accuracy of
recording but adjustment for both first and last test periods
were not superior to adjustment for first test period only;

Cordovi et al. (1984) compared the breeding value of milk
yield of 20 Holstein-Friesian bulls by means of (1) contemporary
comparison, (2} Ileast sguares analysis, (3) BLUP ignoring
relationships among bulls, and (4) BLUP taking relationships
among bulls into account, There were only slight differences in-
the ranking of the bulls uéing the four methods with cerrelations
of 0.95 to 0.99 between them. The greatest differences between
methods were between the contemporary comparison and other three

methods.

Suzuki and Mitsumotc (1986} examined three models: the sire
model using only first lactation records (SF model), the sire
model utilising first to fifth lactations (SA model) and the
model which incorporates sires and maternal-grand-sire (MGS
model). Since an additive relationship was assumed among bulls,
the proofs of the SF model were partitioned into daughter average
vield and average adjustment for herd-vear. The SA model
included those- of cow and parity effects. The MGS nodel included
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those - of the SF model and adjustment for sires' mates. The
importance of the relationship matrix decreased as the number of
daughters per sire increased. There was a negative correlation
between the difference and the time of birth of sire, The
evaluations by SF and MGS models with 100 daughters were highly
significantly correlated (0.,99) for milk and fat yield. It was
concluded that imported bulls had been preferentially used
regafdless of their production ability.

Preisinger et al. (1986) estimated breeding values and
variance components with models that represented herd-year-season
effects in different ways. When a herd-year-season was feplaced
by herd—class—year—éeason, where herd class represented different
milk yield or milk fat yield groups, estimates were biased
because certain fixed effects were ignored. Also, estimates of
additive variance were reduced. It was only useful to set up
herd classes for herd-year-season group with less than two or

three daughters from a single sire.

Gajbhiye and Dhanda (1987) conducted studies on sire
evaluation and production performance of Gir cattle. Out of 12
sires evaluated using 5 sire ‘indices, only one héd a' breeding
value more than 20 per cent above the herd average. The rank
correlation Between sires by different methods were highly
significant (P ¢ 0.01). The five indices were:

Il = D
2n
I, = A+t memeee—— (D ~ CD)
n + 12
1 5 _
Ij = A+ -=-=-h" Qg (D - A)
2
1 2 __ _
I4 = A+ ---—-h"Q (D ~ CD)
2

Is = A+ {D - CD)
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where, & = the herd averadge
n = number of the daughters of the sire
D = average first lactation yield by daughters of the
sire to be evaluated
€D = average of contemporary daughter of other bulls
n
Q = ——————m————mmme— o

1+ (n-1) he/4

Chauhan (1987) compared three models of sire evaluation
using different environmental groupings. In model-1, the effect
of herd-period-season was fixed; in. model-2, the herd-period was
fixed and herd-period-season was random; in model-3, herd was
fixed and herd-period and herd-period-season were random. The
overall effects of period and Seasoq of calving were regarded as
fixed, and were removed by pre-correction. Conpared ﬁith model-
1, models-2 and -3 required approximately 80 and 67 per cent of
the effective number of daughters respectively to give the
equivalent variance of the estimates of sire effects. Using
random effect models, the relative advantage, in terms of a
smaller variance of sire effects, increased as the size of herd-
period-season subclass decreased. In herd-period-season subclass
~fixed effects models subclasses with a single or few records or
subclasses with all or almost all records of the same sire,
contributed 1little or nothing to the progeny group comparisons.
The random effects models could avoid these losses, and' were
considered to be useful especially where herds are small,
provided sires can be assumed as randomly distributed over

environmental subclasses.

Wiggans (1988) used an animal model to predict genetic merit
for Ayrshire milk yield. The model included fixed herd-year-
season and random herd-sire interaction, permanent environment,

animal and residual effects.

Kuznetsov (1988) evaluated 161 bulls of Black Pied breeds on. .
the basis of first lactation milk yield of their daughters. Each
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bull had at least 15 daughters, and the average number of
daunghters per bull was 106. The evaluations were carried out
using BLUOP with and without taking into consideration genetic
relationships among sires and with and without sire groups, and
by four variants of the contemporary comparison method. Values
of the two types of correlations between the BLUP and
contemporary comparison methods were ranging from 0.869 to 0.957
and from 0.893 to 0.953 respectively. BLUP was more accurate
than the contemporary.comparison method by 4.5 to 6.5 per cent
when contemporary comparison estimates were not corrected for
genetic differences among herds and breed groups of bulls and 1.9

to 3.8 per cent when corrections were carried out.

Lee et al. (1988) éstimated sire's breeding value by mixed
model procedures. They analysed the data on milk yield of 618
Holstein offspring of 24 sires by BLUP procedures with models
that included group effects (model-1) or did not include the
group effects (model-2). Group effects were fitted by the
country of origin of sires (model-2a and model-2b). The
solutions for group effects indicated that USA sires ranked
highest (PD = +1098.7 kg) and that Korean and Canadian sires were
similar (PD = 0 and -15.8 kg respectively).

Suzuki et al. (1989) studied joint evaluation of sires and
cows using field data on the Holstein population of Hokkaido,
Japan using a mixed linear model that included herd-year effects
as fixed effects and additive genetic effects, non-additive
genetic plus permanent environmental effects of cows and residual
errors as random variables. An inverse of the numerator
relationship matirx, computed by ignoring the relationships
between females across hqrds, was used to obtain the BLUP
solutions with the animal model. 1In this model, calculations
were performed with successive absorption of non—-additive genetic
plus permanent envireonmental effects, herd-year effects and cow's
additive genetic effects. Correlations between the estimated
breeding wvalues of sires by simultaneous evaluatioq with thosel

"from the official evaluation were 0.795 for milk yielé and 0.757

-
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for fat yield. For 81 sires with 1,000. daughters these
correlations were 0.933 for milk yield and 0.866 for fat yield.
Correlations bhetween the breeding values of cows from Joint
evaluation with those of the intra-herd cow evaluation of
Hokkaido Milk Recording Association (HMRA) were 0.959 and 0.941
for milk and fat yield respectively. Corresponding correlations
for the 1462 elite cows that had the highest one per cent of the
milk and fat proofs were 0.909 and 0,908, réespectively.

Parekh and Singh (1989) analysed data on milk yield of 75
and 81 daughters from matings of Gir females with 5 Friesian and
7 Jersey sires by means of least sguares, BLUP, simplified
regressed least sguares and least squares estimates adjusted for
herd means of the sire and progeny. The rank correlations of
breeding wvalues of the sires estimated by the different methods
were greéther than 0.94. ‘ -

Jovanovac {1§89) reported +that the correlation between
breeding values determined by BLUP and ¢ontemporary compariscn
was 0.77 for milk yield, 0.6%9 for fat yield and 0.88 for f£fat

percentage,

Lee et al. (1989) estimated the breeding values of 43
Holstein bulls from 1129 records using BLUP procedures. Breeding
values ranged from -529.4 to 4459.0 kg and estimates of herd
effects from 815.4 to 6240.0 kg.

Garcha et al. (1989) reported that repeatability by multi-
trait BLUP breeding value was 12 to 15 per cent higher than the
accuracy of single trait BLUP (first lactation only} and
predicted error variances smaller by the sanme amount. Increasing
the weighting factor on later lactations increased this
superiority by about five per cent; 70 per cent of the
superiority of multi-trait BLUP was due to the inclusion of
greater than one trait, and improvement in data structure
contributed 30 per cent bias in estimated breeding value due to

embrvo transfer schemes (caused by genetic -changes in the cow
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population); such hias could be removed by pre~correcting
phenotypic values. For populations with small herds, the
accuracy of single trait, multi-trait and repeatability BLUP
models was similar. For populations with herd of 20 cows, the
repeatability model was upto four per cent less accurate than the

others.,

Kumar and Bhatnagar (1989} evaluated sires of Karan Swiss
cattle at NDRI, Karnal using 12 indices for estimating breeding
values for Imilk vield., There were significant differences in
index values between sires and between the different indices for

milk yield. The best index on the basis of minimum variance was

I.=2a+n (D-CD)/(n+12), where & = herd average milk vield, D =
daughter average, €D = average of contemporaries and n = number

of daughter-dam pairs.

Ram and Yadav (1990) estimated the breeding values of Murrah
buffaloe gires at Haryana Agricultural University, Hisar by . BLUP
procedure, The breeding values ranged from -201.3 to 263.8 kg
for milk vield, -141 to 226.4 kg for yield upto peak lactation
and -0.073 to 0.082 kg for peak yield. The éorresponding
estimates for breeding values of females were -300.5 +to 311.9,
-130.4 to 305.9 and -0.084 to +0.120 kg.

Tajane and Rai (1990) compared five methods to estimate the
breeding value of sires for milk yield: (1) the herd-mate
comparison method, (2) an index corrected for auxillary traits
{duration of lactation, dry period or calving interval in the lst
lactation), (3) least squares, (4) regressed least squares, and
(5) BLUP. Rank correlations among breeding value estimates by
the different methods were high and the correlation cof the first
four methods with BLUP was greater than 0.80. Repeatability of
breeding values was highest for BLUP, and the bias due to small
number of progeny per bull was least with BLUP and regressed

least sguares methods.,
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Anacker and Diett (1990) reported the advantages of BLUP
aver the contemporary comparison method for the prediction of
breeding value of dairy bulls. Based on the performance of the
daughters of 1361 bulls, the predicted breeding values for milk
yield, milk fat yield and milk protein yield were 10.9, 9.6 and
12.5 per cent more accurate using BLUP  than contemporary

corbemparisons.

2.7 PART LACTATION YIELD AND SIRE EVALUATION

Observing the high positive correlation of 0.817 between
milik yield during the first 90 days, and that of whole lactation
in Piedment cows, Dassat {(1954) expressed the view that 90 days
vield would be preferable for progeny testing bulls .considering

time, money and other factors.

O'Conor and Stewart (1958) compared the weighted difference
of daughter yield and contemporary yield for 180 days and 305
days- and found close correlation between the two. There was a
good agreement in relative breeding value of the bulls calculated
on 180 and 308 days yields. ‘

Searle (1961b} analysed monthly records of artificially bred
cows which indicated that records of about four to six months
duration accumulated to a specified test day were suitable for

progeny testing.

VanVleck and Henderson (196la) presented a three-stage
programﬁe for evaluating sires used in artificial insemihation.
The first stage consisted of acceptance or rejection of sires
based on the part lactation which was 3 months record of their
daughters. The second stage would utilize both part records and
complete records. The third and final stage would provide for
evaluation, dependent on complete records alone. Selection index
equations were presented for estimating the breeding value of
sires for these combinations. VanVleck (1962) detailed the

advantage of progeny test by part lactation. Genetic progress
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would be proportional to the turn-over rate in testing bulls so
that if interval was shortened by two per cent, the raﬁe of
genetic progress would be increased by 11 per cent. This would
allow 10 per cent more bulls to be tested. Retuirning superior
bulls to service a few months earlier, would increase the service
life of these bulls.

Legates (1964) suggested use of part  records in progeny
testing seeing the high genetic correlation between part records

and 305 days records.

Basovskii (1965) ranked four bulls on 30, 90 and 180 days
milk yield and found that ranking was consistent. ' Compared with
these results, the ranking of two bulls was reversed for
evaluation on 300 days yield. The correlations between the three
part lactations and 300 days yield were 0.650, 0.903 and 0.975,

respectively.

Bar-Anan (1971} reporﬁed that the result of progeny test in
Israel on 122 days yield was highly correlated with 305 days test
(r = 0.92). So 122 days vield was decisive for the fate of most
of the bulls., Due to this test, the best sires could be put in
extensive service already at 4.5 vears of age and three out of
every four bulls was being sold after the test. The procedures
of estimating the cumulative differences was to compare all sires
to an 1initial genetic level. Lapushkova (1971} found high
correlation in the progeny groups between 305 days yield and 150
and 200 days yields and found rankihg of bulls to be similar.,

Anisimov (1972) found rank correlation between progeny test
based on 150 days yield and 300 days yield in three farms to be
1.00, 0.89 and 0.80, respectively and he concluded that the
benefit of obtaining a sire proof by 150 to 210 days yield would
over-weigh the slight loss of accuracy in the evaluation,
Ruegsegger (1972) reported that correlation between breeding
values based on 100 days tests and 305 days test was 0.85.
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Kliment and Rybansky (1976) analysed the data on first to
fourth lactation of Slovakian Pied bulls with adverse effect on
milk production in four lactations and found that the differences
in breeding values of bulls were identifiable after the 200 days
first lactation.

Nagarcenkar and Basaviah (1981) analysed the daily milk
yield records at weekly interval throughout lactation by inverse
polynomial, gamma function, ratio and regression methods and the
number of daughters' records required to achieve the same
accuracy of sires' evaluation as that given by use of 300 days
record in Murrah buffaloes. For the four methods, the
correlation between predicted and actual 300 days milk vield
ranged from 0.06 (based on 6 weeks yield) to 0.89 (26 weeks),
~3.03 (14 weeks) to 0.94 (38 weeks); the proportionai increase in
number of daughters reéquired to maintain accuracy of sire
evéluatidn, ranged from 1.35 (26 weeks) to 382.06 (6 weeks), 1.29
(30 weeks) to very high (6 weeks), 1.31 (30 weeks) to 1,74 (38
weeks) . Results of ratio and regression methed for 22 weeks
yield were considered useful. 7Tt was observed that 35 per cent
more daughters were needed for extension of 22 weeks partial
records by ratio and regression factors. This did not reduce as
part lactation périod was increased. This is also imn conformity
with reported finding that 150 days yield of first lactation had
a high correlation with the first complete lactation milk

production in Murrah buffaloes.

Danell (1982) developed a method of extending part
lactations by using last test day yield with adjustment factors
for effects of age at calving, month of calving and length of
calving interval on test-day and total lactation yields. In
comparison with herd-mate comparison, direct sire evaluation by
best linear unbiased prediction gave a maximum of 13 per cent
higher genetic merit within generations and 23 per c¢ent higher

merit across generations.
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Tandon and Harvey (1984%) studied first lactation - data on
15,342 Qdaughters of 666 bulls of cumulative milk yields in 150,
200, 250 and 305 days (corrected using Shook factors). Using the
ratio of square root of variance of prediction errors to variance
of breeding values as the criterion of accuracy, it was
calculated that the accuracy of breeding value estimated using
305 day yields of 14 daughters can be obtained from estimates
using 150 day yvields of 18 daughters if relationships émong bulls
are taken into account-or of 20 daughters, if they are ignored.
However, expected genetic gain was approximately 11.8 per cent
greater when 305 days yield were used than when 150 days yield
were used. The effect on the accuracy of sire evaluation by
considering additive genetic relationships among sires was
greater when part lactation records were used than when 305 day

records were used.

Jain and Dhillon (1986) used the part lactation milk vyield
for éelecting buffalo bulls through progeny testing. The
accuracy of the monthly and cumulative monthly milk vyields in
ranking the buffalo bulls as compared to their ranking on the
basis of first lactation milk yield of their daughters were
measured as Spearman's rank correlation ccefficient wusing the

least sguares means for the sire progeny groups. The rank

" correlation for monthly milk vields for the first seven months of

lactation were ¢.657, 0.670Q, 0.756, 0.899, 0.899, 0.889 and 0.809
and for the six cumulative milk yields upto seven months of
lactation, these were 0.755, 0.764, 0.795, 0.821, 0.856 and
0.902, respectively.  Assuming that top 20 per cent of the
buffalo bulls were to be selected through progeny testing, all
the sires selected on the basis of fourth or fifth month milk
yield were cobserved to be common to those selected on the bhasis

of first lactation milk yield.
2.8 SIZE OF PROGENY GROUP REQUIRED TO PROVE THE SIRE

Lush (1933) was of the opinion that three daughters

production was as accurate as full knowledge of both his sire and
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dam. More than three daughters gave more information than that
could possibly come from pedigree, Five daughters were
considered as minimum number required in evaluating the sires'

genetic merit.

Johanson and Robertson (1952) derived the formula for number
of daughters needed to judge the sire on their performance which

was:

where, h2 is heritability. 1If h2 was taken as 0.30, the number
of daughters needed would be five. Robertson (1957) discussed
the optimum group size in progeny testing. This involved testing
ratio - K, the ratio of the number of individuals which could be
measured at each generation to the number of sires that were to
be selected. K = N/S, where N was the total progeny measured, 8
was the number of sires selected. If n was the number of
offepring per sire, n = Kp, where p was the proporticn of sires
selected. Weadrden 11959) further modified Robertson's formula in
determining adequate number of progeny per sire on a genetic
experimént involving half sibs in various situations depending
upon the heritability of the trait to reveal genetic differences
between siresg. If twenty-one sires were to be tested, fourteen
daughters  per sire would be required at heritability of 0.3 and
ten daughters would be reguired at heritability of 0.4 to detect
- differences between sires at 5 per cent level of significance.

Searle (1961b) wusing genetic correlation of part and
conplete lactation milk - yield and heritabilities of both,
estimated that the number of daughters with part records required
to give information equivalent to that of 30, 40 and 50 daughters
with complete yvield would be 40, 60 and 80,

VanVleck and Henderscen (1961b) estimated the number of

daughters with five month records required in place of 20, 30,
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40, 50 and 100 daughters with complete records as 27, 44, 65, 92
and 476, .respectively. '

Ivanenke (1969) compared sire summaries for milk vield based
on 5, 10, 15 and 20 and all daughters and found that first 10, 15
and 20 daughters did not have much adverse .effect on sire ranking
compared to all daughters.

Nazarenko {1970)-analysed data on Red Stepple and  Russian
Simmental daughters. Correlations were calculated on  the
performance of all daughters with that of first 5, 10, 15, 20,
25, 30, 40 and 50 daughters. For milk yield, 15 to 20 daughters
per sire were recommended. '

Hunt. et al. (1974) made simulation studies and inferred that
when population size was small, genetic gain could be maximised
by sampling maximum number of bulls with approximately 20
daughters. '

Mcller (1976)  considered progeny tests with less than 20
daughters of little value and increasing group size above 40 as
unnecessary.

. Kretzechnar and Rose (1976) considered that standard
deviation of breeding value would give a good measure’ of
efficiency. Breeding values were computed on the basis of 10,
20, 30, 40, 50 and 60 daughters and found that with 30 daughters
per group, breeding value could be estimated fairly accurately.

Basavaiah (1978) extended 22 weeks part yield by ratio and
regression factors and showed that about 35 per cent more
daughters were needed to evaluate the sires as accurately as
their evaluation by use of actual 300 days lactation yield. In
practice under field conditions, not all the daughters of the
bulls can come to production simultaneously.

Ipe (1979) reported that the progeny group size needed in
place of 10, 12, 15, 17, 20, 22 and 25 daughters with 300 days
records, the number with 150 days record found necessary were 11,
14, 20, 24, 32, 39 and 52. For evaluation on the basis of 210
days vyvield, the corresponding daughter records needed were 11,
13, 17, 19, 23, 26 and 31. - - RS
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J. MATERYIALS AND METHODS

3.1 SOURCE OF DATA

The data used in the pregsent study were collected from the
history sheets and daily milk record registers of Karan Swiss and
Karan Fries breeds of cattle maintained at Naticnal Dairy
Research Institute (NDRI), Karnal located in northern India. The
data comnprised of 2,96,496 daily records of 1044 cows in first
lactation milk yield of Karan Swiss breed spread over a period of
17 years {(from 1970 to 1987) and 2,38,810 daily records of 835
‘cows 1in first lactation milk yield of Karan Fries breed spread
over a period of 15 years (from 1974 to 1988).

The fortnightly, monthly and bimonthly systematic . and
stratified random test day nilk yields'énd part yields weré
generated for each cow using daily milk records. The cunulative
part yield during first 30, 60, 90 days and so on at 30 days
interval till 300 days were also generated for each cow using

daily milk records in both breeds.

3.2 LOCATION AND CLIMATIC CONDITIONS

The NDRI, Karnal farm is situated in eastern zone of Haryana
which is Trans-Gangetic Plain Region of India. Eastern zone 6f
Haryana is also called as wet zone. The mean annual rainfall
ranges from 500 mm to 1,000 mm, More than 70 per cent rains are
received during July to September. Normal rainy days are more
than 30 per annum. Intensity of monsoon rainfall varies from 20
to 30 mm per day and in winter cyclonic rainfall varies from 8 to

14 mm per day.
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Temperatures vary greatly in this area during the_year. May
and June are hottest months and January and February are the
coldest. Mean temperature more than 20% prevalils during 8 to 10
months of the year. During May and June, maximum temperature
rises above 40°C and hot dry winds are common feature. In
January, normal mean minirnum temperature is 8 to 8°c. Frost fer
one/two days may also occur during winter months (Ghogh, 1991).

The farm is 250 ;étres above sea level at 26%43'N latitude
and 70°59'E longitude. The average monthly values of weather
norms for Karnal, for the period ranging from 1971 to 1982, as
prepared by the Central Soil Salinity Research institute are

given in Table 3.

3.3 MANAGEMENT PRACTICES

3.3.1 FEEDING

The nutritional regquirements are met through a balanced
ration of green and dry fodder along with concentrates. all the
animals are stall-fed and colostrum from the dam was hard-fed to
the calves. The calves are given mixture of whole and separated
milk wupto fouﬁ rnonths of age and separated milk upto six months
of age 6nly. Concentrates, minerals and roughages are made
available to the calves from one month of age and fed according
toc body weights as per nutritional standards. During later age,
feeding schedules/standards were laid down according to age
group, considering the regquirements for maintenance, growth and
production. For adult cows, green fodders and other roughages
are provided ad Iibitum. 2& "let-down' ration of 0.3 kg of
concentrate is provided at the time of milking and additional
concentrate 1is provided to meet the requirement of high milk

(greater than 8 kg) producers.
3.3.2 -HOUSING

The calves were kept in covered calf pens upto sizx months.
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Table 3. Average monthly values of weather norms (1971-1982)

Sl. Month Temperature Relative humidity Sun shine Wind
No (o) _ (%) day (h} velocity
Max.  Min. I IT (k. h)
1. January  19.6 - 6.2 91 47 7.8 5,4
2. February 21.8 7.9 88 46 8.3 6.0
3. March 26.9 12,0 82 35 8.9 6.3
4. April  35.3  17.8 61 20 10.5 7.1
5. May 39.1 23.0 16 18 10.7 8.4
6. June 37.8 24,5 6 38 9.1 9.0
7. July 33.2  25.9 85 67 6.8 7.8
8. August 32.5 25.2 88 71 7.4 5.6
9. September 32.8 22.9 88 85 9.3 4.5
10. Cctober  31.9° 16.9 87 82 . 9.6 | 3.5
11. November 27.1 11.2 . 88 39 8.8 3.4
12. December 21.7 6.7 91 38 8.0 4.9

Source : A climate of Karnal by Singh (1981), Division of Engineering,
CSSRI, Karnal, ICAR Bulletin No. 8
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The calves in the age group of six months to two years and
heifers from two years to conception were kept in different open
paddocks with sheds. The separate open paddocks with sheds under
loose housing system were provided for dry, lactating and

advanced pregnant cows.:
The milk recordinglof the cows was started from fifth day
after calving till the date of drying. The cows were milked

thrice a day, i.e. morning, noon and evening. The high yielding

cows were milked by machine and low yielding cows by hand.
3.3.4 BREEDING POLICY

3.3.4.1 Development of Karan Swiss cattle

The crossbreeding of Sahiwal and_few Red Sindhi cows with
proven Brown Swiss bulls by import of semen from USA was taken up
at the farm during 1963. The purpose of the project was to
compare crossbreds of different generations of mating and level
 of exotic: inheruhanée and evolve a strain of crossbhred cattle
suited to tropical climatic conditions. The American Brown Swiss
" was selected because of its comparatively high fat content among
exotic breeds and high milk production. The colour of Brown
Swiss also matched with that of Sahiwal and Red Sindhi. The
project started in 1963 by importing frozen semen of nine bulls
with progeny test aﬁeraging 5,400 kg (ranging from 5,045 to 6,543
kg). The aim was to have a herd of 200 Brown Swiss crossbred

COWS .

The comparative performance with respect to age at first
calving and lactation milk production of various Brown Swiss
crossbreds from 1966 to the period 1979-80 indicated that Fj
crossbreds were the best followed by 3/4 breds, halfbreds
‘(misce]lanecus crosses like Fy; x Fp, Fp x F; étc.) and Fp were-
the poorest. The Fj crossbreds had the lowest age at (first
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calving of 30.8 months, first lactation production (305 days or
less) of 2,933 kg and first calving interval of 421 days, the
average of all lactation production (305 davs or 'less) was 3,351
kg with average lactation length of 322 days and all lactations
calving interval of 407 days. The next best crossbred group was
3/4 (Brown Swiss x Sahiwal) with average age at first calving of
31.3 months, first lactation (305 days or less) milk production®
of 2,687 kg and first calving interval of 408 days:; the all
lactation (305 days or less) production was 3,055 kg with average
lactation length of 334 days and all calving interval of 411
days. The other genetic groups had performance lower than F; and
3/4-breds but all crossbred groups were better +than indigenous
breed éroups. There was no significant evidence of non-additive
genetic effects (hetero;is) with respect to growth, milk
éroduction, age at maturity and reproduction efficiency.
Therefore, in April 1980, the Breeding Committee of the Institute
decided to merge all the genetic groups and to practice selective
breeding for further genetic improvement of Brown Swiss x Zebu
crossbreds (Karan Swiss) cattle to exploit additive genetic
variability in the strain. The cows were selected on the basis
of their own production performance and pales selected on the
basis of their pedigree performance. During April, 1980 when all
the Brown Swiss crossbreds were merged .to form ‘'Karan Swiss'
{Fig. 1)}, the composition of Karan Swiss was: 86 per cent cows
were halfbreds, 6.4 per cent cows had above 50 per cent of exotic
inheritance, 4.8 per cent of cows wére below 50 pér cent of
.exotic inheritance and 2.8 per cent cows whose filial group was
not known. Presently, nost of the Karan Swiss cows are expected
to have exotic inheritance level around 50 per cent (Gurnani et
al., 1986). The current breeding programme is to bring about
improvement by selecticn of females on the basis of their own
performance and selection of breeding males on the basis of their

pedigree and progeny performance.

3.3.4.2 Development of Raran Friega cattle

For the purpose of eliciting information for the appropriate
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choice of exotic breed and optimum level of exotic inharitance,
the RDRI initiated a c¢rossbreeding project in 1971, The
Tharparkar (T) cows were mated with Holstein Friesian (H), Brown
Swiss (B) and Jersey (J) to produce halfbreds {(HT, BT and JT)}.

It was found that first generation HT crosses weré the bast.

The £first generation HT crosses had average age at first
calving of 28.2 months with first lactation yield of 3,471 kg in
305 days or less and -all lactation average yield of 3,734 kg in
305 days or less. The first generation JT crosses hazd Jlowest

performance.

These halfbreds were further nated to Holstein Frissian to
obtain crossbreds with 75 per cent exotic inheritance consisting
of 2~breed crosses {3/4 HT) and 3-breed crosses (1/2 H - 1/4 B +
1/4 T and 1/2 H + 1/4 J + 1/4 T). Tt was found that 75 per cent
crossbreds were not showing any significant improvement over the
first generation HT crosses. The avérage age at first calving
among 75 per cent crossbreds ranged from 33.70 to 35.50 months,
the average first lactation 305 days or less milk vyieli ranged
from 2,373 to 3,925 kg. The HS (Holstein x Sahiwal) crossbreds
at Indian Agricultural Research Institute, New Delai were
transferred to NDRI in 1976. The comparison of performznce of 50
per cent HS crossbreds with 75-per cent HS crossbreds also
indicated that there was no significant advantage c¢Z having
exotic level of 7% per cent. Since performance of varisus two-
and three- breed crosses indicated no evidence of any - nanifesta-
tion of hetervsis feor growth, production and regroduction
performance, best possible improvement could be obtained by
exploitation of additive genetic variance, The Breeding
Committee of NDRI, therefore, decided that all the crossbred
groups with 50 per cent or above inheritance of Holstein Friesian
be grouped together and further improvement be brought about by
mass selection. Approximately, half of the Friesian crossbreds
were having exotic inheritance level of 75 per cent Holstein
Friesian and the rest éere having f5 paer cent exotic inberitance
level from two exotic breeds (1/2 H + 1/4 J + 3/4 T or 1/2 H +
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1/4 B + 1/4 T). Thée level of exotic inheritance was subsegquently
reduced to 62.5 per cent. For this purpose halfbred bulls of
high breeding value from reputed organisaiions were procured and
they were used to cover the crossbred cows with 75 per cent
genetic inheritance. With the practice of mass selection on the
basis of cows' own performance and judicious selection of bulls,

a new strain of Friesian crossbred cattle named as 'Karan Fries'
{Fig. 2) has been ewvolved. The NDRI has embarked upon a
programme of proper initial selection of Karan Fries males on the
basis of their pedigree performance, apprepriate growth and body
conformation for the purpose of judging their suitability towards
fitness for production of good quality freezable semen. Semen of
these bulls i1s being distributed to the dlfferent regions of the
country for the purpose of theif'evaluation on the basis of
progeny performance in different. regions of country, This
programme 1s expected to bring about consistent impro#ement in
cressbred cattlé'of the farmers in the country (Gurnanié

1986).

et al.,

3.4 COLLECTION AND STANDARDIZATION_OF DATA

The available information for each animal was recorded from
individual cow history sheets and daily milk record registers in-
following sequence: animal number, genetic group cf animal, date
of birth, sire number, genetic group of sire, dam number, genetic
group of dam, date of first calving, milk yield (305 days or
less), total milk yield, date of drying and daily mrilk yield
(from 6th to 300th day or less milk yield).

A total of 85 Karan Swiss bulls and 101 Karan Fries bulls
were used in the present data. However, only 51 Karan Swiss
bulls and 54 Karan Pries bulls had five or more than five
daughters with milk production record. The records of both
breeds of cows of known pedigree with normal lactation were
inéluded in aﬁalysis. Lactation records shorter than 120 days

were excluded from the study.
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3.5 SAMPLING METHODS OF TEST RECORDS

The data of daily milk yields were sampled at £fortnightly,
monthly and bimonthly intervals under systematic sampling and
stratified randcm sampling schemes upto 300 days of lactation or

day of drying_whichever was earlier.

3.5.1 SYSTEMATIC SAMPLING SCHEME

3.5.1.1 Fortnightly recording

A systematic sampling scheme was applied by selecting first
test record (one day nilk yield) at random from first fortnight
and subseguent samples of test records were selected at exact
interval of 15 days fren the preceding date of test record till
300 days of lactatioh or date of drying whichever was earlier.
The first test record was selected at random by the method of

generation of random numbers by Power Residue Method (Grover,

1981).

3.5.1.2 HMonthly recording

A systematic sampling scheme was applied by selecting first
test record (one day nilk.yield}) at random from first month ' and
subsequent samples of test records were selected at exact
intervals of 30 aays fron the preceding date of test records till

300 days of lactation or date of drying whichever was earlier.

3.5.1.3 Bimonthly recording

A systematic sampling schemé was applied by selecting first
test record (cone day milk yield) at random from first bimonth (60
days} and subsequent samples of test records were selected at
exact‘ intervals of 60 days from the preceding date of test
reccrds till 300 days of lactation or date of drying whichever

was earlier.
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3.5.2 STRATIFIED RANDOM SAMPLING SCHEME

3.5.2.1 Fortnightly ;ecording

The lactation period of 300 days was divided into 20 strata
at fortnightly (15 days) intervals., Then independent random
samples of test records (one day milk yield) were drawn from each
stratum during 1st, 2nd and so on upto 20th fortrnightly strata or
till date of drying whitchever was earlier. Every test record
from each stratum was selected as independent random =sanple by
the méthod of generation of random numbers by power residue
method (Grover, 1981). .

3.5.2.2 Monthly recording

The lactation pefiod of 300 days ﬁas divided into 10 strata
at monthly (30 days) intefvals. Then independent random samples
of test records {one day milk yield) were drawn from each stratum
during first, second and so on upto 10th monthly strata cr till
date of drying whichever was earlier. Every test reccrd from
each'_stratum was selected as independent random sample by the

method of generation of random numbers by power residue nethod.

3.5.2.3 Bimonthly recording

=

The lactation period of 300 days was divided into £ strata
at bimbnthly' (60 days!) intervals, Then . independent random
samples of test records {one day milk yield) were drawn from each
stratum during 1st two, 2nd two, 3rd two, 4th two and 5th two
months of strata of lactation or till date of drying whichever
was earlier. Every test record from each stratum was selected as
independent random sample by the method of generation of random

nunbers by power residue method.

3.6 PART LACTATION RECORDS

The part lactation milk yield was taken by addition of
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observed daily milk yield during each fortnight, month and
bimonth upto 300 days lactation or till date of drying. In the
same way, cumulative part milk yield was obtained by summing up
the relevant part lactation yields. The following sets of part

lactation and cumulative lactation milk yields were generated:

i. Part lactation milk yield during 1st fortnight, 2nd
fortnight and so on upte 20th fortnight.

2. Part lactation milk yield during first month, second month
and so on till 10th month.

3. Part _laétation milk yvield during 1lst two-months, 2nd two-
ﬁonths, 3rd two-months, 4th two—mbnths and 5th two-months.

4, Cumulative part lactation milk yield during first 30, 60, 90
days and so on at 30 days interval till 300 days of

lactation.

3.7 METHOD OF GENERATION OF RANDOM NUMBERS

According to the Power Residue Method (Grover, 1981}, raﬁdom
numbers are formed by récursive relationship:
Mp+1 = kMp/mcd p
where, M., M;;; -are successive numbers, while k and p are
integer constants. The above equation implies that Mp,3; is the
remainder obtained after multiplying M, by k and dividing by mod
p. "mod" implies modulus. For instance, let p = 11, k = 2, M, =

1, then

My = 3 x 1/11 = 3
Mp = 3 x 3/11 = 9
M3 = 3 x 9/11 = 5
Mg = 3 x 5/11 = 4

This sequence repeats after some numbers. Attenmpt was made
to make this repetition freguency minimum. ~This may be achieved

by a suitable choice of k and p. The Computer Centre at this



70

Institute developed a computer programme +to generate random
numbers for fortnightly, monthly and bimeonthly milk recording

sgstems.

3.8 GENERATION OF TRAITS FOR STUDY

The first lactation records and daily milk yields were used

to generate following traits for study:

3.8.1 PRODUCTION TRAITS
1. Observed first lactation milk yield - OMY
{300 davs or less)
2. .Age at first calving (days} - AFC

3.8.2 SAMPLING SCHEMES

3.8.2.1 Systematic sampling schemes

a) Predicted first lactation milk vield (300 days cr less)
under fortnightly systematic sampling scheme.

b) Predicted first lactation milk vield (300 days =r less)
under monthly systematic sampling scheme.

c) Predicted first lactation milk yield (300 dafs zr less)

under bimonthly systematic sampling schene.

3.8.2.2 Stratified random samplinag schemes

a) Predicted first lactation milk yield (300 days cr less)

under fortnightly stratified random sampling scheme.

b) Predicted first lactation milk yield (300 days or less)

under monthly stratified random sampling scheme.
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c) Predicted first lactation milk yield (300 days or less)

under bimonthly stratified random sampling scheme.
3.8.3 PART LACTATION RECORDS

a) Fortnightly.Eért lactation milk yields from lst fortnight
to 20th fortnight of the lactation.

b} Monthly part lactation nilk yields from lst month to
10th mo§th of lactation.

c) éimonthly part lactation nilk yielas from lst dimonth to
5th bimonth of the lactation..

d) Cumulative lactation milk yiglds at 30 days interval

upto 300 days of lactation.

3.9 CLASSIFICATION OF DATA

The data were classified according to breed, genezic group

of breed, season and period of calving.

3.9.1 GENETIC GROUPS WITHIN BREED

3.9.1.1 ERarah Swiss breed

All the anrmals available in this breed were class:fied into
four genetic groups on the basis of filial generation znd level
of exotic inheritance. The four genetic groups were assigned

their code as shown in Table 4.



72

Table 4. Distribution of data according to genetic group and

their codes for Karan Swiss cattle

Sl. -‘Genetic group - No., of , Code assigned
No. - _ cows

1. I (Fyp) _ 211 6

2. II (F3p) . 81 . T 7

3. - III {(62.5 to 75% exotic ~ | 40 . 8

inheritance)

4. IV (less than 62.5% 712 9
exotic inheritance,
inter se mated
or filial group not
known excepting Fj

and Fp)

3.9.1.2 ERaran Fries breed

211 the animals in this breed were classified info 5 genetic
groups on the basis of their crosses of Holstein Friesian with
Zebu cattle (Tharparkar and Sahiwal) and exotic cattle (Jersey
and Brown Swiss). Five genetic groups were assigned the code

numbers as under:
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Table 5. Distribution of data according to genetic group and
their codes for Karan Fries cattle

S§1. Genetic group - No. of Code assigned
No. COWS
1. HT {Hcistein x Tharparkar} 154
2. KF (Karan Fries = ‘inter se 534 2
mated)
HS (Holstein x Sahiwal) 71 3
4, HJT [Holstein(50%) + : 48 4
Jersey(25%) + Tharparkar R
(25%) ] ) .
5. HBT [Holstein(50%) + | 28 s

Brown Swiss(25%) +
Tharparkar(25%)]

3.9.2 SEASON OF CALVING

A year was divided into five seasons as under:

Sl. Name of season Group of months . éode
No.

1. Winter December to February 1
2. Spring March to April 2
3. Summer May to June 3
4. Rainy July to September 4
5. Autunn October to November 5
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3.9.3 PERIOD OF CALVING

The data were spread over 18 years of first calving (1970 to
1987) for Karan Swiss breed and 15 years of calving (1974 to
1988) for HKaran Fries breed. The data were classified into B8
periods of calving in case of Karan Swiss and 7 periods- af
calving in case of Karan Fries by merging the consecutive years
as given below. The basic purpose was to have substantial number
of observations in each period such that variation between

periods was larger than within periods.

' Table 6. Distribution of ‘data according to periods for Karan

Swiss cattle

S1. Period of Number of Period code
No calving cbservations

1. 1970-71 | .66 1

2. 1972-?3 112 2

3. 1974-75 _ 146 - 3

4, 1976-77 . 2]11 4

5. 1978-79 180 5

6. 1980-81 114 6

7. 1982-83 ' 117 7

8. 1984-87 104 8




75

Table 7. Distribution of data according. to periods for Karan

Fries cattle

51. Period of Number of Period code
No calving abservations
1. 1974-75 - 62 K
2. 1976-77 102 4
3. 1978-79 a9 "5
4. 1980-81 140 6
5. 1982-83 141 7
6. 198485 ‘ 164 8
S

8. 1986-88 148

"3.1¢ STATISTICAL ANALYSIS

Statistical analyses were carried out separately for Karan
Swiss and Karan Fries breeds with the help of HCL Horizon III
computer system available at Computer Centre, Naticnal Dairy

Research Institute, Karnal.
3.10.1 cCOW EVALUATION

3.10.1.1 Estimation of milk yvield for every part of lactation

under each of the ahove sampling schemes

Prediction of lactation milk yleld (PMY) for 300 days or
less under systematic and stratified random sanpling schemes was

made as under:

PMY (space of sampling x milk fiéid of séﬁéﬁéd day)

M
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+ [{(actual lactation length) - {(space of sampling
schemes x number of samples)}
x milk yield of last sample yieldl
where space of systematic and stratified random sampling schemes

was as under:

l. Fortnightly = 15 days
2. Monthly = 30 days
3. Bimonthly = 60 days

3.10.1.2 Fitting of linear equations for prediction of first

lactation milk yield under various sampling schenes,

part laétation vield and cumulative part lactation milk

yield N

The ratio of 300 days lactation milk vield to part vield was

calculated as under:

N
>y
i=1
Rj = —mm————mme-
N
. Xij
i=1
: . . -th
where, Rj = the ratio for extending j part record
Yj = the actual lactation yield of ith animal
- . ) .th . .th
The estimated lactation yield of i animal from j part
record: o

Yij = By Xij

The error of estimate was calculated as given below:
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. . . 0
where, E; is the difference between estimated/predicted (¥;) and

.th

actual (¥;) lactation yield of i~ cow
N
= &
i=1
Average error =. =-==acao__
N

where, N is the number of observations.

The per cent error {(P) in the estimation of lactation vyield

from various sampling schemes, part yields and
yields was‘calculated as shown below:
‘N
o B
i=1
P = -———---—=-- x 100
N .
S v
i=1
The absolute error of estimation = !Eil
N .
Z [Ei]
i=1
The average absolute error = mmemmmee-
N
N
= (e
i=1
Average absolute error per cent = -———-----
- . - N

cumulative

milk
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The wvariance of error was estimated as follows:

N N Z
> E:2 <~
Ej > Ej
i=1 i=1
N
Variance S
- N -1

3.10.1.2.2 Prediction of lactation yield by regression method on
the basis of observed part yields or estimated part

yields under various sanpling schenes .

The linear regression of observed lactatian'milk_yield (OMY)

on part lactation milk yield was estimated by the model:
Y;i = a5 * b Xj4

predicted milk yield (pMy) of i*! animal

where, Y;
the constant for jth part record

a =
J

b = the regression coefficient

xj4 = the jth part record of ith animal

The coefficient of determination (RZ) cf the regression

model for the jth part yield was estimated as described below:

N
2 Xiy ¥y
N i=1
bj Z le Yj — =ommmmmmmsoeoo-
i=1 N
R2j = ST T T T T T T T T T s e e x 100
C oV {Y)
'where, V(Y) = the variance of lactation milk yield (Y)
b = the regression coefficient of ¥j on X;j

J
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th .
aninal

the j™P part lactation record of i

number of observations

=
I

3.10.1.3 Effectiveness of prediction of lactation vield on "the

basis of observed part yvields or estimated part vields

under wvariocus sampling schemes

——

The multiple regression analysis was conducted to determine
the effective contribution of different observed and estimated
part yields to lactation milk yield (OMY). The milk vyields of
fortnightly, monthly, bimenthly and cumulative part lactatioas
were taken as independent variables and OMY was regarded as

dependent variable. The -model used for this purpose was as

follows:
Y = bg + b1X] + baX9o «.ev.nia. bpXp
where, Y = observed lactation milk yield (OMY}
bg = a constant
b1 = partial regression coefficient of Y on X3
by = partial regression coefficient of ¥ on X3
b, = partial regression ccefficient of Y on X,

X1, X2 ...... X, are independent variables (part vields)

The estimates of the partial regreséion coefficients were
obtained by solving the coefficient matrix derived from normal
equations separately for each situaticn. The standard srrors of
partial regression coefficients were calculated’ according to
Amble (1975) with the help of inverse elements of coefficient
matrix. The significance of partial regression coefficients was
tested by students' t-test.

~-The analysis of variance was conducted as follows:



80

Source d.E, S.S. m.s. Variance ratio

MSe
Due to regression n SSr MSr mmmmmae .
MSr
Residual- {N-n-1) SSe MSe
Total {N-1) . SST

where, n 1s the number of independent variables which varied from

S to 20 in different cases.
The coefficient of determination (RzJ or accuracy of fitting
the regression model was estimated as the ratio of sum of squares

due to regressicn (S8r) to total corrected sum of squares (SST).

3.10.1.4 Selection of optimum number of test records for

estimation of lactation vield by forward stepwise

regression analysis

This is the improved version of the forward selection
procedure. The improvement involves the reexamination at every
stage of the regression of the variables incorporated into the
model in previous stage. Any variable which provides a non-
significant contribution is removed from the model. This process
is continued until no more variables would be admitted to the

equation and no more are rejected.

Step 1 .

The stepwise procedure started with the ginple correlation

matrix and entered into regression the part yield variable most
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highly correlated with OMY. The highly correlated variable was

entered as in the forward selection.

Step 2

Using the partial correlation coefficient as before, it
again selected, as the next variable to enter regression, that
independent variable whose partial correlation with the response
(OMY) was highest. Then this ‘entered independent variable' of
part vyield was analysed again by forward selection regression

analysis.

Step 3

The regressicn equation was re-examined for the contribution
of first variable which it would have made, if second variable
had been entered first and first variable entered second (the
forward selectioﬁ did not do this). Since the value of the.
partial F was statistically tested for significance at P < 0.05,
the first variable was retained when partial F was significant.
The stepwise method selébted the next wvariable to enter, the one
.most hiéhly partially correlated with the response (OMY) (given
that variable first and second were already in regression}. This
was taken as the third variable. The process was continuga until
a new variable did not give significant partial 'F' test (Draper

and Smith, 1966).

3.10.2 EFFECT OF VARIOUS NON-GENETIC FACTORS ON OBSERVED AND
PREDICTED LACTATION YIELDS BY METHOD OF LEAST SQUARE

ANALYSIS

The effects of various non-genetic factors such as season of
calving, period of calving and age at first calving on observed
lactation vyield and estimated Jlactation yields under different
sampling schemes were studied in order to ascertain the
contribution of these factors towards the " variability “in

lactation yield. Since the number of observations in different
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sub-classes were unegqual and diproportionate, method of least
squares analysis as described by Harvey (1966) was used to
ninimise thé effect of non-orthogonality. The mathematical model
used to study the effect of different non-genetic factors was as

follows:

Yijkl = B * Gi * P§ * Sk *+ bixjqiy - X+ ejsx1

where, Yj4k1 = the record of Ith animal that calved in k°N

.t . . .
season under the j h period and 1th genetic

group
R = population mean
Gj = effect of ith genetic groupy;

for Karan Fries (KF) (i = 1, 2} 3, 4, 5);
for Karan Swiss (KS) (2 =6, 7, 8, 9);

Py = effect of jth period of calving;
for Karan Swiss (j = 1, 2, +vsveeas 8);
for Karan Fries (3 = 3, 4, «...vvs 9}
Sy = effect of kth season of calving;
for Karan Swiss and Karan Fries (k = 1,2...5)5
b = partial regression of Yj4k1 on Xijk1i
Xijkl = an independent continuous variable (age at
first calving);
X = breed average of age at first calving;
€jjkl = random error associated with Y39kl and

assumed to be normally and independently

distributed with mean zero and constant

. 2

3.10.3 ADJUSTMENT OF DATA

The data were adjusted for genetic groups, scason and period
of calving and age at first calving to remove their differential
effects, The adjusted records were used to estimate genetic

parameters.
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3.10.4 ESTIMATION OF GENETIC PARAMETERS

The adjusted records were used for estimation of genetie
parameters. Only those progeny groups which had minimum of five
daughters per sire were included in the estimation of genetic
parameters. ' '

3.10.4.1 Estimation of heritability (h%)

The estimates of heritability of observed lactation milk
vield, predicted lactation milk yield under different sampling
schemes, part vields and cumulative yields were obtained by the
nethed of paternal half-sib correlation (intra-sire correlation
among daughters) method by least square analysis (Becker, 1975}.
The principle of the estimation is based on measuring resemblance

among relatives (half sibs). The model used was
Yij = R+ S; *+ ejj
' .th th _.
where, Yiy = the performance of j progeny of i sire
7l = the overall mean
5 = effect of 1 sire

random error associated with Y;4 and assured to

eiy . = :
be NID (0,%)

Analysis of variance table

Source of wvariation d.£f. MSS EMS

Among sires s-1 MSs

o)

Progeny within sires N-S MSe

Total ) N-1




2 MSs - MSe
Cl_—_ = et e - —
S k
2
o = MSe
. =
- .5 -
— 2 '
Z M
1 i=1 !
j
k = ——-=- N - ——c-mmmmmmee :
!
_ s-1 N ~
Hence, intra class correlation 't' among paternal Half
was . .
' a 2
o
s
1 2 e mmmm———
2 2
:;—d <+ ﬁ-—-
s e

Heritability was estimated as

2
4“3
h? = 4t = mmmmmmmeme-
2 2
AR
s e
2 )
where, o is the component of sire variance
8
5 -
T is the error variance

e

84

sibs
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The standard error of h2 was calculated by using the formula
by Swiger et al. (1964):

2(N-1) (1-£)2 [1+(K-1)t1%
K (N-S)(5=-1)

where, N is the numbefr of observations
5 is the number of sires
K is the average number of progeny per sire (estimated by

formula given abhove)

3.10.4.2  Genetic and phenotypic correlations

The genetic and phenotypic correlations among different
traits, viz. observed lactatlon milk yield, predicted lactation
milk yield under different sampling schemes, part and cumulative
yields were estimated from the analvsis of variance and
covariance among sire groups as given by Becker (1975).
3.10.4.2.1 Genetic correlations (rg)

The genetic correlation was estimated by using for=zula

[ Covg (XY) ]

where, X and Y are two different traits for the same individual.

Covg (XY) = sire component of covariance between traits
X and Y

-2 .2

o (X) and — (Y) are the sire conmponent of variance for
s

traits X and Y respectively
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The standard error of genetic correlation was estimated by

using the formula given by Robertson (1959):

where, h2X and th are the heritability estimates of ths traits X
and ¥.

3.10.4.2.2 Phenotypic correlationltrp)

It was estimated as
Covg (XX) + Covg(XY)

L2 2 - 2 z
o (X)) v 7 txJ‘J oY)y + (Y}
s e = e S =

where, Cov, (XY} is error component of covariance between traits

X and ¥
2 2

< (X) and < {Y) are the error conmponents of viriance for
e e

traits X and ¥, respectively.

The standard error of phenofypic correlations was obtained

according to formula given by panse and Sukhatme (1967).

_wheré, rp (XY) is the phenotypic correlation between ¥ and. Y

traits in same individual and N -~ 2 is the degree of frzedom.
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The statistical significance of correlation coefficient was
tested by Z-transformation and t-test as given by Snedecor and
Cochran (1967). |

3.10.5 SIRE EVALUATION

The breeding value of sires was estimated on the basis of
observed lactation milk .yield (OMY) and predicted lactation milk
yield (PMY} on the basis of various sampling schemes and part
lactation yields. The following methods of sire evaluation were

used.

1. simple daughter average indexd (Ij)

The sires were evaluated by simple daughter’ averége using

unadjusted data for various traits:
Ii = T

where, I7 is the first sire index method for ith sire

D is daughter's average first lactation traits of the sire

2. Contenporary comparison method (I3)

The simple daughter average method of sire evaluétion is
very easy to compute but has the several limifations, especlally
when the number of daughters per sire group are small and their
spread is over longer period of time; then it provides biased
estimates. Therefore, adjustment for time differences in
daughters performance can be taken care of by contemporary
comparison method. The contemporary of a cow was considered to
be the daughters whose calving fell within two months before and
two months after the date of calving of daughters of sires under

evaluation. The formula used for estimating the sire index was

as under:
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nj
I = A + =vsemeeeeoeoeo (D - CAD)
2 2
(vi + /%)
where, I2 = index of sire
o = population mean .
ni = number of daughters of the sire
9 .
Te = component of error variance
2
s = component of sire variance
TaD = contemporary_daﬁghters average

This method not only adjusts records made at different
periods but also takes into consideration the variation in number
of daughters of sire under evaluation. '

3. Least square analysis method (I3)

For sire evaluation, the lactation milk yields, predicted
nilk vyields, part vields, etc. were adjusted for the effects -of
genetic group, season and period of calving and age at first
calving, "~ using least square analysis method (Harvey, 1966) to
minimise the effects of non-orthogonality. The mathematical
model used to estimate the breeding value of sires was as
follows: _ '

Yij = B+ 85 *+ ejj
jth observation in ith sire group (sire index
valne) adjusted for various non-genetic effects;

where, Yj5

)i = overall population mean;
S = the effect of i sire expressed as a -deviation
from overall mean (u);
eij = random error associated with Y;j and assumed to
2

be NID (0, Ye ).

4. Beast Linear Unbiased Prediction (BLOP} (I4)

Henderson (1975) proposed a modified maximom likelihood
method using mixed model. It is called Best Linear Unbiased

Prediction (BLUP). The procedure used was:
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Let the linear mixed model bhe

where,

Y=X£+Zu+e

Y is an n ¥ 1 observation vector
X is known as n x p matrix of fixed effects (viz. period
and season of calving, regression on age at <calving,

genetic group)

Jéa is unknown fixed vetor (p x 1}

where,

Z is a known n x g matrix corresponding to random effects

(sire effects)
u is a known random vector (g x 1)

-

u and e are non-observable random véctors with null means
and
a _ / -‘ja-%_
Var =
e D R
is a scalar which is unknown and G and R are both non-

g
singular

The analytical model used was

Yj3klmn =M * Gf * Pj *+ Sk + By + b(Xjjkimn ~ X} * €ijklmn

where,

= production. of nth daughter of lth gire. calved in

Yijklnn th th th
k season of 7 period in i genetic group
n = population mean (fixed). ’
Gy = fixed effect of it: genetic group
Py = fixed effect of jt period of calving
Sk = fixed effect of kth season of calving
B; = random effect of 1% sire with expectation zero
and constant variance 2
o

L=



Xijklmn=

]|
I

€jjklmn~

=g ¥

partial regression of Yjjklmn on Xijklmn
an independent continuous variable (age at first
calving} corresponding to ¥jjklmn

breed average of age at first calving.

random error associated with Yijklmn and assumed
to be normally and independently distributed
2

with mean zero and constant variance

€

3.10.6 SPEARMAN RANK CORRELATION BETWEEN BREEDING VALUES BY
DIFFERENT METHODS

The correlation between the rankings of the sires based on

their breeding values estimated by various methods were tested by

using Spearman rank correlation (Steel and Torrie, 1960) as

r {rank) = 1 = e

where, r

n
dj

rank correlation
number of sires under evaluation

difference between the ranking of a sire by two

methods

The significance of rank correlation was tested by

n - 2

t = r  fremeemeee

which has a student t-distribution with n-2 degree of_freedom.

3.10.7 CRITERIA FOR JUDGING THE EFFECTIVENESS OF SIRE EVALUATION

METHODS

The following criteria were used for judging the

effectiveness of the various sire evaluation methods:
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i) Within-sire variance or error variance

ii) Rank correlation of breeding values by a pfocedure with the
breeding values by most efficient procedure.
3.10.8 NOMBER OF DAUGHTERS WITH PART RECORDS REQUIRED TO PROVE
THE SIRE WITH THE SAME EFFICIENCY AS OBTAINED ON THE
BASIS OF A GIVEN NUMBER OF TOTAL LACTATION RECORDS

Number of part records to prove the sire for lactation (300
days) yield with the same efficiency as that of given numbe;' of
300 days lactation milk records was estimated by the following

two methods:

i) B T T T -
2 2 2
Tsg - g Tg A
(Vanvleck and Henderson, 1961b)
) .
“g
where, A = T e T e
2
2 )
R
ni/
2
Te = error component of wvariance of part records
2
Cﬁg = sire component of variance of lactation (300 days)
records
2
a;a = c¢ovariance between S; and g;
2
@s I ‘sire component of variance of part records
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2

<TE = error component of variance of complete lactation
ni = nunber of daughters with part records
ni/ = number of daughters with lactation (300 days)

records

{1ii) Searle (196la} -gave a method from which the number of
daughters with part records reguired was estimated. ©On the basis
of it, the following formula was used to determine the number of
daughters with part records (n) required as against a fixed

number of daughters with 300 days lactaﬁion records.

4 + (n-L)h“p ' 4 + (N-1) h

genetic correlation between part and 300 days

where, r
lactation yield;

n = number of daughters with part records; -

N = npumber of daughters with 300 days yield;

h p = heritqbility of part lactation yield;

h = heritability of 300 days yield.

—————————————— ‘was the accuracy of the sire 'proof for
4 + (N-1} h
300 days record. When 300 days records of 'N' daughters were

used: —

——————————————— was the corresponding accuracy
4 + (pn-1) h P _
for part lactation records. When part records of 'n' daughters
were used, this factor, when multiplied by genetic correlation
_{rg), would give the accuracy of sire proof for 300 days record

when 'n' part records was used.
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3.10.9 DETERMINATION OF OPTIMUOM PROGENY GROUP SIZE

The breeding value of bulls with 15 or more daughters was
considered as 'True Breeding Value' (TBV). For such set of
bulls, the breeding value was estimated separately on the basis
of first 5 daughters, first 8 daughters and first 12 daughters
and 15 or more daughters. The correlations between breeding
value of bulls on the basis of various prdgeny group sizes with
"True Breeding Value' were estimated. The minimum npumber of
daughters in sire group 'which gave more than 80 per cent accuracf
of prediction of TBV was considered as optimum.

3.10,10 COST OF FIELD RECORDING OQOF DAUGHTERS UNDER VARIOUS
SAMPLING SCHEMES FOR SAME ACCURACY OF PROGENY TESTING OF
BUOLLS WITH VARYING PROGENY GROUP SIZE

The number of .progeny required per sire under various
sampling &chemes to obtain the same accuracy of evaluation of
breeding value of sires as obtained for a given number of progeny
size with complete first lactation yield was estimated by using
the following formula (Cunningham and Vial, 1968):

V (Ek)
nik’ = nj Lt meeeeees
v (Y}
where, “ik/ = the numger of daughters required for ith sire
under kt sampling scheme,
nj = the number of daughters available for the ith sire

with first lactation yield,

V(ER) = within sire error variance of prediction of
lactation yield under K* sampling, and
v(Y) = variance of first lactation yield.

The cost of field recording for progeny testing a bull was
obtained by considcring the number of test records required under
each sampling scheme for varying interval of recording multiplied
by the cost of recording a cow on one day. The cost of recording
a cow on a day was taken as Rs.6.
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4. RESULTS AND DISCUSSION

The results of investigations on Karan Swiss and Karan Fries

cattle have been presented and discussed as given below:

4.1 PERFORMANCE WITH RESPECT TO OBSERVED FIRST LACTATION MILK
YIiELD (oMY} ARND PREDICTED LACTATION MILK YIELD {(PMY} UNDER
SYSTEMATIC AND STRATIFIED RANDOM SAMPLING SCHEMES

4.1.1 LEAST SQUARES MEANS AND STANDARD ERRORS FOR OBSERVED
(OMY) AND PREDICTED (PMY) FIRST LACTATION MILK YIELD IN
KARAN SWISS BREED '

The least sguares means with standard error for OMY and PMY
under systematic and stratified random milk recordiﬁg schemes for
Raran Swiss cattle are shown in Table 8. It is seen from Table 8
that . for Karan Swiss the overall least sguares mean of - observed
first lactation milk yield (OMY) was 2639,98 + 35.76 kg. The
average predicted lactation milk yield on the basis of test day
samples taken at fortnightly, monthly and bimonthly intervals
under systematic sampling schemes were 2640.67 + 35.84 kg,
2646.25 + 36.39 kg and 26865.46 * 37.00 kg, respectively and under
stratified randowm sampling schemes were 2640.07 + 35.84 kg,
2645.37 =+ 36.00 kg and 2651.B8 =+ 36.37 kg, vrespectively. The
estimates of average predicted lactation yields along with
standard error were slightly higher as compared te average of
oMY, Although there was a slightly increasing trend in PMY and
its standard error with increase in testing interval, there was
glight increase of 0.69 kg and 0.0% kg in average lactation milk
yield in prediction as compared to OMY under fortnightly
systematic and stratified random sampling schemes, respectively.
However, under monthiy systematic scheme there was increase of



Table 9. TLeast squares means for ONT and PMY under systewatic and stratified random sampling scheme of Raran Bwiss breed

iin kgs)
Rffects Hd. of .34 Systematic sampling scheme Stratified randow sampling scheme
DbSI ----------------------------------------------------------------------------------------------
Fortnightly Nonthly Bimonthly Fortnightly Konthly Bimonthly
Population 1044 2639.98435.76 2640.67435,80  2646.25136.,39  2665.46+ 37.00 1640.07435,84  2645.37136.00  2651,88+36,37
Bean
Genetic groupt* . :
b A1 3017.66447.49 3014.92¢47.59  3625.57:48,21 034,86+ 49.14 30!1.2314?!EU 30212108781 3014.50+48,30
1 81 - 2482.44+75.58 492,30:75.76 249031476, 04 525,36+ 18.12 2079.08435,77  2486,62476,10  2474,41+76.88
3 40 2571,49496.86 2568.60407.09  2578.15498.35  2615.28+100.24 1568.12:90.10  2572,09497.52  2604,63498.5)
§ 1?2 2488,31128.33 2406.88:20.40 879002877 - 485,34+ 29.32 2481,82¢28, 81 2501,52328.53  2513.97+28.82
Seagong!! . S
1 398 264334100, 79 2641,55+40.88  2651.03441.42  2663.1% 42,21 2640,57+40.09  2644.96441,07  2656,86+41.49
: S 1459,64+43. 20 H59.66443.30 2460, 49443.86 248207 W T0 2459.81+40,30  2460.29+443.49  2453.64+43.94
3 117 2633.13156,89 2637.,00467.03  2633.53+57.70  2671.13+ 59,38 1632,42+457.04  2630.95437.28  2624,52+57.87
{ 116 2604.80¢62.01 2606.39+62.15  2616.70+62.97  2610.31s £4.17 2603.68+62.17  2619.06162.43  2622,70+63.08
5 08 2858,97118.19 1058.40478,17  2869.41379.39  2893.60 80.91 1863,84178.38  2971,55478,72  2902,70479.54
Periodst® o )
1 65 1674.31179.58 7680,02479.77  2675.98+80.80  2668.48+ 12,35 2674,77478,78  2697,57480.12  2763,19+80.95
2 109 2862.39+62.02 1564.60462.17  2860.29452.58  2889.02¢ 64.18 2861.85+62,17  2890.11262.44  28480.53+63.09
3 146 2667,96158,33 2671,59+498.67  2671.2145%.4)  2678.41s £0.57 1568.60+58,68  2668.04458.93 . 2653,05459,54
4 209 2452.86+454.94 2455,24454,57  2466,00435.65 479,66+ 56.76 2449,26+54,98  2458,00455,22  2412,26455.79
5 ige 2331.80154.75 2330,03454.88  2325.82:55.80 . 2364.031 56,66 - 2331.55+54.88 2MILLOTA5D.13 - 2330,98435.69
§ 114 2493,54471.45 2697.60471.63  I513.984+70.36  2527.23r 73.9% 2497.64:71.63  2494.50471.94  20511.01472.58
7 I7 2561.20471.93 2558.04072.10  2576.97:+70.04  2603.40s 74.43 2566.68+72,10  2561,3%472.42  254%.10713.17
8 194 3075.58+72,90 3068.25¢73.00 307977374003 313,46+ 75,45 370.07¢73.09  3062.21073.40  3093,04+74.15

'* Gemetic growp, season and period of calving significant 1P ¢ 9.01) under GMY and al) sis sanpling scheves

56



96

6.27 kg for PMY and under monthly stratified random milk
recording scheme there was increase of 5.37 kg as compared to
oMY . Under bimonthly recording there was increase of 25.48 kg
and 11.9 kg in average lactation milk vield under systematic and
stratified random sampling schemes, respectively. The least
square means of first lactation milk yield (305 days) of Karan
Swiss cows were reported to be 2469.95 + 697.77 kg by Kumar and
Bhatnager (1989) and to be 2167 % 116 kg by Kumar and Reddy
(1989).
4.1.2 LEAST SQUARES MEANS AND STANDARD ERROR OF OBSERVED {(OMY)
AND PREDICTED (PMY) FIRST LACTATION MILE YIELD IN KARAN

FRIES CATTLE

It is seen from Table 9 that the least squares mean of first
lactation milk yield (OMY) was 2768.65 + 55;02 kg. The average
predicted lactation milk yield (PMY) on fhe basis of test records
taken at fortnightly, monthly and bimonthly intervals were
2770.36 + 55.20 kg, 2770.67 + 55.61 kg and 2751.89 + 56.88 kg
under systematic sampling scheme, respectively and 2773.76 +
55.16 kg, 2777.34 + 55.04 kg and 2793.17 + 56.31 kg wunder
stratified random sampling scheme, respectively. The estimates
of average predicted lactation milk yield and standard error
showed a slightly increasing trend with increase in recording
intervals for both sampling schemes. There was slight increase
of 1.71 kg and 5.13 kg in average lactation milk yield in
prediction as compared to OMY under fortnightly systematic and
stratified random sampling schemes, respectively. However, under
monthly systematic scheme, there was increase of 2.02 kg for PMY
and under monthly stratified random milk recording . scheme there
was increase of B.69 kg as conmpared to OMY. Under bimonthly
systematic sampling scheme, the lactation milk yield was
underestimated by -16.76 kg whereas under stratified sampling it
was overestimated by 24.52 kg. The least square mean of first
lactation milk yield (305 days) of Karan Fries cows was reported
to be 2278 + 178 kg by Kumar and Reddy (1989). The lactation
milk yield (CMY) was reported to be 2902 kg in Holstein Friesian



Table 9. lLeast squares means for OMY amd I under systemalic and stratified randow sampling schewe of Xaran Fries breed

{in kygs!
Rffects fo, of on Systemstic wampling scheme Stratified random sanpling scheme
ﬁbs‘ -----------------------------------------------------------------------------------------------
Portnightly Konthiy Bimonthly Fortnightly Honthly Binonthiy
Population 835 1168,63+ 35.02 7176.384 55,20 2770.67 55,60  2750.89: 56.88 . 27973.7%: SR.M6  2777.3& 55,04 219317+ 8631
»ean :

Senetio groupet!
1

L D G g

Seanang

AT km G g

Pariodstt

W SRl # AR e e

4
54
1l
§8
8

341
195
11%
183

n

b2

Ll

99
134
14
164
146

3239.72+ 87,90
MU 65,50
1708,547104,81
2324.141118.92
2436, 297144, 40

2841.62¢ 5931
1649.93+ 65.14
1761.87% 8213
2744417 93,93
2856.47% 9492

2945.59¢107.16
093,34+ 85.86
782,67 TN
2040, 968 92,11
MWLININ,IS
2859.51115.52
2646,68¢119,55

151,19+ 8815

133,187 65,71
2712,821105.,15
1 82419.31
2432,984144,85

216,39+ 59,32

1654,11% 65,35

2769,865 B1.40
1740,17% 84,20

271,075 94,17

1954,504167,50
383,347 86,14
286,213 74,98
2039.067 92,40
212,717121.78
205616711509
1860,551118, 93

346,635 88,42

I8 66,19

124.51:105.M
131%.444120.18
2424, 115145,91

WI0.63s 59,95

243,277 §5.92
279,407 8299
246,22V 34,81
2863,80¢ 95,40

2964,85:108,2)
91157 86,76
84,985 15,53
203,793 93,07
2405817122, 56
MEL 6,
2839.841119.79

3215.031 9987
A% 6170
2688,001108.35
1280,451122.94
1426,510149, 27

2800.881 61,33
2621.83¢ 67,3}
746,06+ 84,90
110,020 86,75
860,661 97,13

2948.951114.78
363,257 88,76
189,197 1126
2422097 95,22
239121712549
2006.527119.42
2801.907122.55

150,13 88,14
3L, MY 65,57
7117, 735105.08

2334.364119.2

WIS

2319, 24+ 59.49
2655.77% 65.31
176923 82,34
27428557 84,14
282,147 94,2

2946364107, 44
308,315 86.08
17181317 14,93
2449,207 92,35
2425895121, 78
2061315115, 82
1861953118, 85

338,601 §7.93

-3150,162 63.52

2967.321104,85
2350.441118.97
2450, 157144,4%

2824641 59,36
2651.283 55,16
2766943 37.16
2763.63¢ 81,96
2880.48% 94,05

2976.711107,20
3122307 8588
213,857 M7
53297 9214

2408,961121.44

2057,377115.57
2848.877118,60

393,431 89,95
138.12% 67,83
M7.163107.26
12901712178
87315140, 77

1
283933+ 60,72
2636177 86.66
2012367 84,05
2154917 8589
1913067 96.22

2929,37¢109.65
3136.56% 87.86
2785547 76.49
2484.53% 94,26
HRRIDE R
1981 .99%116.22
2891,30+121,32

' Season of calving had significant effect (P ¢ 8.051 on monthly systematic and bisenthly systenatic and stratified rando sampling schemes
' Genelic group, season and period of ealving significant {¥ ¢ 0.01) under OMY and all six sanpling schenes
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¥ Sahiwal <crossbreds with exotic inheritance of 3/8-5/8 and
2722.91 kg in crosses with Holstein Friesian inheritance of
greater than 5/8 by Sharma et al. (1982). The estimated
lactation milk yield was reported to be more than observed vyield
by Singh and Desai (1%966), Pandey and Desai (1972), Taneja and
Garg {1976}, Basu and Ghai (1977), Bhat et al. (1978), Deshpande
and Bonde (1982) and Kumar {(1987) in Friesian x Sahiwal cross-
breds, Rao (1977) in the crosses of Friesian with Zebu, Raheja
and Balaine (1982) in crosses of Friesian with Haryana. '
4.2 THE _INFLUENCE OF VARIOUS FACTORS ON OBSERVED _(OMY) AND
FPREDICTED {PMY) LACTATION MILK YIELD UONDER VARIOUS SAMPLING
SCHEMES - ' '

4.2, INFLUENCE OF SEASON, PERIOD OF CALVING, GENETIC GROUP AND
AGE AT FIRST-CAtVING ON OBSERVED (OGMY) AND PREDICTED
{PMY) LACTATION MILK YIELD UNDER VARIOUS SAMPLING SCHEHES
IN KARAN SWISS CATTLE '

The least sguares analysis of variance indicated that the
effects of seasons, periods and genetic groups were statistically
significant (P < 0.01) on observed lactation milk yield (OMY) as
well as predicted lactation milk yield (PMY) under various
sampling schemes as well as intervals of recording in Karan Swiss
tTable 10). The regression of OMY as well as PMY's on age at
first calving was statistically not significant. The least
squares estimates of average effects of above factors under

various sampling schemes are given in Table 8.

The OMY as well as PMY's under various sampling schemes werc
found to be highest in autumn and lowest in spring. It is thus
seen that the sampling schemes did not generally alter the effect
of season in prediction of milk yield. The effect cf season was
reported to be significant by Mehta and Bhatnagar (1986), Kakran
(1987} and Datt and Joshi (1992) in Karan Swiss cattle on first
lactation milk yield. Dass (1991) found singificant effect of
season on observed (OMY) and predicted (PMY) lactation milk yield



Table 10. Yeast sguare analysiz of variance for effects of season and perlod of calving, genetic group and age at fxrst
calving on OMY and PMY's under systematic and stratified randm sampling scheme of Karan Swiss cattle

{in kgE}
Source d.E. MY i MEAN SUM OF SQUARES
Syat:eﬁatm sampling scheme St;t_'atified réndém séitpl.ing scheme

Fortnightly  Monthly Bimonthly . Fortnightly ~ Monthly  Bimonthly
Season** 4 2?239?1.3 2815786.5 é978533qﬁ 2956222.3 2834424.3 2939497.5 3481144.0
Period** 7 6708040.0 6619519.5° -R6B0Z93.0 6755422.5 66481754 6691536.0 7368178.5
Genetic 3 12354604.0 12182967.0 12620449.0 12810945.0 124396840 12019440.0  11381083.0
group** : :
'Regr;:s&timn 1 25846.1 42838.9 47726.4 41782.9 17292.7 38240.6 30.5
on AFC {days} '
Error 1028 350287.6 351966.5 361156.6 375164,9 352035.8 | 555}; 84.4 362460.4

# gignificant (P < 0.01); * Significant (P < 0.05)

66
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under fortnightly, monthly and bimonthly systematic and
stratified random sampling scheme., On the other hand, the effect
of month of:ca]ving was reported to_be not significant in field
condition in crossbred cattle by Chacko et al, (1984) and Garcha
and Dev (1985).

Period of calving significantly (P < 0.01) affected OMY and
PMY under fortnightly, monthly and bimonthly systematic and
stratified random sampling schemes. Kakran (1987), Datt and
Joshi (1992) in Karan Swiss cattle also reported significant
effect of period of calving on observed fairst lactation milk
yield. Dass (1991) reported that period of calving was found td
have significant effect on PMY under three testing intervals of
both 'sampling schemes in Murrah buffaloes. Panda and Sandhu
(1983) in Jersey x Haryana crosses and Garcha and Dev (1985) in
crossbred cows reported that period/ year of calving had.

statistically non-significant effect on first Jactation milk

yvield.

Genetic groups had statistically highly significant effect
(P < 0.01) on all traits. The highest OMY as well as PMY's under
systematic sampling scheme were found to occur for genetic group
Fl1 (3017.66 kg} and lowest for genetic qroup F2 (2482.44 kg). The
highest PMY (3021.23 kg) occurred for genetic group F1 and the
lowest PMY (2491.82 kg) occurred for genetic group inter se mated
under stratified random- sampliﬁg scheme (Table 8). The
differences among mean yields for genetic groups F2 and inter se

mated were, however, statistically not significant.

The published literature indicates that the statistically
significant effect of genetic groups on first lactation milk
yield was reported by Bhatnagar and Sharma (1976) in Brown Swiss
X Sahiwal crosses and Raheja and Balaine (1982) in Brown Swiss x
Haryana crosses. Kakran (1987) and Datt and Joshi (1992) found
in Karan Swiss callle that the effect ol genetic group on first

lactation milk yield was statistically non-significant.
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Effect of age at first calving (AFC) on all traits was found
to be statistically non-significant. Similar finding was
reported by Raheja and Balaine {(1977) in Harvana and its croeses
and by Dass (1991) in Murrah buffaloes. Datt and Joshi (1992)
found significant effect of AFC on first lactation milk yield in

Karan Swiss cattle.

N

4.2.2 INFLOENCE OF SEASON, PERIOD, GENETIC GROUP AND AGE AT
FIRST CALVING ON OBSERVED (OMY) AND PREDICTED (PMY)
LACTATION MILK YIELD UNDER VARIOUS SAMPLING SCHEMES 1IN
KARAN FRIES CATTLE

~The least squares analysis of wvariance in Karan Fries
indicated that the effects of period, genetic group and age at
first calving was highly statistically significant on OMY as well
as PMY's under various sampling schemes (Table 11). The effect
" of season of calving was not significant on OMY and PﬁY's under
fortnightly systematic and stratified random sampling schemes but
was significaﬁt (P < 0.05) on PMY under mohthly and bBimonthly
recording. The least square means of OMY and PMY under various

sampling schemes are given in Table 9.

The OMY as well as PMY's under various sampling schemes were
found to be highest in autumn season and lowest in spring season.
It is thus seen that sampling schemes did not generally alter the
effect of season in prediction of milk yield. Khanna and Bhat
(1972) and Taneja and Bhat (1974) and Kumar {(1987) found that
season of calving did not have significant effect on lactgtion
milk yield in Friesian x Sahiwal crosses. Dass (1991) reported
that season of calving had significant effect on PMY¥'s under -
fortnightly, monthly and bimonthly systematic and stratified
random sampling schemes in Murrah buffaloes. He also found that
least square mean of OMY as well as PMY's under both sampling

schemes was highest in March to April and lowest in July to

September.



Table 11. Least square analysis of variance for effects of season and period of calving, genetic group and age at first
calving on OMY and PMY's under systematic and stratified random sampling scheme of Karan Frieg cattle

(in kg2)
Source d.f. IOMY : MEAN SUM OF SQUARES
- Systematic sampling scheme. ' Stratjfied random sampling scheme
Fortnightly Monthly Bimonthly Fortnightly Monthly Bimonthly
Seasor; 4 1002680.5 995704.3 - 1121774.0% 1189250.8* 1036855.4 1100006.3* 1587120.1*
Period** 6 5316070.5 5321380.5 _ 5338076.5 4979472_.0 - 516696-5.0 5401476.5 .5757486.0
Genetic 4 9303153.0 9536125.0 | 9453878.0 9645326.0 9323377.0 94077604.0  10006801.0
group**
Regression 1 7968023.5 8033971.5 7147774.0 6840696.5 8458281.‘0 " 8017378.5 7942291.5
on AFC (days)** ' : '
Error 819 462565.0 | 465539.0 - 472335.1 4§4345 .7 464988.5 462926.2 484451.4

** Significant (P ¢ 0.01); * Significant (P ¢ 0.05)

Z0T
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The period of calving had significant effect on OMY as well
as PMY's under various sampling schemes. The significant effect
of year/period of calving on first lactation milk vield was also
reported by Khanna and Bhat (1972) and Kumar (1987) in Friesian x
Sahiwal crossbred and Kakran {1987) in Karan Fries cattle. Dass
(1991) also found significant effect of period on OMY and PMY's
under fortnightly, monthly and bimonthly systematic and

stratified random sampling schemes in Murrah buffaloes.

-

The effect of genetic group on OMY and PMY¥'s was found to be
statigtically significant (P < 0.01). The least squares means of
OMY and PMY's under various sampling schemes were found to be
highest in genetic group H x T crosses and lowest 1in genetic
group H x JT crosses. It is thus =seen that sampling.schemes did
not generaliy alter the effect of genetic group in prediction of
milk vield. The effect of geﬁetic group waé also foundéd to bhe
significant as reported by Pandey and Desai (1973} and Tomar and
Tomar (1982) in Friesian x Sahiwal crossbreds, Choudhary and
Barhat (1979) in Friesian x Hariana crosses, Raheja and Balaine
(1982) in Brown Swiss, Friesian, Jersey and Red Dane halfbreds
with Haryana and Kumar (19867} in Friesiah X Sahiwal crosses and

Kakran (1987) in Karan Fries cattle.

In this breed, the regression of OMY and PMY under each
sanpling scheme on age at first calving was found to be highly
significant (P < 0.01). Basu and Gupta (1976) in Indian cattle,
Gupta ot al (1978) in HBolstein Friesian x Sahiwal crosses, Kumar
(1987) in Friegian x Sahiwal crosses.and Dass (1991) in Murrah
buffaloces also reported Significant effect of age at first

calving on observed lactation milk yield.

From the above presentation, it is seen that estimates of
average predicted lactation yvield along with standard error were
slightly higher as compared to average of OMY. Although there was
a slightly increasing trend in PMY's and their standard error
with increase in testing interval in Karan Swiss and Karan Fries

cattle, the least squares analysis of variance in both breeds
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revealed that period of calving and genetic groups had
statistically significant (P < 0.01) effect on oBserved (OMY) and
'predicted {PMY) lactation milk yields under various sampling
schemes as well as interval of recording. The effect of season
of calving was found to be significant (P < 0.01) on OMY and PMY
under each sampling scheme in Karan Swiss breed. The effect of
season of calving was not significant on OMY and PMY under
fortnightly systematic and stratified random sampling schemes,
but was significént (P ¢ 0.05) on PMY under monthly and bimonthly
recording in Karan Fries breed. The regression of OMY and PMY
under each sanpling scheme on age at first - calving was not
significant in Karan Swiss cattle, but was found to be highly
gignificant (P < 0.01) in Karaanfies cattle. The sampling
schemes did not generally alter the effects of various factors,
~viz., season and period of calving, genetic group and age at

first calving on OMY and PMY's in both breeds.

4.3 INFLUENCE OF SEASON AND PERIOD OF CALVING, GENETIC GROUP AND
AGE AT FIRST CALVING ON OBSERVED FORTNIGHTLY, MONTHLY AND
BIMONTHLY PART MILK YTELD

least squares analysis to assess the effect of season and
period of calving, genetic group and age at first calving was
also carried out for fortnightly, monthly and bimonthly part milk
yield in Karan Swiss and Karan Fries cattle. The analysis of

variance is given in' Tables 12 to 19.
4.3.1 FORTNIGHTLY PART LACTATION MILK YIELD

The analysis of variance for fortnightly milk yield in Karan
Swiss cattle (Table 12) indicated that the effect of season and
period of calving was highly significant on all 20 fortnightly
part milk yields. The genetic group effects were also highly
significant for all 20 fortnightly part vields, whereas
regression on age at first calving was not significant in all

. fortnightly vields. _ -



Table 12, Least square amalysis of variance for effests of season and-périod of calving, genetic group and age at first calving on

fortnightly part milk yield of Raran Sviss cattle

NEAN SDM OF SQUARES [ng}

Source D.F. 1at Ind Ird 4th 5th fth th 8th §th 10tk
Seasont! i 10088.1  25967.%  41569.2  41320.8  38518.4  A0164.2 38406.3 42952.8 449533 48094.4
Perjod*t 1 17850.3 333437 42496.1  43667.8  41300,2  36993.0 342698  20042.3  26243.3  23894.7
Genetic groupt 1 44050,7  A4446.]  43697.3  49292.2  40969.9  36201.4  14552.5 26898.6  27429.7  25%84.9
Regression on 1 111.1 203.4 2003.1 3118.4 4976.6 77,9 3762, 1.0 027 14,7
APC {days] ~
Error 1628 1624.5 14560.§ 1300.5 1167.1 1098.5 1062, 1017.0 959.5 §85.2 50,7
{102m {1024)
MEAW SOM OF SQDARES !kgzl
Source D.¥7, [1th L2th [3th L4th 15th 16tk 17th 18th 19th th
Seagon** 4 $4422.6  3MMBL.0 34BTS.Y M54 27040.8 290457 3233L9 3365 19995 240410
Period** 1 256331 22636.6  17440.9 177217 16332.2 145947 1370L.4  11438.3 9003.2 §152,0
fenetic grovpt* 3 2267%.6  21661.3  20445.0 178313 17278.1  18077.0 18072.0 15797.0  14043.1  11485.2
Regresajon on 1 L m. 8.3 195.4 154,6 4.2 1,1 32,4 125.4 153.3
APC [days] :
Brror 789.8 813.4 163.1 769.5 “HLY 15%.5 8.3 nne 140,56 1.6
{1012} {995} (916} {957) (940 {9271 (306 (856) {761 {656)
** Significant (P ¢ 0.01)

<OT



Table 13, Deast square analysis of variance for gffécts of season and periad of calving, genetic group and 2ge at first calving on

fortnightly part wilk yield of Karan Pries caltle

~ MEAN SIH OF SQUARES tkgzi

4th Sth bth Tth

Source 0.7 1st 2nd Ird Sth 9th 10th
Sgagopt? 4 M531.8  990S5.5  61801.9  66376.6 632881 53524.5  46857.5  44391.8  3B623.9  37437.1
Period®* b 11821.4 18934%.38 24997.1 18685.7 21925.1 25983.0  23%60.5  215%4.0 22511.5 21196.0
Genetic group't 4 12893.7  IStd0.4 12269 - BSOA.8 26971,0 301834 28291.3  24844.2 gl#!#.ﬂ 27183.0
Begression on 1 46616.0 61387.2 52168.8 51400.3 493224 49733.5  48614,3 37870.1 253,27 225903
APC (days] ' '
Brror 819 17118.2 1681.6  16055,0 1559, 1 1531.9 1589.5 - 1527.0  1457.9 1308.1 12933
(819} {814} {813}
NEAN SD¥ OF SQUARES [kgI}
Source D.F. 11th 1ith 11th T4th 15th 16th . 17th 18th 19th 20th
Seasontt 4 12645.3 20984.4 . 30269,0  34720,4  37471.5  397¢1.) 48934,  S2MA.3 43376 31
Period** b 22094,7  19898.2  17341,7  14457.9  110456.4 9438.6 7T415.1 51182 5883.2 6106.3
Genetic grouptt 4 25134.5 15339,8 12665.4 20957.4 211317 19735.7  17155.0  16385.1 15074.9 14241.4
Reqreggion on | 2181.8  21042,7  AUTNLS O 174969 13219.9 78621 84145  9833.9 128020 T142.7
ARC {days) . ‘
Eeror 1229.1 1208.3 1146.4 1086.0 1032.6 1851.4  1044,7  1067.9 0472 1079.9
1806} {798) (787) (i) - {762} {155) {704) (601} {534}

't Significant (P ¢ 0.01)

90T
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The analysis of variance for fortnightly part vyields in
Karan Fries cattle (Table 13} revealed that the effects of season
- and period of calving and genetic grdup-were highly =significant
on all 20 fortnightly part yvields. The regression on age at
first calving was also found to be statistically significant (P <

0.01) in all 20 fortnightly vields.

From the above presentation, it is seen that the effects of
season and period of calving and genetic group were found ta be
highly significant on all 20 fortnightly part vyields in both
breads whereas regression on age at first calving was found to be
statistically highly significant in all fortnightly part yields
in Karan Frieg breed only.  Singh et al. (1979) found in Haryana
breed that period of calving had a significant effect on -weekiy '
milk yield in all weeks of production. The month of calving had
a significant effect in all.ﬁeeks'except 7-8 and 10-11, 13-15. and
42-44. Rao énd Sharma (1985) reported that the effects of period
and season of calving varied with stage of lactation in Muarrah
buffalces. The weekly milk yield was significantly affected by
period of calving in week 11-21, 30-32, 34 and 36 of lactation
and by season of calving in week 24, 32, 37, 38, 40 and 42.
Biswas et al. (1886) reported that season and pefiod of wcalving

had significant effect on all weekly yields in Sahiwal cattle.
4.3.2 MONTHLY PART LACTATION MILK YIELD

It is seen from Table 14 that the season and period of
calving and genetic group had highly significant effect (P <
0.01) on all 10 month part lactation milk yields, but regression
on age at first calving was not significant in all monthly part

milk yields in Karan Swiss cattle.

The analysis of variance of monthly part lactation yield of
Karan Fries breed (Table 15) indicated that the seascon and period
of calving, genetic group and regression on age at first calving
had statistically highly significant (P < 0.01) effect on part
milk yield.



Table 14,

Least square analyais of variance for effects of season and period of calving, genetic group and age at First calving on

nonthly part milk yield of Xaran Swiss cattle

HEAR SUM OF SQUARES (kggi

Source D.F. Ist 2nd Ird 4th 3th BLth - Tth 8th 9th 10th
i

Seagont? 4 §3139,1  164804.6 155153, 160257.5 185827.8 151991.6 119160.2 108479.1 129818.2  98731.6
Periodt? 7 9%198.4 172029.1 160467.7 124145.0 103946.2. 96048.5 70955.6  62372.t  G093L.7 162561
Genetic groupt* 3 176964.80 187648.7 154051.4 12182013 106719.2 653440 72430.9  70318.0  66725.0  44631,2
Regreasion on 1 154.2  10125.2  18485.7  13103.4 44500 915.9 14,5 110.9 619.9 150.8
AFC {days} :

Brror 1028 5815.2 4762.7 4188.9 3795.3 3324.5 10480 2890.6  2862.9 2583.0 26024

’ (1024) {995} 1337} {927) {856}

(658}

*t Significant [P ¢ 0.01}

20T



Table 13. Least square apalysizs of variance for- effects of season and perlod of calving, gemetic qroup and age at first calving oa
ronthly part milk yield of Raran Pries cattle

HEBS SOH OF SQUARES tkg’)

Source DB Ist Ind Id #th Btk 6th  7th Bth Jth 10th

Seson** E NN 300 29E2L 1TIBARY LABTILLLISTES.G 1243155 14B322.9 1999308 138139.
eriod** ] 58251.5  107152.9 1074679 90039.5  GISTO.1 032748 GIS9T.7 3B2IL2 2MAMD.D 263400
Genetic groug** 4 626414 95025.0 1139225 106058.3 103083.2 1008833 77723 BIGLA 675413 57S60.7

Regression on 1 214962.2  207476.2  198081.1 172374.8 106652.1 951248 96745.4  40273.8  35281.0  39551.5
APC (daya)t?

Brror 419 6370.3 6248.4 6051.8 3787.6 S024.0 4665,8  4302.4  3977.9 198%.6 4000.3
: 1813} {198) 1181} {162 (104} - {534}

4 Significant (P ¢ 0.01)

60T
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It is thus seen from Table 14 and 15 that the season and
period of calving and genetic group had significant effect (P <
0.01) on all 10 monthly part .yields in both breeds whereas the
regression on age at first calving was non-significant in Karan
Swiss and highly significant in Karan Fries breed. Gokhale
(1974) reported that effect of period of calving was highiy
significant in Murrah buffalces in all monthly part yields. fhe
season effect was significant in case of third and fourth month
of yields and 270 days yields. The regression on age at first
calving was found to be significant in case of first and second
monthly yields. Srivastava et al. (1984) reported that the
season of calving significantly affected milk vyields during
months 6, 7 and 10 (P < 0.01) and during months 4, 5 and 9 (P <
0.05) in Sahiwal cattle. Godara and Yadav (1992) also reported
that the effect of season of calving was significant on all 10
monthly part yie]ds of first lactation except monthly'part_‘yield
during first, second and seventh month in Murrah buffaloes. The
effects of period of calving were significant on all the monthly
part vyields of first lactation, except on monthly milk yield of

sixth month.
4.3.3 BIMONTHLY PART LACTATION MILK YIELD

The least sguares analysis of variance on bimonthly part
yields for Karan Swiss breed has been presented in Table 16. It
is seen that the effects of season and period of .calving  and
genetic group were highly significant on all five bimonthly part
milk yields. The régression of these traits on age at first

calving was non-significant.

In case of Karan Fries, it is seen from Table 17 that the
season and period of calving and genetic group had influenced all
five bimonthly part yields significantly (P < 0.01). The
regression on age at first calving was found to be highly
significant (P < 0.01) for all bimothly part yields in Karan

Fries cattle.



Table 16. Least square analysis of variance for effects of season and period of calving, gemetic group and age at first calving on binoathly
part milk yield for Taran Swiss cattle '

~ HEAN SDH OF SQUARES lkgz]

Source D.P. ’ 1st Ind Ird ' 4th 5th
Seagon?? 4 40_2563.5 Gi]ﬂﬁﬂ?.S 5982179.1 406224.0 400587,10
Period** 7 529194.9 564340.2 405909, 2 269812.5 165387.6
Genetic group** 1 T122151.9 549278.0 150905,8 291076-.3 187803,7
Regression on ARC 1 7758.9 62680.3 15200.18 7939 2111
{days)
Frror 1028 - 1966%.3 15068.2 11680.13 10532.% 8997.2
{1028} {1028) {395} [927] {858

it Significant [P ¢ 0.01)

IT1



Table 17, Least aquare amalysis of variance for effects of seagon and period of calking,'genetic group and age at First calving on bimonth}y
part milk yield for Baran Pries cattie

WEAR SO OF SQUARES {kgzi

Source D.F, lat 2nd , ird 4th Sth
i
Seasontt 4 6810321 765641.0 461262,2 4917348 552347.3
Period*? 6 . j224M.8 393239.0 1331179 195376.2 112582.1
Genetic groug** i 310902.7 4393033 3972305 313626.3 1403732
Regression on AFC** 1 ﬁ15289.4 T48152.3 191639.1 234521.2 157399,3
{days) ’ ' '
Brror 819 13297, 22115.5 1§251,9 15470.8 14168.8

(819) : {619} (7981 {7621 1534}

t+ significant (P ¢ 0.01)

[N
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It is thus seen from Table 16 and 17 that the seascon and
period of calving and genetic group were found to have
significant (P < 0.01) effect on all five bimonthly part yields
in both breeds whereas the regression on age at first calving was
found to be non-significant in Karan Swiss and highly significant

in Karan PFries breed.

Murthy et al. (1585) found the significant-variation due to
period on all the components of lactation vield except in the
peak vyield and second 60 days yield. Similarly, significant
seasonal effects were observed on all the components of lactation

yield except the second 60 days yield in Surti buffaloces.

4.4 EFFECT OF SEASON AND PERIOD OF CALVING, GENETIC GROUP _AND
AGE AT FIRST CALVING ON CUMOULATIVE PART MILK YIELD '

The analysis of variance of Karan Swiss breed (Table 18)
indicated that the season, period of calving and genetic group
effects were statistically significant (P < 0.01) .for all
cumulative part yields. The regression on age at first calving

was found to be not significant for all traits.

For Karan Fries cattle, the analysis of wvariance of
cumulative part yields (Table 19) indicates that the season and
period of calving, genetic group and regression on age at first
calving effects were found to be significant (P < 0.01) for all

cumulative part yields.

It is thus seen from Tables 18 and 19 that the season and
period of calving and genetic group had significant effect on all
cumulative part yields in both breeds. The regression on age at
first calving was non-significant in Karan Swiss and significant

(P < 0.,01) in Karan Fries breed of all cumulative part yields.

The significant effect of season of calving on lactation
milk yield was also reported by Basu and Gupta (1974) in Indian
dairy cattle, Reddy and Mishra (1982) in Murrah buffaloes,



Table 18, Teast aquare analysis of variance for effect of season and period of calmg, genetic group and age at firet calving on menthly

cumulative part yield of Raran $viss cattle

KEAK SUM OF SQUARES {kg')

2

Source D.P.  First First First First First - Pirst Pirst Pirst  Pirst
30 days 60 days 90 days 120 days 150 days 190 days 20 days 240 days 10 days
i

Season** 4 63139.1  402563.5  972260.1  1683608.9 24880608  2037688.5  J014405.8  2€39088.3 19727755
Period*? 1 99198.4  529194.8 1259853.4  2150932.8  3102719.3  4220032.5 5386357.5 604846.5  7614398.10
Genetic granp** 3 176964.8  7221517.9 1538783.1  2525180.8  3616102,8  4457423.5  5087506.0 6478919.5  71241042.5
Regression on 1 154.1 7156.9  502225.9 1143n.7 152836.3  203950.5 214707.5 i78122.5 649970.9
ARC {days)

Error 1028 5815.2 -19869.3 39035.0.. 62668.10 88650.4. 114314,13 141564.3 168861.9 190558.6

{1828} {1028) {1028} 11028} {1024} 1995} 1957 {927} {856)

1t significant [P ¢ 0.01)

PTT



Table 19. [east square analyeia of variance for effect of season and period of calving, genetic group and age at first calving on monthly

cumulative part yield of Raran Pries cattle

NEAN SOM OF 5QUARES fkgal

First First

Source b.F.  First Pirst First First First Pirat First
30 days 80 days 90 days 120 days 150 days 180 days 210 days j[240 days M0 days

Seagont* 4 1333748 6810321 1549787.3  2081272.8  2909283.0  2975360.3  2261168.0 1805242.9 919818.8
Period** b 58257.5 C32073.3 BODSGZ  14ZINTEL0 2268273.0 20962480  3716611.3 4221856,0  4500547.5
Genetic graup*t 4 26414 310902.7  T99473.9  1484897.6 2706080 TIN5 A4S1330.0 5512720.0  6516076.4
Regression on 1 114962, BAS28S.4  181787.9  3167193.5  4389829.0  G5¥M8IILI  75I6ALL.D 9038398.0  9397743,0
APC {days)*? .

Error 419 6370.1 232913 434771 §731.9 122618.8  165935.9 211672.5 251448,6 269908.6

{819 (819} (818} {819} (811 {144} 1162} 17t

{181}

' gignificant {p ¢ 0,01}

STT
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Bhadauria et al. (1986) in Jersey cows and Sushil Kumar (1990} in
Sahiwal cattle. Period of calving having significant effect on
cumulative yields was also reported by Nagpal and Acharya (1971)
in Sahiwal cattle, Taneja and Bhat (1974) in Sahiwal x Holstein
Friesian crossbreds, Jain and Dhillon (1975) in Sahiwal purebread
and Holstein Friesian x Sahiwal crossbreds, Bhat et al. (1978) in
crossbreds, Parekh and Sandhu (1978) in Tharparkar x Holstein
Friesian c¢rossbreds, Ipe (1979) in crossbreds; Dangi (1979} in
dairy cattle; Deshpande and Bonde {(1982) in Helstein Friesian x
Sahiwal cattle, Reddy.Tl983) in Sahiwal, Reddy and Basu {1985} in
crosshred, Bhadauria et al. (1986) in Jersey; Kumar (1987) in
crossbreds and Sushil Kumar (199%0) in Sahiwal cattle. The age
effect was significanht on cumulative monthly yields upto seven
months in buffaloes as reported by Gokhle (1974). Sushil Kumar
(1990) also found the regression of cumulative 30 days, 60 days,
180 days, 210 days, 240 days, 270 days and 300 days milk yield on
'age at first calving to Bé statistically significant. Raheja ang
Balaine (1%77) in Haryana and crossbred cattle and Singh and
Yadav (1987) in buffaloes reported that age at first calving had

no significant effect on cumulative milk yield.

4.5 PREDICTION OF FIRST LACfATION MILK YTELD ON THE BASIS OF
FORTNIGHTLY, MONTHLY AND BIMONTHLY TEST RECORDS UNDER
SYSTEMATIC AND STRATIFIED RANDOM SAMPLING SCHEMES AND PART
YIELDS BY RATIO METHOD -

4.5.1 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF
FORTNIGHTLY SYSTEMATIC SAMPLED iEST RECORD

The nmnultiplicative ratio factors were developed for each
fortnight separately. Then lactation milk yield was predicted on
the basis of each fortnight’'s milk: yield multiplied by the
corresponding factor. The multiplicative ratio factors developed
for prediction of lactation yield alongwith the accuracy of
prediction are given in Table 20 for Karan Swiss and Karan Fries

breeds.



Table 20, Ratio factors and their accuracies for prediction of firat lactation milk yield {OMY) under fortnightly systematic test record

jields -
Duration of sampled ' KARAK SWISS BREED : TARAN FRTES BREED
part lactation = emesmemeeeees mmmemmescee—mnnnana- mmmeemmmmsas e drmeeeameeseessssesesss s tesseescas
Runber of Bultiplicative  Accuracy Nuaber of Rultiplicative  Accuracy
observations: ratio factor (%] observations ratio facter (%}

PORTHIGHTLY INTERVAL
518 674 1.2 4.12 550 11,745 32,19
Ind 674 16.12 58,08 11 : 16.58- 50.09
3rd §74 16.48 §3.22 550 16.68 55,87
4th 674 16,97 £7.45 550 17,09 63,09
Sth §74 17.65 §7.80 ' 550 17,77 §1.04
fth 5§74 18.27 §9.01 550 18.22 §7.95
Tth 674 18,45 10.72 550 , 19.08 67.17
8th 674 19,55 64.83 550 19.49 §6.26
9th 674 20,13 10,46 50 - 20,03 57,84
10th 514 0.1 70,78 550 20,51 66.74
11th b74 21,31 68.37 : " 550 n.13 67.04
12th 674 21,74 63.91 550 1.1 67.1¢
13th 674 11.88 62.54 © 550 21.60 © 65,15
14th £ 12,46 60,36 550 .97 64.79
15th 14 12,81 56,09 550 .25 54.43
16th 674 _ 12,87 £7.90 550 12,43 £9.31
17th 674 12,89 16.42 - 550 1.4 R YY)
13th N 22,96 39.%6 350 22.09 0.9
19th C M 1.7 33.32 558 12,80 39,52

20th 674 .13 .84 L .9 35.85

LTT
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The multiplicative ratio factors developed on the basis of
fortnightly systematic sampled test record for Karan Swiss cattle
(Table 20) indicated that the minimum estimate (16.12) of ratio
factor was observed at second fortnight and maximum estimate
(22.96) at 18th fortnight. The magnitude of multiplicative
factors decreased from first to second fortnight and subsequently
increased with the advance in lactation. The accuracy :of
prediction o¢f lactation vyield on the .basis of fortnightly
systematic sampled test records in Karan Swiss breed (Table 20}
indicated that the m¥ximum accuracy (70.78%) for prediction of
lacrtation milk yield was observed at mid lactation {around 10th
fortnight) and minimum (28.84%) at last sample test record (20th
fortnight). S

In case of Karan Fries breed, the multiplicative ratio
factors - (Table 20} indicated that the minimum estimate (16.58)
of ratio factor was found at second fortnight and maximum
estimate (22.97) at . 20th fortnight. The magnitude of
multiplicative ratio factor decreased from first fortnight to
second fortnight and subsequently increased with advance in
lactation. The accuracy of prediction of lactation yield for the
Karan Fries breed on the basis of fortnightly systematic sampled

test records was minimum (32.19%) at initial point (first
fortnight)- and maximum (67.84%) during mid lactation (9th and
" 11th fortnight) (Table 20). The estimate of accuracy showed

negligible variation (67.95 to 67.10%) from 6th fortnight to 12th
fortnight c¢f lactation. '

It is thus seen from Table 20 that for the Karan Swiss and
Karan .Fries breeds a single test record could be taken during a
fortnight around mid-lactation to predict lactation yield with
fairly high accuracy.

4.5.2 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF
FORTNIGHTLY STRATIFIED RANDOM SAMPLED TEST RECORD BY
RATIO METHOD

The multiplicative ratio factors developed on the basis of
fortnightly stratified random sampled test records for Karan
Swiss cattle (Table 21) indicated that the mninimum estimate
(16.10) of ratio factor was observed at second fortnight and
maximum estimate {23.03) at 18th fortnight. The magnitude of
multiplicative factors decreased from first fortnight to second



fable 21, Ratio factors and their accoracies for prediction of first lactation milk yield (OMY) under fortnight)y stratified random test
record yields .

Duration of sampled EARRN SWISS BREED FARAK FRIES BREED
part lactation it el N EGeE L L TR e PP LT PR
umber of Hultiplicative  Accuracy Rupber of Meltiplicative Aceuracy
ebzervaticns  ratio fackor 1%} sbservations ratio faetor i%)

PORTNIGHTLY INTERVAL : i
1st 61 1.1 43,18 550 : 11.70 1B
Ind : 1L 16,10 59.34 550 15,71 47,81
Jed 674 16,5 63.42 . 550 16,51 57,11
4th 674 16.96 69.70 550 17.11 60.91
Sth 6 17.58 69.67 550 18 - 36,02
BLh 674 18.12 68.52 - 530 18.23 67.74
th 674 - 18.84 69.14 558 18.91 8.7
Bth 674 19.59 67.3% 330 1%.38 67.51
9th 6 20,18 70.13 550 19.99 65,12
10th 614 .75 69,46 ' 550 20,67 67.M
1ith 674 n.2 66.04 550 A,12 - 7.2
12th 674 .70 64.08 350 21,46 67,92
13th 674 .99 62.56 550 iU 63.89
14th 674 12.19. 57,93 550 21.98 62.49
15th 674 22, 56,45 550 nn 59.53
16th 674 22.82 9.4 350 22.44 48.19
17th 51 22,85 .71 ' 550 22.41 49.56
18th il 1.0 40.68 §50 22,57 41.78
19th 614 . 2.8 W R 550 nn 38.18

2th L 12.8% . 120 , M .15 34,55

6TT
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fortnight and subsequently increased with advance in lactation.
It is found that the accuracy of prediction of lactation vield by
ratio factors was highest (70.13%) during 9th fortnight (Table
21}, folliowed by the accuracy during 8th and 16th fortnight. The
minimule {29.20%) accuracy was found for last fthree fortnights and
firet fortnight. .

The multiplicative ratio factors for Karan Fries breed
(Table 21) indicated that the minimuam estimate (16.57) of ratio
factor was at third fortnight and maximum (22.78) at 15th
fortnighﬁ. The magnitude of multiplicative ratio factors
decreased from first fortnight to third fortnight and
subsequently increased with advance in lactation. The accuracy
of prédiction of lactation vield on the basis of .fcrtnightly
stratified random sampled test records (Table 21} was minimum
(33.34 to 34.55%) AQuring initial and last phase of lactatiocn and
maximum (67.29%) during mid lactation (10th fortnight). The
estimates of accuracy showed negligible. variation (67.74 to
67.92%) from 6th to 12th fortnight of lactation.

It is thus seen from Table 21 on the basis of stratified
random sampling method that for Karan Swiss and KXaran Fries
breeds a single test record could be taken during a fortnight
around mid lactation to prediét lactation vield with fairly high

accuracy.

4.5.3 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF
FORTNIGHTLY PART LACTATION MILK YIELD BY RATIO METHOD

The multiplicative ratic factors developed for prediction of
lactation yield along with the accuracy of prediction are given

in Table 22 for Karan Swiss and Karan Fries breeds.

It is seen from Table 22 that the minimum estimate (16.27)
of ratio factor wag observed at gecond fortnight and maximum
estimate {76.22) at 20th fortnight in Karan Swiss breed. The



table 22, Ratio factors and their accuracies for prediction of first lactation milk yield (0MY) under fortnightly part yields

Duration of sampled FABAN SWISS BREED : EARAR FRIBS BREED
part lactation e seetmn s manees et a oo G L L P EEEEEERLL DL TL L LR PR SR
Runber of Multiplicative  Aecuracy Rumber of Hultiplicative Accuracy
obgervations  ratio factor %) _ observations ratio factor (%)

PORTHIGHTLY IRTERVAL
lst 674 17,34 2.4 550 L1 26,78
2nd 614 16,27 8.0 $30 16.64 18.68
Ird 674 16,62 4.9 550 16,30 17,50
4th i 17.13 46.56 350 17.17 49.60
Sth b14 1.1 - 19,05 , 950 17.81 30,52
fLh 6 18.41 .12 , 550 - 18,42 54.06
th 6 19.00 50.74 550 ' 19.16 55.65
Bth 674 19.78. 7.84 : 550 1.9 36.39
9th 74 20,35 8.1 : 548 20,45 39,95
14th 613 1.0 41.67 : 548 21.18 60.80
{1th §71 nn 45,25 544 21.i1 62,50
12th 668 2.1 §2.41 . 538 12,56 61.23
13th b62 .61 15.81 .5 B £0.20
14th 656 3.4 . 13.02 529 23.€5 52.8%
15th 654 3.6} .12 ‘ 524 24.16 50,51
16th R ! PAPRL 25.05 o518 24.67 44,30
17th 645 3.9 .11 1§ .Y 16.4¢
18th . 637 A4 15.714 - 485 15,68 T2
19th 50¢ 35.11 10.72 A 30,19 18,20
20th -1 K .22 LU 382 11.08 10,25

Izt
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magnitude of muzltiplicative ratio factors decreased from first
fortnight to second fortnight and subsequently increased with
advance in lactation. The accuracylof 50.74 per cent for
prediction of lactation yield on the basis of seventh fortnight
was highest followed by accuracies of 49.32 per cent for sixth
fortnight, 49.05 per cent for fifth fortnight, 48.71 per cent for
ninth fortnight and 47.84 per cent for eighth fortnight. The
accuracy ©of predictiomn.on the basis of initial (1st fortnight}
and terminating phase (20th fortnight) of lactation was found to
be minimum (7.21 to 27.47%).

It is seen from Table 22 that the minimum estimate (16.64)
of ratio factor was observed at second fortnight and maximum
estimate (33.08) at 20th fortnight in Karan Fries breed. The
magnitude of nmultiplicative ratio factors decreased from first
fortnight to second fortnight, and subsequently increased with
advance in laétation. The accuracy of 62.50 per cent for
prediction of lactation yield on the basis of eleventh fortnight
was highest followed by accuracies of 61.23 per cent for 1lth
fortnight, 60.80 per cent for 10th fortnight, 59.95 per cent for
9th fortnight arnd 56.3§,per cent for 8th fortnight. The accuracy
of prediction on the basis of initial (lst fortnight) and
terminating . phase (20th fortnight) of lactation was found teo be
minimam (26.78 to 30.25%).

It is thus seen from Table 22 for the Karan Swiss and Karan
Fries breeds that a single test record could be takem during 5th
to 12th fortnight to predict lactation yield with fairly high

accuracy.

Prediction of lactation milk yield on the basis of
fortnightly systematic sampled test records reveals that maximum
(70.78%) accuracy of prediction was obtained during 10th
fortnight and minimum (28.89%) accuracy at 20th fortnight for
Karan Swiss breed. The prediction on the basis of same sampling
" scheme reveais that the maximum (67.84%) accuracy was obtained

during 9th to 11th fortnight and minimum (32.19%} during - first
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fortnight for Karan Fries breed. In the similar way when
lactation milk yield was predicted on the basis of fortnightly
stratified random sampled test record in Karan Swiss and Karan
Fries breeds, then the maximum (70.13%) accuracy for prediction
was obtained with test records during 9th fortnight and minimum
(29.20%} accuracy during lst and 20th fortnight for Karan Swiss
cattle whereas maximum {67.29%) accuracy for test records during
18th fortnight and minimum {(33.34%) accuracy during lst and 20th
fortnight was obtained for prediction on the basis of fortnightly
stratified random test records in Karan Fries breed. it seems
that the accuracies of prediction of lactation milk yield on the
basis of fortnightly systematic and stratified random sampled
test records were almost similar in both breeds. The prediction
of lactation vyield on the basis of fortnightly part yields
reveals that maximum (50.74%) accuracy was obtained for 7th
fortnightly and minimum (7.21%) for 20th fortnightly part vyield
for Karan Swiss and maximum accuracy (62.50%) for 11th fortnight
and minimom {26.78%} for 1st fortnight in Karan Fries breed.

vanVleck and Henderson (1%61la} reported that the best period
for drawing single test record for estimating complete lactation
' yield was 8th to 12th fortmight of lactation in Holstein cows.
Saigaonkar et al (1981) found that accuracy of predicting K52
weeks record on the basis of 6th and 8th fortnight was .76 per
cent in Sahiwal cattle. Nagarcenkar and Basavaiah (1981} found
that the prediction of lactation ﬁilk vield on the basis of 22
weeks {(11th fortnight) gave highest accuracy (68.89%).

The following conclusions may be drauwn from above

presentation:

& Prediction of lactation milk yield on the basis of
fortnightly systematic and stratified random sampled test records
and fortnightly part yields by ratio method reveals that a single
test record could be taken during the fortnight around mid

lactation to predict lactation yield with fairly higk acecuracy.
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{ii) The accuracy of prediction of lactatiﬁn milk yield on the
basis of fortnightly systematic and stratified random sampled
test records were ‘similar in both breeds; whereas accuracy based
on fortnightly pért vield was lower than above two milk recording

schemes.

4.5.4 PREDICTION OF LACTATION MILK YIELD OGN THE BASIS OF MONTHLY
SYSTEMATIC SAMPLED TEST RECORDE BY RATIO METHOD

The ratio factors for prediction of lactation milk yield
were developed for each month separately. Then lactation milk
yield was predicted by adding each month's yield multiplied by
the factor. The mwultiplicative ratio factors developed for
prediction of lactation yield with the corresponding accuracy are

given in Table 23 for Karan Swiss and Karan Fries breeds.

In case of Karan Swiss it is seen from Takle 19 that the
minimim estimate (8.31) of ratio factor was observed for first
‘month and maximum estimate {(11.49) for 9th month. The magnitude
of multiplicative factors increased from first month to ninth
month then dedreased for tenth month. The accuracy of 67.80% for
pfediction on the basis of fourth monthly systematic sampled . -st
record ratio factor was highest followed by accuracies of 67.99%
for sixth month, 67.75% for fifth month and 66.74% for third
month ratio factors. The accuracy of prediction on the basis of
initial and terminating monthly systematic sampléd test records
was found to be minimum as 50.61% and 32.63% respectively in

Karan Swiss cattle (Table 23).

The multiplicative ratio factors for Karan Fries breed
(Table 237 indicated that the minimum estimate (8.45) of ratio
factor was found for second month and maximum estimate (11.48)
for 10th month. The magnitude of multiplicative ratio factors
decreased from first month to second month and subsequently
increased with advance in lactation. The accuracies of
prediction on the basis of sixth, fifth and- fourth--monthly

systepatic sampled test records were found to be 66.68%, 65.98%



Table 23.  Ratio factors and their accuracy for prediction of lactation milk yield under monthly systematic test record yields

Duration of sampled RARAN SWISS BREED EARAR PRIES BREED
part Jactation  mmmmmmmereememreecemrmcmecccssessssecccseees seeeeoee s R L L L LR L D LR
Hunber of Multiplicative  Accuracy Nunber of Heltiplicative Accuracy
observations  ratio factor (%) ochservations ratio factor (%]
HORTHLY INTERVAL
lst 674 8.31 50,61 550 8.55 10.06
nd 674 B.34 63,30 550 §.45 59.41
ird 674 .94 66.74 580 9.00 64.25
dth §74 - 9.62 67.80 550 ¢.64 63.38
5th ' 674 10.21 §1.15 530 10.10 65.98
fth 674 10,74 §7.80 oo 550 10.€6 66.98
Tth 674 . 11.06 63.26 550 10.85 - 64.36
8th ' 674 1.1 §4.12 _ 330 11.20 5.0
3th 614 - 1L 45.86 - 550 1. 48.57

10th 074 i1.42 32.63 550 11.48 17.46

SZT
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and 65.38%, respectively (Table 23). When  initial and
terminating monthly sampled test records were considered to
predict lactation milk yield then the accuracies were found to be
40,06% and 37.46%, respectively. '

It is thus seen that for Karan Swiss and Karan Frieg breeds,
a single test vrecord could be taken on a month during mid
lactation (4th to 6th month} to predict - lactation yield with
fairly high accuracy.

4.5.5 PREDICTION OF LACTATION MILK YIELD ON THBE BASIS OF MONTHLY
STRATIFIED SAMPLED TEST RECORDS BY RATIQ METHOD

The multiplicative ratic factors developed on the basis of
monthly stratified random sampled test records for Karan - Swiss
cattle  (Table 24) indicated that the maximum estimate (8.29) of
_ratio factor was observed for first month and maximum estimate
(11.43) for 9th month. The magnitude of multiplicative factors
increased from first month te ninth month then decreased at tenth
month. The accuracy of 68.88 per cent for prediction on the
basis of sixth month sampled test record was found to be maximum
followed by the accuracies of third month {68.04%), fourth month
{67.19%) and fifth month (64.65%), respectively; whereas
prediction on the basis of initial ané terpinating monthly
sampled test records were found to be 43.05 and 37.64 per cent,

respectively.

The multiplicative-ratio factors and accuracy of prediction
for Karan Fries cattle (Table 24) revealed that the accuracy for
prediction based on fifth, third, sixth and fourth monthly
stratified random test records were 69,75, 66.07, 65.23 and 64.35
per cent, respectively. When initial (first month) and
terminating (tenth month) monthly sampled test records were taken
to predict lactation milk yield, then the accuracy of prediction
was 52,41 and 31.41 per cent, respectively. The minimum estimate
(8.33} of ratio factor was found for second month and maximum
estimate (11.47} for 10th month. The magnitude of multiplicative



Table 24, Ratio factors and their accuraey for prediction of lactation wilk yield under monthly stratified randow test record yields

Duralion of sampled FARAK SWISS BREED FARAR PRIES BREED
part lactabion =~ emeemmemmmmmmmmmmeecccmdecisscccsccceomoonis e e e maaaaane
Rumber of Kultiplicative  Accuracy Humber of Multiplicative Aecuracy
observations  ratio factor (%] observations ratio factor {%}
i
HONTHLY IRTRRVAL '
lst 674 LY 43,51 : 580 §.33 .4
ind 614 8.36 3.4 $30 .33 64,34
Ird 674 8.9 69.04 550 8.92 §6.97
§th 674 9,63 67.13 - 550 9.54 64.35
5th §74 10,28 64.65 550 10.17 §9.73
fth 74 10.68 63.68 550 1.57 65.23
th 874 11.18 63.58 550 10.97 §3.17
ith ‘ §74 1.3 - 52.81 550 1.2 50,95
9th 514 11,43 45.94 550 11.18 $3.66
10th 674 11.41 37,64 K 550 [4r .4

LZT
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ratio factors decreased from first month to éecond month and

subseqﬁently increased with advance in lactation.

It is thus seen that for Karan Swiss and Karan Fries breeds
~that a single test record could be drawn a month during mid
lactation (3rd to 6th month}) to predict lactation yield with

fairly high accuracy.

4.5.6 PREDICTION OF LACTATION MILK YIELD BASED ON MONTHLY PART
YIELDS BY RATIO METHOD

The multiplicative ratio factors developed for prediction of
lactation yield on the basis of monthly part yields along with
the accuracy of prediction are given in Table 25 for Karan Swiss

and Karan Fries breeds.

Table 25 indicates that the minimum estimate (8.32) of ratio
factor was observed for first month and maximum estimate (11.45)
for 9th month in Karan S8wiss cattle. The magnitude of
multiplicative factor increased from first month to ninth month
then decreased at tenth month. The accuracy of prediction on the
basis of fifth monthly part yvield was cbserved - to be maximum
(78.5%) followed'by'accuracieé for fourth month (78.04%), third
month (77.30%) and sixth month (74.86%); whereas accuracies for
prediction on the basis of first and tenth month were found to be

63.07 and 36.31 per cent, respectively.

It is further seen from Table 25 that the minimum estimate
{8.42) of ratio factor was observed for second month and maximun
estimate (11.47) for tenth month in Karan Fries breed. The
magnitude of multiplicative ratio factors decreased from first
month to second month and subsequently inecreased wifh advance 1n
lactation. The accuracies of prediction of lactation milk yield
based on mid phase lactation monthly part yields were found to be
77.49 per cent for sixth, 76.92 per cent for fifth, 74.57 per
cent for fourth and 73.35 per cent for seventh monthiy"part

vields, whereas accuracies for prediction based on initial {(first



table 25. Ratio factors and their accuracy for prediction of lactation silk yield under aonthly part yields

Duration of sampled FARAN SWISS BREEL TARAN PRIES BREED
part lactation ~  ememmmmemmmaceecemmmmeccceme e YT mmemmeemmesmemneemmeeecedsatsmecmee e
Rumber of Multiplicative  Accuracy Rusber of Multiplicative Accuracy
observations  ratie facter (%} obsarvat ions ratio factor {1)
HORTRLY IRTERVAL
Ist 61 - §.32 §3.07 550 Eng 51.82
nd 614 B.3% 74,50 . 550 8.42 §6.75
Jrd 674 B.94 1130 550 .97 1.1
{th 674 9,59 .04 ~5A 9,58 N.57
Sth 674 10,22 78,50 o0 5% 10.16 16.91
fth 674 0.4 - HL86 55 10.63 .49
th 674 .10 1.75 H 10,90 73,35
Bth 674 11.38 60.95 _ 850 - 11,19 §1.90
9th 674 11.45 §1.17 55¢ 11,32 81,0
10th . 674 11.41 6.1t 550 11.47 . dLn

6C1
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month) and terminating (10th month) were found to be 51.82 and

41.77 per cent, respectively.

It is thus seen for the Karan Swiss and Karan Fries breeds
that a single record could be taken during month around mid
lactation {4th to 6th month) to predict . lactation vyield with

fairly high accuracy..

The estimate of multiplicative ratio factors on the basis of
monfhly systematic test records ranged from 8.31 to 11.49 for
Karan Swiss and 8.45 to 11.48 for Karan Fries breeds. Similar
estimates of multiplicative factors based on monthly stratified
random sampled test records ranged £rom 8.29 to 11.43 for Karan
Swiss and 8.33 to.11.47 fer Karan Fries breed. In the same way,
the estimates  of ratio factors based on monthly part vyields
ranged from 8.32 to 11.45 for Karan Swiss and 8.42 to 11.47 for
Karan Fries breed. The prediction of lactation milk yield on the
basis of monthly systematic sampled test records reveals that the '
maximum (67.80%) accuracy for prediction was obtained during
fourth month and minimum (32.63%) for 10th month for Karan S8wiss
cattlie and maximum {66,68%) accuracy for predicticn was obtained
éuring ‘sizxth month and minimum {37.46%) during 10th month for
Karan Fries breed. On the other_hand, prediction of lactation
milk yield based on monthly stratified random sampled: test
records reveals that the maximum (68.88%) accuracy for.prediction
was obtained during sixth month and minimum (37.64%) during 10th
month for Karan Swiss breed and maximum (69.75%) acduracyl was
obtained during £fifth month and minimum (31.41%) during 10th
month for Karan Fries cattle. The maximum and minimum accuracies
for prediction on the basis of stratified random sampled test
records were slightly higher than systematic sampled test records
in both breeds. The prediction of lactation yield on the basis
of monthly part vield reveals that maximum (78.04%) accuracy for
prediction was obtained during fifth month and minimum (36.31%)
during 10th month for Karan Swiss and maximum (77.49%) during
sixth month and minimum (41.77%) during 10th month for Karan

fries breed.
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vanVleck and Henderson {1961c) reported that the best single
month for estimating lactation milk yvield by ratio method was
fourth, fifth and sixth month in Holstein Friesian cows. Jain
and Dhillon (1986) observed that all the sires selected on the
basis of fourth or fifth month milk yield were same as those
selected on the basis of first lactation m%lk yield in buffaloes.
Bhutta and Pandey (1989} found that by ratio method the milk
yield during the first month predicted 306 days lactation vyield
with almost same aceuracy as the milk yvields of later month

yields.

The following conclusicn may be drawn from the above

presentation:

1. Prediction of lactation milk yield on the basis of monthly
systematic sampled test records reveal that a single test record
could be taken during mid lactation (4th to 6th month) to predict
lactation vield with fairly high accuracy in both the breeds. On
the other hand, prediction of lactation yield on the basis of
monthly stratified random sampled test record and mwonthly part

vield reveals that a singie test record could be taken during
. third month to sixth month to predict lactation yield with high

accuracy.

2. The acturacy for prediction of lactation milk vield on the
basis of stratified random sampled test records was slightly
higher than systematic sampled test records, whereas accuracy
based on monthly part yields was higher than stratified random

and systematic sampled test records in both breeds.

4.5,7 PREDICTION OF LACTATION MILK YIELD ON TBE BASIS OF
) BIMONTHLY SYSTEMATIC SaAMPLED TEST RECORD BY RATIO METH(D

The ratio factors were developed for each bimonthly test
records and part yield separately. Then lactation milk yield was
predicted on the basis of each bimonth's multiplicative factor.

The multiplicative ratic factors developed for prediction of



Table 26, Ratio factors and their accuracy for prediction of lactation milk yield under biaonthly systematic test record yields

Duration of sampled KARAN SWISS BREED KARAR PRIES BREED
part lactation et sttt et
Kugber of Yultiplicative  Recuraey - Bumber of - Mujtiplicative  Accuraey

observations  ratio facter {%) . observations ratio factor {%)

BINORTALY THTERVAL

1st two months 674 §.16 60,09 550 4,28 51.56
2od two months 074 4,58 69.35 550 4,65 _ 64,22
Ird two months 074 , 5.22 67.77 550 5.21 64._42
ith two months 714 5.6) 57.81 - 350 5.50 51.24
§th two nonths Mmoo sn 3.2 550 L5 s

el
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lactation yield along with the accuracy are given in Table 26 for

Karan Swiss and Karan Fries breeds.

It 1is seen that the lowest estimate (4.16) of ratio factor
was observed during second bimonth and highest estimate (5.71)
‘during fifth bimonth for Karan Swiss breed. The magnitude of
multiplicative factors decreased from first bimonthly to second
bimonthly test record and increased subsequently with advance in
Jactation. The accuracy for prediction based on second bimonthly
test record was observed to be maximum {(69.35%) followed by
accuracies for third bimonth (67.77%}, first bimonth (60.09%},
fourth bimonth (67.77%) and fifth bimonth (37.28%).

The Table 26 indicates that the lowest estimate (4.28) of
ratio factor was observed during first bimonth and the highest
estimate (5.71) during fifth bimonth for Karan Fries breed.  The
magnitude of multiplicative ratio factors increased from first
bimonth to fifth bimonth. The accuracy of prediction based on
third bimonthly systematic test record was observed to be maximun
(64.42%) followed by the accuracies for second bimonth (64.22%),
fourth bimonth (57.24%), first bimonth (51.56%) and fifth bimonth
(40.96%) . ‘

It is thus seen from Table 26 for Karan Swiss and Karan
Fries ©breeds that a single test record could be taken during a
bimonth during 2nd to 3rd bimonth to predict lactation yield with

fairly high accuracy.

4.5.8 PREDICTION OF LACTATION MILK YIELD BASED ON BIMONTHLY
STRATIFIED RANDOM SAMPLED TEST RECORD BY RATIO METHOD

The results of accuracy for prediction of lactation milk
vield and their ratio factors have been shown in Table 27 for
Karan Swiss and Karan Fries breeds. The lowest estimate (4.17)
of ratio factor was observed during first bimonth and highest
estimate (5.77) during £ifth bimonth for Karan Swiss cattle. The

magnitude of multiplicative ratio factors increased from first



table 21, Ratio factors and their aceuracy for prediction of lactation milk field under bimonthly stratified random test record yields

Duration of sampled
part lactation

EARAN SWISS BREED

FARAN FRIBS BREED

--------------------------------------------------

Wumber of . Multiplicative  Accuracy Nomber of Multiplicative Aceuracy

observations  ratio factor %) obgervations ratio factor {%)
BINOHTHALY INTBRVAL
lat two nenths &N .17 60.43 550 LU 43.03
2nd Lwo months 674 4,84 64.14 550 4,64 65. 97
drd two months 674 5.71 53..96 550 5.17 68.02
ith two months 74 5,66 51.16 530 §.55 56.94
5th two months 674 5.1 34.80 330 5.70 40.41

veET
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bimonth to fifth Ybimonth. The maximum (64.14%3 accuracy of
prediction was observed on the basis of second bimonth sampled
test record followed by the accuracies for third bimonth
(63.98%),_ first bimonth (60.43%), fourth bimonth (57.16%) and
fifth bimonth (34.80%) (Table 27).

_ In case of Karan Fries breed, it is seen that the lowest
estimate (4.24) of ratio factors was observed during first
bimonth and the highest estimate (5.70) during fifth bimonth for
Karan Fries. The ﬁ;gnitude of multiplicative ratioc factors

increased from first bimonth teo fifth bimonth. The accuracy
(68.02%) bhased on third bimonth was found to be highest ~followed
by the accuracies for second bimonth (65.57%), fourth bimonth

(58.94%), first bimonth (48.03%) and fifth bimonth (40.41%).

Tt is thus seen from Table 2? for Karan Swiss and Karan
Fries that a single record could be taken during a bimonth around
mid lactation (2nd and 3rd bimonth} to predict lactation yield
with fairly high accuracy.

4.5.% PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF
BIMONTHLY PART YIELD BY RATIO METHOD

The multiplicative ratio factors develcped for prediction of
lactation yield along with the corresponding accuracy are given

in Table 28 for Karan Swiss and Karan Fries breeds.

It is seen from Table 28 that the minimum estimate (4.17) of
ratio factor was observed during first bimonth and maximum
estimate (5.72) during fifth bimonth for Karan Swiss cattle. The
magnitude of multiplicative factors increased from f;rst bimonth
to fifth bimonth. The prediction on the basis of ratio factors
of second, third, first, fourth and fifth bimonthly part yields
determined 80.77, BO.57, 73.38, 71.58 and 46.13 per cent accuracy

in descending order, respectively.



Table 28, Hatio Factors and their azccuracy for prediction of lactation milk yield ueder bimonthly part yields

Duration of gsampled FARAN SWISS BREED EARMH PRIES BREED

part Jactation ~  -mesmmmmmmmmemeesemmemeeccooeccesmeseeien e e e e
Fuober of Moltiplicative  Accyracy Rumber of Multiplicative  Accyracy
observations  ratio factor {R°,%) observations ratio factor {R",%)

BINONTALY IRTERVAL

st two aonths 674 L1 7.3 . 550 8,28 §4.39
Ind to norths 674 063 80.77 550 .63 76.35
3td two months - 6N 524 80.57 0 5,19 81,16
ith two sonths 614 5.6 71,58 B 5.52 RY
Sth teo nonths | 614 5,72 .13 | 550 . 5.0 RS

9t 1
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The Table 28 indicates that the lowest estimate (4.25) of
ratio factor was observed during first bimonth and the highest
estimate (5.70) during fifth bimonth for Karén Fries breed. The
magnitude of multiplicative factors increased from first bimonth
to fifth bimonth. The accuracy for prediction of lactation milk
yield on third bimonthly part yield was found to be maximum
{81.16%) followed by second bimonth (76.35%), fourth bimonth
(71.24%), first bimonth (64.39%) and fifth bimonth (49.33%). ‘

"It is thus seen-that a single record could be taken during a
bimonth around mid lactation {(2nd to 3rd bimonth) to predict

lactation yield with fairly high accuracy in both breeds.

The estimate of multiplicative ratic factors on the basis of
bimonthly systematiclteSt'records ranged from 4.16 to .5.7! for
Karan Swiss -and 4.28 to 5.71 for Karan Fries breed. Similar
estimates of multiplicative factors based on bimonthly stratified
random test records ranged from 4.17 to 5.77 for Karan Swiss and
4.24 to 5.70 for Karan Fries breed. In the same way, thé
estimates of ratic factors based on bimonthly part yields ranged
from 4.17 to 5.72 for Karan Swiss and 4.25 to 5.70 for Karan
Fries breed. The prediction of lactation milk yield on the basis
“of bimonthly systematic sampled test records reveals that fhe
maximum (69.35%) accuracy for yrediction was obtained during
second bimecnth and minimum (37.28%) during fifth bimoﬁth' for
Karan Swiss cattle and maximum (64.42%) accuracy for prediction
was obtained ' during third bimonth and minimum (40.96%) accuracy
during fifth Dbimonth for Karan Fries breed. Farther, the
prediction of lactation milk yield based on bimonthly stratified
random test records reveals that the maximum (64.14%) accuracy
was obtained during second bimonth and minimum (34.80%) accuracy
during fifth bimonth for Karan Swiss cattle and maximum (68.02%)
accuracy was obtained during third bimonth and minimum (40.41%)
accuracy during fifth bimonth for Karan Fries breed., The highest
and lowest accuracies for prediction on the basis of bimonthly
systematic sampled test records were higher than stratified

random test records in Karan Swiss breed, whereas the highest and
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The Table 28 indicates that the lowest estimate (4,25} of
ratio factor was observed during first bimonth and the highest
estimate (5.70) during fifth bimonth for Karén Fries breed. The
magnitude of multiplicative factors increased from first bimonth
to fifth bimonth. The accuracy for prediction of lactaticon milk
yield on third bimonthly part yield was found teo be maximum
{(81.16%) followed by second bimonth (76.35%), fourth bimopth
(71.24%), first bimonth (64.39%) and fifth bimonth (49.33%).

It is thus seen that a single record could be taken during a
bimonth around mid lactation (2nd to 3rd bimonth) to predict

lactation yield with fairly high accuracy in both breeds.

The estimate of multiplicative ratic factors on the basis of
bimonthly systemapic'tESt-records ranged from 4.16 to .5.71 for
Karan Swiss -and 4.28 to 5.71 for Karan Fries breed. Similar
estimates- of multiplicative factors based on bimonthly stratified
random test records ranged from 4.17 to 5.77 for Karan Swiss and
4.24 to 5.70 for Karan Fries breed., In the same way, thé
estimates of ratic factors based on bimonthly part yvields ranged
from 4.17 to 5.72 for Karan Swiss and 4.25 to 5.70 for Karan
Fries breed. The prediction of lactation milk yield on the basis
"of bimonthly systematic sampled test records reveals that the
maximum (69.35%) accuracy for prediction was obtained during
second bimonth and minimum (37.28%) during fifth bimoﬁth' for
Karan Swiss cattle and maximum (64.42%) accuracy for prediction
was obtained during third bimonth and minimum (40.96%) accuracy
during fifth bimonth for Karan Fries breed. Further, the
prediction of lactation milk yield based on bimonthly stratified
random test records reveals that the maximum (64.14%) accuracy
was obtained during second bimonth and minimam (34.80%) accuracy
during fifth bimonth for Karan' Swiss cattle and maximum (68.02%)
accuracy was obtained during third bimonth and minimum (40.41%)
accuracy during fifth bimonth for Karan Fries breed. The highest
and lowest accuracies for prediction on the basis of bimonthly
systematic sampled test records were higher than stratified

random test records in Karan Swiss breed, whereas the highest and



Table 29, BRatio factors and their accuracy for prediction of lactation milk yield from monthly cumulative part yields

Duration of sampled FARAN SWISS EREED FARAN PRIES BREED
part Jactation e e et
Rumber of Multiplicative  Accuracy Nusber of . Multiplicative Aecuracy
ohservations  ralio factor (4} observations ratio factor {4
Pirst 30 days 674 §.32 §3.47 ) 550 Bi59 51,42
Pirst 60 days 674 .17 11.38 350 d.-25 64,39
Pirst 90 days 674 3.4 19,29 350 2,89 1.5
Pirst 120 days i 1.19 31,52 - 550 2.1 .
First 156 days 6§74 | 1.81 §7.06 . L 1.82 82.59
Pirst 180 days (A 1.55 N | 550 1.55 87.86
First 210 days 614 - 1,36 94,07 550 136 - - 92,54
First 240 days 674 1.21 $7.12 - 55¢ 1.1 96.54
Pirst 270 days 674 t.10 9,121 550 1.10 99,11

6ET
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The multiplicative ratio factors, developed on the basis of
monthly cumulative milk yield for Karan Swiss cattle (Table 29)
indicated that the magnitude of multiplicative ratio factors
increased with advancement of cumulative milk yielqd, The
difference of ratio factors upto first 180 days cumulative yields
was observed to be higher than subsequent cumulative yields. It
is seen from Table 29 that the first 180 days cumulative vyield
was a reasonable predictor of lactation milk yield which gave
sufficiently high (90.78%) accuracy for prediction of lactation
milk vield in Karan Swiss cattle. When cumulative yield records
for longer duration of lactation were considered for prediction,

the accuracy increased but at slower rate.

The multiplicative ratio factors, developed on the basis of
monthly cumulative milk yields for Karan Fries cattle (Table 2§),
also indicated that the magnitude of multiplicative ratio factor
increased with advance of-cumulative milk yieid.’ The difference
- of ratio factors upto first 180 gdays cumulative vield was
observed to be higher than subsequent cumulative yield. It is
seen from Table 29 that first 180 days cumnlative yield was a
reasonable predictor of lactation milk yield which gave
sufficiently high (87.86%) accuracy of prediction for Kafan Fries
breed. When cumulative yield records for longer duration of
lactation were considered for prediction, the accuracy increased

but at slower rate.

Tt is thus seen for Karan Swiss and Karan Fries breeds that
first 180 days cumulative milk yield was & reasonable predictor

of lactation milk yield.

Reddy and Mishra (1983) also reported that 180 days yield
was a reasonable predictor of 305 days and total lactation yields
in Murrah buffalces. Parmar et al. {1984) reported that maximun
part vyield was obtainad at 91 to 180 days of first lactation 1in
Tharparkar cows which shows that these animals reached peak part
lactation production during this period. Xatoch et al. (19%0)
reported that the relative efficiency of gselection based on first
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120 days and 150 days cumulative yield as compared to first
lactation milk vyield was high in Jersey cattle. Sushil Kumar
(1990) concluded that ratio factor method generally gave
overestimates. The first 150 days and higher duration cumulative
vyield and above yields gave the percentage average error less
than one per cent by ratio method in Sahiwal cattle.

It may be concluded from above presenfation that first 180 day
cumulative milk yield is a reasocnable predictor of lactation
milk yield in both the breeds.

4.6 PREDICTION _OF FIRST LACTATION MILK ON THE BASIS  OF
FORTNIGHTLY, MONTHLY AND BIMONTHLY _TEST _RECORDS _ UNDER
SYSTEMATIC AND STRATIFIED RANDOM SAMPLING SCHEMES AND _PART
YIELDS BY REGRESSION METHOD '

4.6.1 PREDICTION OF LACTATION MILK YIFLD ON THE "BASIS OF
FORTNIGHTLY SYSTEMATIC SAMPLED TEST RECORDS BY REGRESSION
METHOD

The prediction eguations and their accuracies are given in

Table 30 for Karan Swiss and Karan Fries breeds.

It was seen for Karan Swiss breed that when only omne test
record was used for prediction of lactation milk vield, the 13th
fortnight systematic sampled test record gave highest accuracies
of fitting (67.33%) followed by accuracies of 67.17 per cent for
l4th fortnight, 66.20 per cent for 1lth fortnight, 85.35 per cent
for 15th fortnight and 65.22 per cent for 12th fortnight. The
accuracy of fitting on the basis of initial and terminating
fortnightly test records was found to be the lowest as 37.65 and
24.42 per cent, respectively.

In the similar way for Karan Fries cattle, a linear
regression model was fitted among 20 fortnightly test records to
examine the highest accuracy for prediction of lactation milk
yield. The 12th fortnigﬁt systematic sampled test record gave



Table 30. Regreagion equations and their accuracies for prediction of lactation milk yield under fortnightly spatemitic sawpled test
record yialds

Turation of EARAR SWISS DREER FABAR FRIBS DRERD
part lactabion  vesmemsmm s T e
Kumber of fegression equationg decuracy Humber of fegression equations hecyraey
thrervations 1% ehservations {t)

FORTRIGAT IRTERVAL
Ist 1044 Y= 1230520 8,37 %) 17.65 835 ¥ = 1592.88 + 1,99 11 19.43
ind 1044 Y= 847,54 +10.17 2 50,28 815 Y2 2175 ¢ 9493 %2 3,97
3rd 1044 ¥ = 795,55 110,69 13 53.99 - 835 ¥ 987,36 +10.62 13 52,35
Sth 1044 Y= 754,60 +11.26 14 59.77 - 815 T« 908,50 +11.30 x4 53,75
Sth 1044 Y= 72053 «1.97°%8 6890 - 435 Y= 13059 11,08 £5 54,09
bth 1044 ¥ = 750,78 412,11 X6 60,61 835 T = 995,43 +11.54 X6 59,41
Tth 1044 1= 89,92 +11.9¢ 17 62.48 - 835 t o= (009,64 +11.96 17 58.7¢
Bth 104 Y= 800,26 112,71 38 59,65 §35 Y= 996,35 012,40 18 62.12
$Lh 1044 Y= 835,38 +13.87 19 64,34 8l . Y= 1011.25 12,76 19 §3.81
i0th 1442 T = 742,08 413,97 %10 £4.13 : 83 Y = 1039,72 +12.91 10 6. 21
11th 1935 1= 802,39 410,98 X1l 66,29 B 71 ¥ = 102848 +13.50 X1l 66,70
12tk 1018 - Y= 960,43 #13.15 x12 6%.22 817 Y = 1708.84 +12.66 ¥12 £4.42
13th . 1002 Y= 1008,59 +13.02 111 . £7.31 51 ¥ = 1279.60 +12.50 X13 67,36
1LY 442 = 115224 +12.33 114 67,17 13 t = 1339.52 112.48 X14 §1.12
15th 968 ¥ = 1213.13 412,12 $15 £5.35 192 ¥ 5 145998 #11.86 X15 61,85
16th 451 1= 132450 14,31 16 61.24 184 t = 1577.90 +11.26 71§ §0.68
[Tth : 116 f= 143127 10,58 X7 56,87 m ¥ o= 1638.27 +10.79 317 58.85
18tk 904 1= 1598.62 + 9.41 x18 12,63 750 ¥ = 1953,04 « 8.96 118 4664
1%th §12 ¥ - 1081.89 + 7.09 XI9 36.13 664 ¥+ 146,87 + 6,38 119 32,18
20th 725 ¥ = 2075.20 + 5.51 320 n.4 504 't = 2538.00 + 5.10 120 13.94

¥; = test record yield during it fortnight - kg
Y = predicted first lactation milk yield TPMY} - kg
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highest accuracy of fitting (68.02%) followed by accuracies of
67.72 per cent for 14th fortnight, 67.56 per cent for 13th
fortnight, 66.70 per cent for 11th fortnight and 66.21 per cent
for 10th fortnight. The prediction equations of initial and
terminating fortnights gave minimum accuracy for prediction of

lactation vield.

It 1s thus seen that a single test record could be. taken
during a fortnight in mid lactatlion (2th to 14th fortnight) to
predict lactation yield with fairly high accuracy in both breeds.

4.6.2 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF
FORTNIGHTLY STRATIFIED RANDOM SAMPLED TEST RECORDS BY
REGRESSTON METHOD . '

Prediction eguations' and their accuracies based on
fortnightly stratified-random-sampled test records are given in

Table 31 for Karan Swiss and Karan Fries cattle.

3 linear regression model was fitted among 20 fortnightly
Lest records to examine the highest accuracy. For Karan Swiss
cattle it was thus observed that 13th fortnight test record gave
highest accuracy of fitting (68.12%) followed by accuracies of
66.97 per cent for 12th fortnight, 66.51 per cent for 14th
fortnight, 66.09 per cent for 15th fortnight and 65.30 per cent
for 10th and 11th fortanights. The minimum acéuracy of fitting
for prediction was observed during initial and terminating

lactation.

For Karan Fries cattle, it was found that when a single test
record was used to predict the lactation milk yield by regression
methoed, the 12th fortnightly stratified random test record gave
highest accuracy of fitting (68.48%) followed by accuracies of
68.21 per cent for 13th fortnight, 67.15 per cent for 10th
fortnight, 67.03 per cent for 14th fortnight and 66.41 per cent
for 1lth fortnight. The prediction based on initial and



Table 31.  Regression equations and their accuracies for prediction of lactation milk yield under fortnightly stratlfled randon sampled
teat record yields

Duration of TARAN SWISS BREED - : KARAR FRIES BRRED

part lactation  eeseecemommmmaccaaooo- T e e e s aanesveesacsseas oo aae
Fusber of Regression equations Accuracy Hupber of Regression equations Aceuracy
observations (% observations | ()

FORTRIGAT INTERVAL

1st ' 1044 Y= 1229.820 83950 . LS 835 BERIAE §.17 1 3011
nd 1044 Y= 822.03 +10.30 12 50.89 813 Y=1121.45 + 9.97 12 43,43
ird 1044 = MWLM a0 0 3.9 833 T = 1019.43 +10.41 13 51.53
dth 1044 Y= 741,58 11,35 X4 59,22 835 Y= B94.86 #11.42 T4 35.90
Sth 1044 Y= 647,58 +12,39 25 62.13 835 T = 1068.31 #10.85 15 32,28
fth 1044 b= 725,34 412,10 %6 §9.53 815 T = 1057.81 +11,18 16 51.62
- Mh 1044 Y= 720,05 412.13 X7 §1.28 835 1= 100477 110,92 7 38,65
Bth 1044 Y= 756,50 413,02 ¥8 69,95 835 Y = 1006.98 +12.28 18 60.44
3th 1643 Y= 725.46 +13.68 X9 64,15 830 Y = 1002.36 +12.76 X9 63.80
H0th 1940 1= 778.07 +13.91 310 £3.29 829 Y = 1003.68 #13.24 510 §7.15
11th 1928 Y= 836,19 +13.68 11l 65,10 322 Y = 1095.83 #13.08 &Ll 86.41
12th 1011 Y = 962,52 +13.19 112 £6.97 814 ¥ = 1192.99 +12.8¢ xi2 §8.48
13th 992 Y= 1044.48 +]2.86 713 §8.12 803 Y= 1290.17 312,55 113 . 68,21
14th 93 Y = 1183.34 +12.04 Y14 §6.51 197 Y = 1401,28 12,11 314 67.01
15Lh 836 Y = 123410 +11.95 Y15 66.09 189 T = 1448.50 +11.94 115 65.07
16th 43 Y = 1340.25 +11.23 116 §2.22 18 T = 1606.35 +11.61 X16 38,82
17th 922 Y= 1444.94 410,50 717 51.52 m Y = 1659.27 +10.74 117 16.32
18Lh 872 Y - 1673.37 + B.82 X198 46.36 120 Y= 2079.15 + 8.04 218 83,16
19th m ¥ = 1936.88 + 6.64 %19 3328 619 Y = 2441.52 + 5.67 X1 11.91
20th 674 ¥ 1 = 2600.80 + 4.56 x20 20.29

= 2134.96 + 4,98 X20 21.16 550

I; = test record yield during ith fortnight - kg
¥ < predicted first lactation milk yield (PHY) - k¢

eI
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terminating fortnightly test records determined lowest accuracies

of 30.11 per cent and 20.29 per cent, respectively,

"It is thus seen from Table 31 for Karan Swiss and Karan
Fries breeds that a single test record could be drawn during a
fortnight around 10th fortnight to 15th fortnight to. predict

lactation yield with high accuracy.

4.6.3 PREDICTION OF~ LACTATION MILK YIELD ON THE BASIS OF
FORTNIGHTLY PART YIELDS BY REGRESSION METHOD

The prediction equations and their accuracies based on

fortnightly part yields are presented in Table 32 for Karan Swiss

and Karan Fries brgeds.

A linear regression model was fitted among 20 forthighfly
part records to examine the highest accuracy of fitting the
model . For Karan Swiss cattle, it was found that the 13th
fortnightLY part record gave highest accuracy of fitting (72.83%)
followed .by accuracies of 71.85 per cent for 12th fortnight,
71.56 per cent for 11th fortnight, 71.53 per cent.  for 14th
fortnight and 71.18 per cent for 10th fortnight. The prediction
based on 19th fortnight and 20th fortnight gave lowest accuracy
of fitting as 34.33 per cent and 21.33 per cent, respectively.

In case of Karan Fries breed, a linear regression model was
~also fitted among 20 fortnightly part records to examine the
highest accuracy of fitting. Tt was found that 12th fortnightly
part record gave highest accuracy of fitting (74.31%) followed by
accuracies of 73.61 per cent for 10th fortnight, 73.57 per cent
for 11th fortnight, 73.50 per cent for 13th fortnight, 72.04 per
cent for 14th fortnight and 69.385 per cent for 9th fortnight.
The prediction based on 19th fortnight and 20th fortnight gave
lowest accuracy of fitting as 28.80 and 20.91 per cent,

respectively.



Table 32.  TRegression equations and their accuracies for prediction of lactation wilk yield under fortnightly part milk yielda

Duration of FARAH SWISS BREED RARAN FRIBS BREED
part lagtation  =-msesromeemeesmmccee e e e R e L L ELTR P LR P RPN E R
' Number of Regression equatiens  Accuracy Ramber of Reqression equations Aceuracy
observations %) observations (%)
FORTRIGHT INTERVAL
1st 1044 Y= 967,83 +10,08 %1 44,58 835 Y= 117892 +10.35 11 17.54
nd 1044 Y= 65L17 1T DR 56.50 835 Y= §85.79 +1} J5 %2 48.62
ird 1044 Y= 616,08 +11.09 3 60.31 835 Y= 2627+ 03 L4
dth 1044 Y= 529,90 +12.70 ¥4 63,53 835 Y= Mg LAY 60.17
ith 1044 Y= 505,17 413,32 15 67.50 85 Y= 776,94 411,38 X5 £1.12
6th 1044 Y= 545,73 +13.50 16 §6.93 815 Y = B07.80 +12.61 X6 64,00
th 1044 Y= 534,10 ¢14.06 17 68.719 835 1= 6.1 41300 £5.49
3th 1044 Y= 561.61 +14.45 7§ §1.70 813 Y= 802,69 +13.55 18 66.38
Sth 1042 Y= 539.48 +15.09 X9 70,19 B30 Y- 806,41 +14.05 08 69,95
10th 1818 Y= 601,63 #1511 ¥(0 .18 814 T = 823.41 +14.41 16 73,81
11th 1027 Y= 697,78 +14.85 111 71.56 L¥p! T s 932,88 +14.15 711 1.5
12th 1019 Y = 831,60 #14,11 K12 .85 814 Y = 147,96 +13.84 X12 L)
13th 491 Y = 348,36 113,70 113 12,83 K Y = 1169.3% +13,18 113 13.50
14th 972 Y = 1076.26 +13.00 114 1.5 197. Y= 140,70 4131 314 12,05
f5th 855 Y = 1175.17 #12.51 XI5 69.20 189 1= 1)65.71 +12.65 X1 ° © 62,85
16th $42 Y = 1270,50 +11,87 115 65,80 1 Y = 1503.08 +11,86 %16 £4.51
17th 521 Y = 1393:74 +10,98 X179 60,22 m Y = 1600,9¢ +11.27 317 £1.25
13tk in ¥ = 1643.65 ¢+ 9.16 X18 48.06 Al Y = 2039.64 + B,42 718 14,31
19th 176 1 = 1919.59 » 6.85 K19 3433, 519 Y = 227,00 + 5.84 X139 14,80
0th 673 1= 212910 ¢+ 5,04 120 .33 330 Y= 259,11 « 4,71 R0 0,91

¥i = test record yield during ith nonth - kg _
t = predicted first lactation milk vield {P¥Y) - kg

oFT



It is thus seen from Table 32 that a single test record
could be taken during 9th fortnight to l4th fortnight to predict
lactation yield@ with fairly high accuracy in both the breeds.

It 1s thus seen from above results that when a fortnightly
systematic sampled test record was used to predict lactation
yield, the 13th fortnight for Karan Swiss and 12th fortnight for
Karan Fries breeds gave highest accuracies of fitting as 67.33
and 68.02 per Eent, respectively. The prediction of lactation
milk yield on the basis of fortnightly stratified random sampled
test records reveals fﬂat 13th fortnight for Karan Swiss and 12th
fortnight for Karan Fries gave highest accuracies of fitting as
68.12 per cent and 68,48 per cent, respectively. It seems that
the highest accuracy of prediction of lactation milk yield on the .
basis of fortnightly sysﬁematic and stratified random sanpied.
test - reco}ds were almost similar in both breeds when a si.gle
fortnightly'part yield record was used to predict-lactaﬁion milk
vield. However, prediction o¢n the basis of bart records
indicated that the 13th fortnight for Karan Swiss and 12th
fortnight part record for Karan Friles breeds gave highest
accuracies of fifting as 72.83 and 74.31 per cent, respectively.

ABnble et al. (1959} and Anmble and Rajagopalan (1960)
estimated the lactatioen milk vield from test day vields recorded
at fortnightly intervals by simple random sqmpling and systematic
sampling in cattle and buffaloes in India. They reported that
systematic sampling was better than simple random sampling method
for estimation of lactation yield from test day records.
Agarwala (1962) reported that recording milk production after
every 10 days for predicting the lactation vields was found to be
most reliable. Dutt et al. (1965) predicted first lactation
yield in Murrah buffaloes from 15 days yield. The prediction
equation for determining total lactation yield from part yield '
was Y = 1284 + 7.63 X1, where Y = predicted conplete lactation
milk yield, X1 was milk yield for 15 days of lactation. Ivanov
et al (1969) reported that the estimated lactation yields with 5,

10 and 15 days recording intervals were less than actual yield in
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dairy cattle in Denmark. Nagarcenkar and Basavaiah (1681)
predicted 300 days milk yield from part yields by regression
method. They reported that 22 week yield (1llth fortnight) was a
reasonable predictor by regression method. Agrawal et al. (1987)
recorded daily milk yield in 77 Haryana cattle and 115 Murrah
buffaloes at intervals of 7, 14, 28 or 56 days. There were no
significant differences in the accuracy of estimated milk yiefd
on the basis of tests sampled at interval of 7, 14 or 28 days.
Dass (1991) observed. that the accuracy under systematic and
stratified random sampling was better with shorter testing

intervals in Murrah buffaloces,.

It may be concluded from above presentatioﬁ that the
prediction of lactation milk yield on the basis of fortnightly
syétematic and strafified random sampled test records and
fortnightly part vyields by regression method reveals that a
single test record could be taken a fortnight during S9th to 14th
fortnight to predict lactation yvield with fairly high accuracy in
both breeds. The accuracy for prediction of lactation milk yvield
on the basis of fortnightly systematic and stratified random
sampled test records by regression method were similar in both
breeds, whereas accuracy based on fbrtnightly part vyields was
similar in Karan Swiss and Karan Fries as compared to above two

milk recording schemes.’

4.6.4 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF MONTHLY
SYSTEMATIC SAMPLED TEST RECORDS BY REGRESSTION METHOD

A linear regression model was fitted among all 10 monthly
systemtic sampled test records in both breeds. The prediction
equations and their accuracies are given in Table 33 for Karan

Swiss and Karan Fries breeds.

For Karan Swiss cattle, when a single test record was.
considered, it could be seen from Table 33 that the 7th monthly
test record under systematic sampling scheme gave highest
accuracy (68.91%) of fitting followed by accuracies of 67.85% for



Table 33. Regreasion equations and their accurscies for prediclion of lactation milk yield under monthly eystesatic sampled teat record

yie.ds
Duration of RARAR SHIBS CREED FARRY FRIZS BRECD
Part JacBatfon  -rore e mn e s e e b CsEE b
Numbet of Regression cquationa Aecuracy funlier of Regrrsafon eguations Arcuracy
observations : () «servations {%)
HONTHLY IRTERVAL | 'f'
ist (944 T o= INR7LR6 + 4,56 XF 7.9 i15. Y= 136503 ¢ 4,46 X1 16.12
Ind 1044 1= TSAIT + 5552 55.92 §15 1= 905,65 + 5.60 X2 RN
ded J 044 Y= 123,95 + 6.02 X3 bG.66 135 Y= 1000,43 ¢ 5,60 §3 16,33
ith 1044 Y= 8327 ¢6.05 M 3.04 835 ¥or 1646.20 4 5.7 X4 58.03
th 1044 te 76539+ 6.7 05 §3.64 13) 1= 019,05 & 6,43 35 63.20
bk 1424 Te §ET.61 ¢ 615 X6 1,85 113 Y o= LI56.23 ¢ 6.47 38 57.%4
th 993 to: 1063.10 + 6,43 X7 - B8t 04 Y= 1593 ¢ 614 07 60.16
Bth 957 1= 1276.40 + 5,81 18 t4.91 1 ¥ = 1521.00 + 5,78 (B f3.48
8th 925 Y= 557,66 1 .06 49 303 763 Y = 1791.59 + 5,00 9 N
10Lh 114 t = 195800 + 302 %10 19,22 (19 T o= WY 70310 16,80
8 = lesl record yield during ith monlh - kg
¥ = predicted first lactation wilk yield {PHY] - kg

6pT
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6th month, 64,91 per cent for 8th month, 63.64 per cent for 5th
month and 60.66 per cent for 3rd month. The initial and
terminating monthly test records were found to give lowest

accuracy of‘prediction as 42.32 and 29.32 per cent, respectively,

Similarly for Karan Fries cattle when a single test record
wag used to draw the sample, it was found (Table 33} that the 7th
monthly test record under systematic sampling scheme gave‘highest
accuracy (68.16%) of .prediction followed by accuracies of 67.54
per cent for 6th month, 65.20 per cent for 5th month, 63.08 per
cent for 3rd month and 58.03 per cent for 4th month. However,
initial and terminating monthly test records were observed to

give minimum accuracy of fitting as 36.12 and 26.80 per cent,

respectively.

It is thus 'seen from above presentation that a single
systematically sampled test record could be taken during seventh
month of lactation to predict lactation yield with fairly high

accuracy in both breeds.

4.6.5 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF MONTHLY
STRATIFIED RANDOM SAMPLED TEST RECORDS BY REGRESSION

METHOD

Prediction equations and their accuracies of fitting based
on monthly stratified random test records are given in Table 34

for Karan Swiss and RKaran Fries breeds.

For Karan Swiss cattle when a single monthly test record was
considered to predict lactation yield, the 7th monthly test
record under stratified random sampling scheme was found to give
highest accuracy (69.06%) of fitting followed by accuracies of
66,42 per cent for 6th month, 63.87 per cent for 5th month, 63.85
per cent for 8th month and 58.94 per cent for 3rd month. The
initial and terminating monthly test records determined lowest

accuracy as 44.78 and 21.51 per cent, respectively.



Table 34,  Regression equations and their accvracies for prediction of lactation milk yield under monthly stratified random sampled test
record yields

Duration of FARAN SWISS BREED . KARMK FRIES BRRED
part Jackabion  -emseeecescmmacemmmecenn oo et e e
Hunber of Regreazion equations . Accuracy Rumber of Regression equalions docuracy
observations (%] abservations 41]
HORTHLY INTERVAL
Iat 1044 Y= 1027.90 « 4,65 (1 . 44.78 815 Y= [215.40 0 4,73 11 318.14
Ind 1044 T= 8071.05+5.390 54,04 833 Y= 035244 5,48 12 5408
3rd : 1044 Y= 703.24 ¢ 6,09 13 58.94 B15 t= 937.81 45,8403 60.37
ith 1044 Y= TI5.87 % 6,34 14 58.47 Lk Y= 960.43 + 6,17 T4 b0.42
Sth 1040 Y= 153+ 6,74 15 §3.87 829 Y = 1031.42 ¢ 6,40 35 £2.36
bth 1M1 Y= 917,20 ¢+ 6.40 X6 66.41 B4 Y= 1186.12 + 6.30 %6 67.71
Tth 973 Y = 1130,54 + 6,23 11 69.06 197 Y= 134195+ 6,19 17 £6.56
Bth 543 1= 1319,80 + 5,65 X6 63.85 m Y= (591,48 ¢ 5,56 18 60,51
Sth an Y = 1653.70 ¢ 4,44 19 48.38% 0 Y= 2048.19 + 4,16 X9 3.8
10th 674 Y= 236,01 v 2,51 110 21,51 550 Y- 2593,18 ¢+ 234110 . 2099
¥;i = test record yield during itl’I month - kg
Y = predicted firat lactation milk yield (PMY) - kg

15T
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Similarly for Karan Fries cattle, it was seen (Table 34)
that when a single monthly test record was used to predict
lactation milk yield by regression method, the 6th monthly
etratified random sampled test record was found to give highest
accuracy (67.73%) of fitting followed by accuracies of 66.56% for
7th month, 62.36 per cent for 5th month, 60.51 per cent for -8th
nonth and 60.42 per cent for 4th mohth. The initial and
terminating monthly_ test records gave mininum accuracy of
prediction as 38.14 and 20.99 per cent respectively.

It is thus seen from above presentation {Tgble 34) for Karan
Swiss and Karan Fries breeds that a single monthly test record
under stratified random sampling scheme could be taken during 6th
to 7th month of iactatipn to predict lactation yield with fairly
high accuracy in both breeds. :

4.6.6 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF MONTBLY
PART RECORDS BY REGRESSION METHOD

Prediction equations and their accuracies of fitting based
on monthly part records are given in Table 35 for Karan Swiss- and

Karan Fries breeds.

For Karan Swiss cattle, when a single monthly part record
was considered to predict lactation yield, the 6th month part
record was found to give higheét accuracy (73.71%) of fitfing
followed by accuracies of 73.53 per cent for 7th month, 72.42 per
cent for 5th month, 70.18 éer cent for 4th month and 68.68 per
cent for 3rd month. The initial and terminating monthly part
records determined lowest accuracy as 52.97 and 22,09 per cent,

regpectively.

Similarly for Ka?an Fries cattle, it was seen (Table 35)
that when a single monthly part record was used to predict
lactation milk vielda by regression method, the 6th monthly part
record was found to give highest accuracy (75.48%) of fitting
Ifollowed by accuracies of 74.10 per cent for 7th month, 73.61 per



Table 35, Reg'ressian equations and their accuraciea for prediction of lactation milk yield under monthly part yields

Duratian of BARAR SWISS BREED KARRR FRIES BREED
part lactation  mm-mmmmeemesmmsmemee e et e
Number of Regression equations Accgracy Number of Regreszion equations Accyracy
observations (8%} observations R, %
f
1st moath 1044 Y= 725,49 ¢+ 5,64 X1 5.9 835 Y= 898.04 + T4 X1 40.59
2nd ponth 1044 Y= 52072+ 6,26 12 64.25 B35 T = 699,67 + 6.13 X2 §0.37
ird month 1044 Y= 482,00 + 6,85 13 63.63 835 f= 738.71+6.9 03 64.18
ith month 1044 s 492,29+ 7,00 18 10.18 439 T 780,M3 + 680 M4 f7.61
5th oonth 1044 Y= 536.1%+7.69 15 .42 831 Y= 790,08 +7.26 X3 11.59
tth month 1024 1= 797,95 + 7.18 X6 1n.n BI Y= 994,33 + .01 X6 75,48
ith month 995 Y = 1035.78 4 6,62 X7 73.53 804 Y = 1202.40 + 6,68 %7 14,10
8th month 957 Y = 1236.20 + 6.06 18 58.00 787 [ = 1459.74 + 6.07 18 66.56
9th month 425 Y = 1611.25 ¢ 4.68 X9 58.56 163 T = 2011.63 + 4.29 ¥¢ 15,76
10th month 716 Y = 2120.77 + 2,58 1IN0 22,09 519 Y= 258447 ¢+ 2.38 LD .49

Tj = part yield during i”I sorth - kg
Y = predicted first lactation milk yield (PKY} - kg

£ST
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' cent for 5th month, 67.61 per cent for 4th month and 66.56 per
cent for 8th month. The initial and terminating monthly part
records gave lowest accuracy of prediction as 40.59 and 21.49 per

cent, respectively.

It is thus seen from above presentatidén (Table 35) for Karan
Swiss and Karan Fries breeds that a single monthly part record
could be taken during 6th month of lactation to predict lactation
vield with fairly high accuracy. - '

VanVleck and Henderson (196l1lc) developed regression factors
in Holsteins for extending part lactation milk records by a
"within herd analysis" of age at first calving and ,seéson of
. ealving corrected data. A linear function of first five .monthly
test records was found to predict a complete second record as
accurately as the total yield of first lactation. - The linear
function of first seven monthly records gave even more accurate
predictions. Sidhar and Sundaresan {1973) made studies on Nili-
Ravi buffaloes and found that regresgssion coefficients ranged from
2,64 to 6.44 for single wonthly milk yields. Gokhale (1974)
studied the reliability of part lactations in eétimating- the
total first lactation vield which revealed that amongst single
monthly yields, 5th month'’se production showed highest accuracy
(66.96%) followed <closely by 6th month and 9th month. The
prediction eguation based on fifth month's yield was Y = 437.09 +
7.74 X, where Y = estimated first lactation milk vyield, X = fifth
month's milk yield. Abdel-Aziz et al. (1975) used least sgguare
analysis method to calculate simple regression factors based on
single month yield., They found that the best single month yield
for prediction of lactation yield was seventh and eighth with
coefficient of determination of 0.36 and 0.38, respectively in
Egyptian buffaloes., Tahir et al. (1983) found the best
prediction regression eguation on the basis of fourth monthly
part lactation yield which was Y = 126 + 2.123 X4, where X4 is
the 4th monthly part lactation yield; this had the reliability of
72.42 per cent. _Do et al. (1986) reported that total lactation

yield was best predicted by simple regression on monthly vyields



155

in months five to mix (R2 = 0.87). Khoda and fTrivedi (1987)

reported that the best predictors of 305 days milk yield by
regression method ware third, fourth, fifth and sixth month's

vield.

Roy and Katpatal (1989) used the .-regression method for
predicting 300 days milk vield based on single monthly yields.
The 4th monthly vield was found to give highest accuracy (74%) of
prediction followed Qg 5th month (72%) and 3rd month (71%).

4.6.7 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF
BIMONTHLY SYSTEMATIC SAMPLED TEST RECORDS BY REGRESSION

METHOD

The prediction equations and their accuracy for prediction
on the basis of bimonthly systematic sampled test records are

shown in Table 36 for Karan Swiss and Karan Fries breeds.

When a single bimonthly test record was considerea, it is
seen from Table 36 that for Karan Swiss cattle, the 4th bimonthly
test record under systematic sampling scheme was found to give
the highest accuracy (66.21%) of fitting followed by accuracies
of 65.68 per cent for 3rd bimonth, 62.43 per cent for 2nd
bimonth, 49.98 per cent for firgst bimonth and 38.92 per cent for
5th bimonth.. '

For Karan Fries breed, prediction of lactation yield on the
basis of 3rd bimonthly test record under systematic sampling
scheme was found to give highest accuracy (66.05%) of fitting
followed by 64.74 per cent faor 4th bimonth, 56.16 per cent for
2nd bimonth, 46.77 per cent for 1st bimonth and 35.80 per cent
for 5th bimonth.

It is thus seen from above presentation that a single
bimonthly test record under this sampling scheme could be drawn
during 3rd and 4th bimonthly lactation period to predict
‘lactaticn -milk yield with fairly high accuracy.



Table 36,  Regresaion equations and their accurzcies for prediction of lactation wilk yield under bimoathly systematic sampled Lest
record yields

Deration of TARAF SWISS DREED : FARAN PRIRS BREED

part lactation  s-eememmmce e nenae A e ieseeensemesaniemmmmeememsmsaesssssansenan
Humber of Regression equations Accuracy Fugher of - Regression equations Accuracy
observations _ %) observations . (%)

BIMOATALY IRTERVAL

13t two months 1044 Y= 885,72+ 2,567 49,91 B35 Y= 1158.31 + 2,50 %1 .17

20d two months 1044 Y= 750,40 + 3.05 ¥2 L3 83§ Y = 1079.57 ¢ 1,81 B2 56.16

3rd two months 1036 Y= 83460 + 3.8 73 §3.68 a8 Y= 1089.71 + 5.4 ) 66.05

4th two months ' 674 f=1095.53 +3.03 14 §6.21 756 RTINS I b4. 74

Sth two months 848 .Y = 1831.84 + 1,92 15 B §92 Y = 2272.00 + 1,76 X5 35.80

¥ = tlest record yield during ith bimonth - kg

Y = predicted first lactation milk yield (PMY) - kg

9¢T
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4.6.8 'PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF BIMONTHLY
STRATIFIED RANDCOM SAMPLED TEST RECORDS BY REGRESSION
METHOD '

The prediction .equations and their accuracies based on
bimonthly test records are given in Table 37 for Karan Swiss and
Karan Fries breaeds. '

A linear regression model of lactation milk yield was fitted
on five bimonthly test records to examine the highest accuracy.
It was thus observed that for Karan Swiss cattle 4th bimonthly
test record under stratified random sampling scheme gave highest
accuracy (66.21%) of fitting followed by accuracies of 64.21 per
cent for 3rd bimonth, 58.26 per cent for 2nd bimonth, 51.32 per
cent for lst bimonth and 22.08 per cent for 5th bimonth.

For Karan PFries cattle it was found that when a single
record was used to predict lactation milk yield by regression
method, the 3rd bimonthly stratified random test record gave
highest accuracy (67.97%) of fitting followed by accuracies of
64.29 per cent for 4th bimonth, 58.79 per cent for 2nd bimonth,
44.53 per cent for 1st bimonth and 21.61 per cent for 5th
bimonth. '

It is thus seen from above presentation (Table 37) that a
single bimonthly test record under gtratified random sampling
scheme could be taken dﬁring 4th bimonth in Karan Swiss and 3rd
bimonth in_ Karan Fries breeds to predict lactation milk yield

with fairly high accuracy.

4.6.9 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF
BIMONTHLY PART YIELD BY REGRESSION METHOD

The prediction equations and their accuracies based on
bimonthly part milk yields are given in Table 38 for Karan Swiss

and Karan Fries breeds.



Table 31,  Regresaion equations and their accuracies for prediction of lactation vilk vield under bimonthly stratified random sampled

test record yields

Dutation of

EARAR SWISS BREED

RARAK FRIES BREED

part Jactabion  ==meecmmemmammomemmree oo R OO St
Rumber uf Regresaion equations hocyracy Nunber og Keqregajon equations Accgracy
‘observations 2 ,% observations ; (R3]

BIMOKTALY INTERVAL

lst tuo months 1044 Y= 903,67+ 2.54 71 51.32 835 ¥ = 1190.30 + 2.45 11 44,53

2nd two montha 1044 Y 822,424 2.9 12 58.26 838 i ?53.6? + 2,94 X2 58.79

3rd two months 1011 Y= 951.67 +3.1903 £4.95 814 Y= 120574 + 3,04 13 67.97

4th two months 94 1 = 1290.87 + 2.86 34 66.21 773. T = 1537.36 + 2,83 ¥4 64.29

5th two months 674 1:=08.20+1.29718 22,08 550 T = 2586.63 + 1,18 %5 © 216l

I; = test record yield during ith bimonth - kg
¥ = predicted first lactation milk yield (PHY} - kg

861



Table 38,  Regression equations and their accuracies for prediction of lactation milk yield under bimonthly part yields

Durztion of
part lactation

EARRF SHISS BRERD

RKARAR FRIES BREED

..........................................

Hurber uf Regresaion equations Accﬂracy Humber af : Regreggion equations sccgracy
observations (A°,4) observations R ¥
| f'
1at two monthe 1044 y = 506.87 + 1,16 31 62,19 835 ¥ = 616,53 +3.21 %] 7.0
Ind two zonths 1044 Y= 401,12 + 3,69 32 12,35 815 Y= 889.11 v 342 02 §8.31
rd tvo months 1011 §= 731,97 « 063 13 15.8% 314 f= 911,33 + 3.54 13 17,48
4th twe months 943 1= 119751 + .10 14 12,13 7%8 MR FII LWL { n.21
5th two months 5?# ¥ = 7104.53 2 1.34 15 23.70 550 Y= 2569.60 + 123 XS 12.67

I; = part yield during ith

bisonth - kg

Y = predicteed first lactation silk yield {PMY) - kg

69T
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For Karan Swiss cattle when a ainé]e bimonthly test record
was considered to predict lactation milk yield, the 3rd bimonthly
part yield was found to give highest accuracy (75.89%) of fitting
followed by accuracies of 72.35 per cent for 2nd bimonth, 72.13
per. cent for 4th bimonth, 62.19 per cent for 1st bimonth and

23.70 per cent for 5th bimonth.

Similarly, for Karan Fries cattle, a linear model of
lactaticon vyield was fitted on five bimonthly part yields to
examine the maximum aé&ﬁracy of predictioen. It was found that
the 3rd bimonthly part yield determined highest accuracy (77.49%)
of fitting followed by 71.27 per cent for 4th bimonth, 68.31 per
cent for 2nd bimonth, 57.32 per cent for lst and 22.67 per cent.
- for 5th bimonth.

It is thus seen from above'presentation (Table 38) that a _
single bimonthly record could be drawn during Brﬂ bimornth's
lactation period to predict lactation vield with fairly high
accuracy in both the breeds. The predictibn based on bimonthly
part vyield determined higher accuracy than bimonthly systematic

and stratified random sampled test recards in both the breeds.

The prediction of lactation milk yield on the basis of
bimonthly systematic test records reveals that the maximum
(66.21%) accuracy of fitting was obtained during 4th bimonth and
minimum (38.92%) during 5th bimonth for Karan Swiss cattle and
maximum (66.05%) accuracy of fitting was ' obtained during 3rd
bimonth and minimum (35.80%) during 5th bimonth for Karan Fries
breed, whereas prediction of lactation milk yield based on
bimonthly. stratified random test records reveals that the maximum
{66.21%) accuracy of fitting was obtained during 4th bimonth and
minimum (22.08%) accuracy during 5th bimonth for Karan S8Swiss
cattle and maximom (67.97%) accuracy of fitting during 3rd
bimonth and minimum (21.61%) accuracy during 5th bimonth in Karan
Fries cattle. The highest accuracies for prediction on the basis
of bimonthly systematic and stratified random sampled test

records were similar but lowest accuracy was higher under
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systematic sampling scheme as compared to stratified random
sampling scheme in Karan Swise breed. The maximum éccuracy was
slightly higher under stratified random sampling scheme than that

under systematic sampling milk recording in Karan Fries breed,

The prediction based on bimonthly - part yields reveals that
maximum (75.89%) acurracy of fitting was obtained during 3rd
bimonth and minimum (23.70%) accuracy during 5th bimonth in Karan
Swiss breed and maximum (77.49%) accuracy of fitting during 3rd
bimonth and minimum (22.67%) during S5th bimonth in Karan Fries
breed. It is thus found that the accuracy of prediction of
lactation milk yield on the basis of bimonthly part vyield was
higher than that obtained under systématic and stratified random

sampled test records in both breeds.

Lamb and Young (1968) found that lacfation totals for milk
and fat estimated from bimonthly tests by several different
" computational procedures generally had small positive biases
{(upte 2%). McDaniel (196%), reviewing different reports on
cattle, observed that errors in milk vyields computed from
bimonthly samples were about 30 per cent greater than those based
on monthly tests. He was of the. opinion that accurate cow
ranking and progeny testing of bulls could be based on =anples

taken as much as two months apart.

A comparison of accuracy for prediction of lactation milk
yield on the basis of bimonthly part yield with the two sanpling
schemes reveals that the higher difference of 9.68 per cent of
accuracy was observed with systematic test records for Karan
Swiss and 11.44 per cent of accuracy £for Karan Fries breed
whereas the higher difference of 9.68 per cent of accuracy was
observed with stratified random sampled test records for Karan
Swiss and 10.52 per cent of accuracy for Karan Fries breed. it
may be concluded from above results that the prediction of
lactation milk yield on the basis of bimonthly test records by

regression method, that a single test record under systematic
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sampling could be taken during 3rd bimonth's period of lactation
in both breeds.

4.7 OPTIMUM COMBINATIONS GF TEST RECORDS AND MULTIPLE LINEAR
REGRESSION EQUATIONS FOR PREBPICTION OF LACTATION MiILK YIELD

4.7.1 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK
YIELD ON THE BASIS OF FORTNIGHTLY SYSTEMATIC SAMPLED TEST
RECORDS N

Simple linear and multiple linear regression eguations were
fitted to predict the lactation milk yield considering the
various combinations of test records drawn under fortnightly
systematic sampling scheme. The prediction equations which
required minimum number of test records and gave 'sufficiently
high (above 90%) accuracy of fitting the multiple regréssion
model was considered tao be the optimum; The fo;ward selection
stepwise regression analysis models were fitted to get the best
combination of test records. The prediction equations fitted

alongwith their accuracy for both the breeds are presented in

Table 39.

In case of Karan Swiss éattle, it was found that when only
one test record was used for prediction of lactation yield, the
13th fortnight éystematic sampled test record gave highest
accuracy (67.33%) of fitting. When two test records were used
for prediction of lactation yield, it was found that the test
record during 4th and 13th fortnight gave the highest accuracy
{85.33%}). Further when three samples were chosen, the highest
accuracy (92.37%) of fitting the multiple regression model was
cbtained for test records drawn during 4th, 13th and 17th
fortnight. When more number of test records were chosen for
prediction, the accuracy of fitting the multiple regression
models increased at slower rate. When all the 20 fortnightly
test records were considered, the accuracy (99.23%)} of fitting

the prediction equations was obtained in Karan Swiss breed (Table

39).7 -
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Agtyrac

Best prediction regression equations

conbination of teat records

test records

table 39, Prediction egnations anﬂ Eheir accuracy for estimatioo of lactation milk yield under fortnightly systematic sampling scheme with *hest®
B, of

Breed
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contdsseeq. table 39

Breed Ro, of Best prediction regression equations Aecuracy
test records : {4

£S t = 5%.%% ; L18X2 ¢+ 1.67%4 + 1.05X5 ¢ 1.81%7 4 1,03%9 + 2, ML+ L, 87313 + 2,33315 + 2.06¥17 + 1,29719 + 98.46

{3 11 IS 95::?3; LO1X2 + 1.99%3 + 20636 + 1,778 v 1.67810 » 1,26X21 + 1.36X12 + 253815 » 232817 4 119719 + 98.47

Both ¥ 53:3% 502 272 ¢ 19734 + 180K6 + 1.52K8 ¢ 1.62%9 + 2.05%11 + 1.69X13 ¢ 2.23015 + 225717 + 1.21%19 + 98,64

XS = l? ;gﬁgn ngé |21 5052 + .61X8 + 15485 v 1,82%7 + 10029 + 203811 ¢ 1,93%13 + 22615 + 2,02R17 ¢+ 98,60

4] 12 1= _T%.f% i91 6%!2 +21 I3 4 1L50R4 + 1,57X6 + 1.6238 + 17310 + 169510 + 1,34%12 + 2, 5?!15 v L3N 4 90.63

Both , Y= 35.76 4 0.97K + 1.51%2 +1.91X4 + 18327 + 1568 + 1. B2%9 + 2.03X11 + 1,77513 + 2.16W15 + 2,20817 + 98,81
123519 + 09000 e

1S Y= 4% gixia“ aixgg;ls 4Eﬁla+ 106314 + 1615 ¢ L 4X7 + 19439 + LL9OKLL + .87313 ¢ 1.57X15 + 1,28716 + 99.71

+ ¥
144 13 1= 4% ;gziiﬂ 8; %5; a USIZg; %01313 + 1.5534 + 1.64%6 + 1,67X8 + 1.66X10 + 1.71X1L + 1. 41522 + 2,51315 + $9.78
+

Both Y= 33,99+ 0.96¢1 ¢ 1,552 + 1.89%4 + 17486 ¢ 14258 + 1.15K9 + 1L27K10 ¢ [.60XLL ¢ 1.67X13 + 2.15KL5 + 88.91
3,20717 + 122119 + 0.91320

(1 Y= 4039 ¢ 0.86%1 + 1,4672 + 1.68%% ¢ 1.64%5 ¢+ I, ?111 + 1.B8%9 + L4071 # 117712 + 1,42%13 + 1,55%15 ¢ .01
1.28%16 + 1,85%17 ¢ 1,27319 ¢ 0.87 320

e 14 Y= 45.77 s 0.89%1 + 1.05%2 + 1,19%3 ¢ 1,58%4 + 16176 + 1.64X8 ¢ 1.54210 + 1,61%11 + 1,06X12 + 1.53%14 + $8.93

* 1?5!15"'2“?1?'1.69'. 0

Bath Y= M9 +0. 93 1+ 1.56%2 + 1.82K4 ¢ 1 7756+ 1.4638 + 1.16%9 + 1.27X00 # 1.62311 + 1.68%03 + 1,207%15 + 8.99
1.51017 + 0,988+ 091219 + 0,%0%30,

L Y= 36.78 v 08571 + 14502 + 1.60%4 ¢ 16615 + 1 6917 + 1,959 ¢ 1.40%10 + 1.20712 + 1, 41713 + 1,50115 + 98.90

' 1.22706 + D, 92x1? + 1.05218 ¥ 0, 93119 0.8

RF 15 T = 35.67 + 0,981 ¢ 1,0032 + 1.14K3°4 1,6 4 ' l asxﬁ + 1,278 ¢ 1,17%9 + 109310 + 1.43111 + 0,97%12 + 99.03
152714 + 172115 + 2.16x117 ' l 10319 +

Both Y= 27,13 + 0.94%1 ¢ 1, 49%2 + 1.44X4 + ], 0?15 i 1.3436 + 13708 + 11259 + 1,25810 + 1,58K11 + 170713 + $9.07
. 207816 + 158117 + 1,08%18 ¢ (,94719 + 0.86%20

contdeaeians
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cotitd. ... table )9

Breed Ro. of - Begt predietion re i i
re o corls est pr on reqregsion equationa _ ‘“T?{“"’
{1 Y= 35.04 4 U EGKI # I 4&x2 t I 11x4 £ 12585 + ], Il 16+ 1 33:? + 1 8 L38Ti1 # Loo: .
R R A A
= 1 {* ' i i ¥ ¥ x ¥ ¥s v 2
Bath ¥ ; gg 40 96Xlax1? ;3§2luxlj 525.221190 15+ o0 29!5 + 1,3518 1 15 9 L 1s§1a * H 31111 e o
G . = # [] + 1.4 4 . ¥ 59 ¢ + X . .
Li3rie b 15615 1 0K1d 1 D.9K18 4 0.94113 s 0. 400 t LI s
kS Y= 3269 + 0,89%1 ¢ I.3OXY » 14734 + 1,19%5 + 1.0526 # 0.97%7 + I.ﬁSKS v 14019 + 1L3IRML ¢ 1,17H82 ¢ 99.47
1.40213 t1, SIXIS + 106016 + 4. 99!1? +1, IEXIB + 0.97%19 ¢+
kP 1. Y= 3276 ¢ 0,657 TEE 4 11233 ¢ 1A%+ 1L15%6 ¢ 10677 ¢ ﬂ 98X8 + 10839 ¢ LLG4R10 ¢ 151000 ¢+ 99.15
) 0.93112 « l 54114 + 1. ESKIS t l.Gixl? + 079208 + 0,93%19 + 0.92§20 ;
Both ¥ = 26,84 + 0.90KE ¢ 11802 + 4. 84!3 + 11084 + 0,955 + |,2336 + 1,3 5!8 1 I 1439 + LISTI0 + 151110 i}
: 127000 ¢ LLA0X14 ¢ 150305 ¢+ |, 48517 + 0,99318 + 0,96%19 + 0.66X2 g?
58 ¥a 26,18 + 0,951 « 14282 « 13854 + 1,12%5 « 1.04%6 ¢ 0.9137 + 1,038 ¢ 1. 05:9 + 1. 04%10 + 09511 + 99.13
L. G?Il! € [.33x13 +1. 52805 ¢ I,06%16 ¢ 0, ??x1? i 116718 + G. 96119 ¢+ €,80720
kP 18 ¥ = 32,35 ¢ 0.90%1 + L.04X2 4 1,15%3 + 1,42%8 316 01,0237 + 05,9738 ¢ 1,0739 + L,02%10 + 1,88111 + 9.1
0.90212 + 1.43114 ¢ 1 3 115 + 4, 95:16 + 1 Ziﬁl? + .73 Iﬁﬂ + 0, 537310 + 0,93120
Both Y= 26,48+ 0.3911 + 1. 2 0,86X3 + 1,1B%4 ¢ 1,0025 + 1,2056 + 1,33%8 + 1.1 x9 + L.LATI0 + 1,971 + 99.2%
12703 + L.Goxlé + 1, l#x 15+ 0,981 + 1 IﬂXIT + 0,05018 + £.95x10 + 0,861
18 Y= W4+ ﬂ 9281 + 1.43%2 4 1,301 4 1.13%5 + 1 00%6 + 0,9427 + 1,00%8 + 1.0839 + 1,00%10 + 0.92711 + 9.18
1.02%12 ¢ 10331 % ¢ 0,90504 1.12%18"+ 0.93316 + ﬂ.g T17 + L4718 + ¢, 9621% + C,82120 ’ 9.l
{3 14 1= 30, Gg ﬂ 9111 e ﬂIIZ 1 1.0 9 T3 ¢ 1,61%4 ¢ 1,2506 ¢+ 0,957 + 09748 ¢ 10079 « 102810 + 1,30m11 + 99,27
0.66T17 « 0,90813 + 1.06%I4 + §, 1?:15 + 096516 . 20517 + B, 75108 ¢ 8, 8?:19 + 0,%7300
Both Y= L4+ ﬂ 89%1 + 1.13%2 ¢ 0 8633 + 1. g3l + 08985 » 0,9436 + 0,94%7 « 1,04%8 + 1,04%9 + 100010+ 99.30
L48R11 « 1.2271% + 1.00%i4 + 1 15215 + 2,98%16 + 1,10%17 » 0,95018 + 0,96 9 + 0.81120
kS oY= 2387+ 0.B8X1 ¢ 1.17X0 00,7833 + 1,10%4 + 1.03%5 + 0,9016 + 0,93%7 + 1,0178 ¢+ 1.08%9 + 0.95x10 + 99,11
n.ﬂﬂxll + 105512 ¢+ 0,99%13 ¢+ ¢, 94114 I i 14:%5 1 0.99116 £- ﬂ 95717 + 1.L6X18 + 0,99319 + 6. 79520
44 0 Y= 27,29 4 0.93x] ¢ 1.02!2 + 1,0513 6¥5 + 1. 00%6 + 0.8 BYX) v 09738 + 0,089 + 1.05%10 + 99.32
£.33200 ¢ ,660L7 + 0,92003 + 1 39!16 f 1 IZIIS i 004306 ¢ 1L 2HXET ¢ 678518 2 0 ?5319 RAL e
Both Y= 24,21+ 0.91!1 + 1,125 + 0,89%3 +1.120% + 0.91%5 + 0,94%6 + 0,92%7 + 1,06%8 + 1.01 9+ 104010 + 99,35
14210 ¢+ 0.83512 ¢ G, 95113 + 102504 ¢+ l 12215 + 0.95%16 + 1.12017 » 0.54118 + 0, 95119 + D37

%1 = test record yield durlnz Earth?ht =1, ooy 20) - kg
1" = predicted lactation wilk yield (PHY} - kg
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In case of Karan Fries cattle, it was found that when a
single test record was used for prediction of lactation yield,
the 12Eh fortnight systematic sampled test record gave highest
accuracy (68.01%) of fitting the regression model. When two test
records were used for prediction, it was found that the test
records during 3rd and 12th fortnight gave highest accuracy
(83.59%) of fitting. Further, when three samples (test records)
were chosen, the highest accuracy (92.41%) of fitting the
multiple regression model was obtained for test records drawn
during 3rd, 12th and 17th. fortnight. When more number of test
records were chosen for prediction, the accuracy of fitting the
multiple regression models increased_at slower rate. When all 20
" fortnightly test records were considered, the highest accuracy
(99,32%) of fitting prediction equations was found in Karan Fries
breed (Table 39). | |

It is thus seen from Table 3% that two records taken
randomly during 4th and 13th fortnight or three records taken
during 4th, 13th and 17th fortnight for Karan Swiss and two
records taken randomly during 3rd and 12th fortnight or three
recoxds taken during 3rd, 12th and 17th fortnight for -Karan

Fries would be adeguate for prediction of first lactation yield.

4.7.2 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK
YIELD ON THE BASIS OF FORTNIGHTLY STRATIFITED RANDOM

SAMPLED TEST RECORDS

The forward selection stepwise regression analysis models
were fitted to predict the lactation milk yield considering the
various combinations of test records drawn under fortnightly
stratified random sampling scheme. The prediction equations
which required minimum pumber of test records and gave
sufficiently high (above 90%) accuracy of fitting the multiple
regression model was considered to be optimum. The prediction
equations fitted alongwith their accuracy for Karan Swiss and

Karan Fries breeds are presented in Table 40,



Best prediction reqression equations hcc?racy
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Table 40. Prediction equations and their accuracy for prediction of lactation milk yield under forteightly stratified randow sampling scheme

Breed
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Breed  No, of Best prediction reyression equations - hecuracy
test records

1S = Bf.i% igi W38T2 ¢ L3ATH ¢ 2,1277 0 1.6579 + 149710 + 16712 ¢ 135713 + 2.19715 + 139817 + 1.28718 + 98.30

44 11 t= 18, Eifi?l WJ9T1 + 21613 4 13675 + 1.6276 + 19478+ 183710 + 2,37712 + 2.45715 + 171116 + 1.33718 » 98.33

Both Y= Tl Eg ig? W12 ¢ 2.00T4 4 L3676 ¢ 15T + 13879+ LLSITI0 ¢ L7ITI2 + LS4TUA + 1, STIS + 2.10717 » 93.4¢

18 t s 7? ggriﬂl l{T%lil; SATH £ 1SBTD ¢ LT + 14818 + L34TI0 ¢ 171712 + 132113 + 2,19015 + 135747 » 98.47

44 12 b= 7?‘§grial+szi;+1§ 1883 + 10475 & 15976 + 1,947 + L1.65T10 v L. 74712 + 143713 + 1,98745 + 1.58716 + 98.54

Both V= 7216 ¢ 32472 + 20004 ¢ 14276 4 1,54T7 + L.48T0 + 147710 + L.75702 + 1.49104 + 1.51?15 1.3 98.64
L. 06718 + 1.48T19

18 ' t= 5{ ggf;sﬂ 9}Ti2+1%.4912 +1,9674 + 1.5875 + 1, TﬂT7 + 1.4519 + 1.43110 + 1.67712 + 1 83T3 + 215715 + 98.65

17 13 t= 7% %Er{al lgT%Q;lg 211 ; 1,375 + 1.5976 « 18719 + 179710 + 1, T1T12 + 141713 + 1.97115 + 1,59716 + 98.66.

+ '

Both Y= 84,50 4 0.8571 + I, 53?2 1 1 9574 ¢ 1LH4TE + 1,517 + L4519 o 1.50710 + 1.80712 + 1.4BT14 + 1.81715 + - 9.7
1.52T17 + 1.0071§ ¢ 1.4571

18 ts 5; ;griau+9gT%5;l£ 4BT2 + 1 54?4 11,5975 + L7179 + 1.47T00 ¢ 171712 + 140713 + 2.18M15 + 1,297 + 98,175

Xe 14 T= 5825 ¢ 9.3411 + 0, 91 2 ' l TST3 ' l 21T5 + 1,5206 + 19178+ 185710 + 1.65712 + 149713 » 2.01715 + .74

' ‘ 1.53116 + l 19T13 i ﬂ $4719 +

Doth Y= 54,30 4 0,787] ¢ ),2092 ¢ ], 1673 ' 1 42?4 £ 13586 ¢ 1 A3RT # LLASTS 5 LLATRL0 ¢ 1,B2M12 + 15404 ¢ 98.87
1.83715 + 1. 47?17 1.08T18 + {,44119

I8 Y= 5240 ¢ 0.84T1 + 1.0812 + 1, 13?3 + 1,104 + 1 46T5 + 1,6017 ¢ 1. iETS + 148710 + 1.66%12 + 1.44%13 + 98.86
2.20045 + 1,29717 ¢+ 1,25718 + 0. 92?19 + 0.6

44 15 Y= 60,04+ 0.8971 + 0,961 ) 1.69T f l. 75 4 l 55?6 + 19178 ¢ 1.B3T10 + 161712 + 1.48713 + 1.81715 + 38,81
1.02116 + 0 98T18 + 0,93719 +

Both Y= 52,23 ¢ 07671 ¢ 10972 ¢+ 1, 29?3 ! I.IIT# LG ¢ 14007 1 679+ 15T ¢ LB2T12 ¢ LBATIE ¢ $8.97
1.85T15 + 143717 + 103718 + 0, 92119 + 0.63720

Coﬂtd..nou
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For Karan Swiss it was found that when a single test record
was uséd for prediction of lactation milk yield, the 13th
fortnight's =atratified random sampled test record gave highest
accuracy (68.12%) of fitting., When two test records were used
for prediction of lactation yield, it was found that the 4th and
13th feortnight's test records gave higheét accuracy {(85.55%) of
prediction. These two best combinations of test records gave
higher (17.35%) acéuracy than single test record sampled.
Further when three samples were chosen, the highest accuracy
(91.37%) of fitting the multiple regression nmodel was obtained
for test records: drawn randomly during -4th, 13th and 18th
fortnight. These three sample test records combination gave 6,22
per cent higher estimate of coefficient of determination than two-
test record combinations. When more number of test records were
chosen for ‘prediction, the accufacy of fitting " the multiple
régression models 1increased but at slower rate. When all 20
fortnightly test records were considered, the highest accuracy
{99.23%) of fitting the prediction equations was o¢bserved in

Karan Swiss breed.

In case of Karan Fries cattle, it was found that when a
single test record was used for prediction of lactation yield,
the 12th fortnight's systematic sampled test record gave highest
accuracy (6B.47%) of fitting the regression model. When two test
records were used for prediction, it was found that the test
records during 3rd and 12th fortnight gave highest accuracy
(84.02%) of fitting. Further when three samples were chosen, the
highest accuracy (91.65%) of fitting the multiple regression
model was obtained for test records drawn randomly during 3rd,
12th and 19th fortnight. When more number of test records were
chosen for prediction, the accuracy of £fitting the multiple
regression models increased but at slower rate. When all 20
fortnightly test records were considered, the highest accuracy
(99.14%) of fitting prediction equations was found in Karan Fries
breed (Table 40). -
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It is thus seen from Table 40 that two records drawn at
random during 4th and 13th fortnight or three records taken
during 4th, 13th and 18th fortnight for Karan Swiss breed and in
the same way two records taken at random during 3rd and 12th
fortnight or three records taken during 3rd, 12th and 18th
fortnight for Karan Fries breed would be adegquate for prediction
of first lactation milk yield based on fortnightly stratified

random sample test records.

4.7.3 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK
YIELD ON THE BASIS OF FORTNIGHTLY PART LACTATION YIELDS

The forward selection stepwise regression analysis models
were fitted to predict the lactation milk yield considering the
various .qombinations of fortnightly part lactation yields. The
prediction equation which required ninimum number of: fortnightly
. part yield records and gave sufficiently high (above 90%)
‘accuracy of fitting the mutliple regression model was considered
to be optimum. The prediction equations fitted alongwith their
accuracy for Karan Swiss and Karan Fries breeds are given in
Table 41.

It was found that when only one fortnightly part yield
record was used for prediction of lactation milk yield in Karan
Swiss, the 13th fortnightly part yield gave highest accuracy
(72.83%) of fitting. When two fortnightly part yield records
were used for prediction of lactation yield, it was found that
4th and 13th fortnightly part vield gave highest accuracy
(90.61%) of fitting. Further when three samples were chosen, the
highest accuracy (95.71%) of fitting the regression model was
obtained during 4th, 13th and 17th fortnightly part vyields in
Karan Swiss breed. When more number of lactation records were
chosen for prediction, .the accuracy of fitting the multiple
regregsion models increased but at slower rate. When all 20
fortnightly part vyields were considered, the highest accuracy
{99.91%) of fitting the prediction equation was observed in Xaran

Swiss breed.
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Table 41, Prediction equations and their accuracy for estimation of lactation wilk yield under fortnightly part lactation milk yield

Breed
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contd,eer.. table 41

Breed  No. of Beat prediction regression equations Accuracy
test records (%]

X8 ¥ 2% g}P; 1,06P1 ¢+ 14292 + 2.1724 + 1,9006 + 1,88P8 + 2.63P10 + 2.36P13 + 2.17p15 + 2.16P17 + 1,43P19 » §9, 64

{] 11 - 23 gg 501 L3621 # 2,36P3 + 23405 + 2.34P8 + 2,05P10 + 2,05P12 + 2,56P14 ¢ 2,27P17 + 0.94P18 + 0.98P19 ¢ 49,67

Both 1: 25 gﬂ + 1 41R1 #+ 2,2603 + 2,43P5 + 2,2078 + 212010 ¢ 0.99p12 + D.5TP14 + 2,24P17 + 0.91P1F + 1.01P10 ¢ 99,69

ES Y= If'g}Fi 1. ﬂgP%5;21 ABP2 ¢ 2,16P4 4 1.94P5 ¢ 1.9208 + 1.51P10 + 1. 49P11 + 1,96P13 + 2,15P15 + 2.17p17 + 99,71

KF 12 Y- 1{:%3PI91 41?17'25 2993 4 23705 + 2,38P8 ¢ 2.09P10 + 2.02p12 + 1.54PL4 + 1.48015 » 1.82P17 + 0.90p18 + 9.1

foth Y= 2?'agpigl+4aPl 1 % JHPY + 2455 42,2008 & 2.14P18 + ], 95P12 + 1,50004 » 1.53P15 ¢ 1.78P17 + 0.00P18 + 99.76

kS Y= 20,07 + 09991 + [.47P2 + 2.09P4 + 20006 + 1.96P8 + 1.48P10 + 1.48PL1 + 1,98P13 + 2.17P15 + 1,65P17 + 99,77

- 0,82P18 + 1.0%P19 + 0,58p20

14 13 Y= 10,26+ 1,43P0 3 0, 26?3 41,9295 + 1.43P7 & 14260 + 2.07P10 + 2,00P12 + 1.59P14 + 1.46P15 ¢+ 1,81P17 + 19,78
ﬂ.ﬂ?Pls + 0. 99?19 0,570 .

Bath Y= 2.89 + 1.43M1 22?3 + 19805 + 1407 + £.43P8 + 2,09P10 + 1.95P12 + L.57P14 ¢ 1,47P16 +.1.76P17 + 99,80

‘ ﬂ.GZPls ¢ 1. ﬂ#PI? + 0.56p20

15 Y= 20,31 + 0.98P1 + 1.52P2 + 2, BTP4 + 1,99P6 + 1,9690 + 1.47P8 + 1.50P1) + 1.52P13 + (.$9P4 .
Ligsp17 5 0.31018"S Ll . Samie PRl 0.1

¥F 14 Y= 16,00 + 1,41P1 ¢+ 1 1P + 1, 96P5 t l.]BP? » 1,45P8 + 2,06PL0 + 1,6012 + 1,06P13 + 0, 89p14 + 152015 + 19,81
1.79p17 + ﬂ 91? ¥ 1.02P19 + 0,.57P20

Both Y= (18,70 + 1.07P1 + 0.99P2 + |, 66P3 + 1,975 ¢ 14207 + 1 40P9 + 2.12700 + 1.93P12 + 1.62PL4 + 1, 47P15 + 99.82
1.76P17 + ﬂ 91?1& + 1.03P19 + 0.56p20.

1] Y= 21,00 + 1.00P1 ¢ 1.4992 + 2.00P4 + 2, UBPE t l.SUPB + §.5210 + 0,9BP11 + 0.97P12 + 1.00P13 + £,05P14 + 99,52
1.61PL5 + 1.66P17 + 9,82P16 + 1,11p19 +

114 1% = 13.40 + 1.4781 ¢ 22403 + 1,925+ 1, ETPT 4 l SUPG t 1.56p00 « 1.00Pi1 + 1.04P12 + L.19P12 + 0.82914 + 99.83
150015 + 1,78p17 + 0,92P18 + |, 02P19 fe20

Both Y= 1890 4 1.04) ¥ 08103 5 1.64P374 1,990 5 ; 1 4397 + 1.39P6 + 2,10P10 + 1.92P12 + 1.65P14 + 0,%3P15 + 99,84
0.91P16 + 1.34P17 + 0.92P16 4 1 03919 + 0.56020

contd".ill'

TLE



contd.... table 4[ .

Breed  Ho. of Best prediction reqression equations dccuracy
: test records £]]
£ Y= 2{.40 % 1.07P1 ¢ Q.94P2 + 1.07P3 ¢ 1, 49P4 + 1,906 + 1, 9008 + 1,55P10 + 0,97P11 + 0.99P12 + £.93P13 + 9%.85
1. [8P14 ¢ 1, 51915 P 168017 4 0,858 + 11019 + 0.56P20

i 16 t= 11,82 4 1,1IP1 + 0.86P2 + 1,683 + 1,92P5 + 1.40P7 + 1,4506 + 1.64P10 + 0.99p11 + 1.03p12 + 1,11713 ¢ 99,85
0,91p14 + 1.46P15 + 1,81P17 + 0.92Pi8 + 1.02P19 + 0.58pP20

Both Y= 17,02 + 1,001 + 0,94P3 + 1,65P3°+ 1,9705 + 14397 ¢ 1, 4&?& t 1.60P10 + 0.94P11 + 1.48P12 + 1,56p14 + 94,86

' 0,91915 + 0,93p16 + 1,34P17 + ., 92P18 + (.03P19 + 0.58PZ0

b5 T= 2{.60 ¢ 1.6501 + 0,98P2 + 1,02P% » 1.5??4 + 1.94P6 + ]1.9308 ¢+ 1, 5JP10 $ 0,99P11 + 0,99P12 + 094713 ¢+ 99,86
L.09P14 + 1,06p15 + 0,89P1F + 1,31017 + 0.85P14 + 1.D9PL9 + 056

kP 1? Y= 0.7+ 1,120 + b, 85P2 + 1,69P3 ¢71,92P5 + 1.43p7 + 1,D6P5 + 4, 39P9 + LJ1P10 + 1,03P11 + L.02M2 99.87
1,07813 + 0,%4p 1 + 1.44015 + 1,82817 + 0,92018 + 101010 » 0.5920 J

Both Y= 16,32 ¢+ 1,051 + 0,93P2 + 1,61P3 ¢ 2,0305 + 1,37P7 + 1,48P8 + 1,56P10 « {,00P11 + 1,02012 + 0,94P13 + 99.88
L2014 + 0,96R15 4 0,92016 + 1.33p17 + 0.91218 + 1.0316 157, 99010

18 = 20.87 ¢ 1.04p1 ¢ 0,99P7 + 1,03P3 + 1.04P4 + 1,13P5 + 1.33P6 + 1,9608 + 1,49P10 + 1.00P11 + 0,99p12 + 99,09
0,88p13 ¢ 1, USPlt « 102015 » 0.95P16 + 1.30P17 + O.BTPLE + L.07P19 » 0.57P20

FP 18 = 1000} ¢ 11081 + 0,860% + 1,6993 + 1,93P5 + 1.44p7 + 1,019 ¢ 0,9609 + 1.06P10 + 1.05011 + 1. 1P v 99,99
1.0L1P13 + 1,04P14 + 0,97015 + 0.84PL6 + 1.39P17 + .93PL8 + 1,01p19 + 0.59%20

Both Y= 14,84 4 1,051 + 0.9403 + 1,61P3 ¢ 2,025 + 1,4107 +1,0208 + 0,90P% + 1. 08p10 + 1.03P11 + 1.00P12 ¢ 95.80
0.93P13 + 1.12P14 ¢ 0.92p15 + 0.96P16 + 1.29017 + 932008 + L.03019 + 0.58720

4] Y= 20,18 ¢ 10201 + 1,00P7 + 1,04P3 ¢ 0,9994 + 1,1305 + 0.9306 + 0,9007 + 1.52P8 + L. 46P}0 ¢ 0,99P17 + 99,90
D.92813 + 1,14P14"» 0,965 + 0.90P16 + 1,27017 + 0,878 + 1.08P10 + 0.57v20

KP 19 Y= 000 ¢ 14400 + D, 90 P2 + 1,08P3 » 1,00P4 + 1,49P5 + 1,44D7 + 1,00P8 + 0,93 99 + 105010 + 1.00P11 + 99,99
102012 + 1,01P13 + 1,01p14 + D, 90P15 + 136817 + 0.92L8 + 1,02P19 + 0.5820

Both Y = 14,67 + 1,061 + D, 95p2 + 1,0803 + 0,96P4 + 15705 + 1,4097 + 1.01P8 + 6.91P9 + 1,07P10 + 1.07P11 + 99.91.
1.01Pi2 + 0.94p13 ¢ 1,10P14 + 0,8215 + 1,00816 + 128807 + 0.9Ipi8 1.04219 + 3.58020 .

1S Y= 20,43 ¢ 1,00P1 ¢ R.03P2 + 1.04P7 ¢ 0.99P4 + 1. 00P5 + 0.9306 + §,95P7 + 10508 + 0,.85P9 ¢+ 1.05p1D ¢ 9%.91
L0210 + 1, 01?12 e 0,94013 + 1.12p14 + 0, 9??1% + 1.01pl6 + 1,22p17 + 0.90P18 + {, 03P19 + 0.57020

3 20 Y= 1130+ 1.12p1 + D,9302 + 1,04p3 v 10504 + 1,00P5 + 0,85P6 + 0,98P7 + 1.0008 + 0,99P9 ¢ 1.,03p1D ¢ 99,92
1.06211 + 1.01P12 + 0,95013 ¢+ 1,02Pt4 + D.97P1S + 0.96P16 + 1,33p17 + (.01P18 + 1, ﬂSPIq + 0,57P20

Both Y= 15.33 ¢ 10700 + 0,903 + 1,0503 ¢ 1,024 + 1,005 + 0,9106 + 0,34B7 + 1.0408 + 0, 9279 + 1,05P10 + 99,92
1,04P11 + 1, nnplz ¢ 9.32P13 v 10814 + 0,95015 + G.99P06 ¢ 1.27PED «30.50PL8 + 1,05P19 + £.58P20

Bi = part yield during i ib fﬂrtnlght {i-= l vear 200 - ko
" = predicced lactation ilk yield (P¥Y} - kg

VLT
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In case of Karan Fries when a single fortnightiy part vield
record was used for prediction, the 12th fortnightly part yield
provided highest accuracy (74.33%) of prediction. When two
fortnightly part yvields were used for prediction, it was found
that the part yield records during 3rd and 12th fortnight gave
highest accuracy (88.82%) of fitting. . Further when three
fortnightly part records were considered, the best équations
involved 3rd, 12th and l?th fortnightly part yields which gave
highest accuracy (95.71%) of estimation of lactation yield. When
more number of parf-'yields were considered as independent
variables, +there was increase in accuracy of prediction but at
glower rate. When all 20 fortnightly part vields ~were
considered, the highest accuracy (99.92%) of fitting the

prediction equation was found in Karan Fries breed.

It is thus seen from Table 41 that two part records taken
during 4th- and 13th fortnight or three part records taken at
randomly during 4th, 13th and 17th fortnight for Karan Swiss
breed; and two part records taken at randomly during 3rd and 12th
fortnight or three part reéords taken during 3rd, 12th and 17th
fortnightly part yield for Karan Fries breed would be adequate
for prediction of first lactation.milk vield based on fortnightly
part yields. ' '

Digcugsion on optimum combination of fortnightly test records

When a single record was considerea, it was found that 13th
fortnightly test record under systematic sampling and 12th
fortnightly test record under stratified sampling and 12th
fortnightly ‘part milk yield were found to give highest accuracy
(R2) of prediction (69.56, 70.50 and 75.06%, respectively). When
two fortnightly test records and fortnightly part yieids were
taken, the best multiple regression equations were found to be
those utilising 4th and 13th fortnightly record under systematic
sampling, 4th and 12th fortnightly record under stratified random
sampling and 3rd and 12th fortnightly part yield; the accuracy of
prediction- .being 87.20, 84.74 and 89.21 per cent, respectively..
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When three test records were considered, the best equationé
involved 4th, 13th and 17th fortnightly yields under systematic
sampling, 4th, 12th and 17th fortnightly record under stratified
and 3rd, 12th and 17th fortnightly part yields; their accuracies
of prediction being 93.02, 93.11 and 96.11 per cent,
respectively. When more number of test records or part' records
were considered as independent variables there was increase in
accuracy of prediction but at slower rate.

Saigaonkar et al. (198l) found that the two records during
6éth and 8th fortnight gave highest accuracy (76%) of prediction
of 26 fortnights® milk yield in Sahiwal cattle. Nagarcenkar and
Basavaih (1981) repcrted that a single part record during 1l1th
fortnight was best predictor for lactation milk yield in Murrah
buffaloes. | '

It may be concluded on the basis of present investigations
that in order to estimate first lactation milk yield, two records
taken randomly during 4th fortnight and 12th or 13th fortnight or
three records taken during 4th, 12th or 13th and 17th fortnight
would be adequate for prediction of first lactation milk yield in

field conditions in crossbred cattle.

4.7.4 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK
YIELD ON THE BASIS OF MONTHLY SYSTEMATIC SAMPLED TEST

RECORDS

Forward selecticn stepwise regresslion models were fitted to
predict the lactation milk yield considering the various
combinations of test records drawn under monthly systematic
sampling scheme. The prediction equation which required minimum
number of test records and gave sufficiently {(above 90%) accuracy
of fitting the multiple regression model was considéred to be
optimum. The prediction equations fitted alongwith their
accuracy for Karan Swiss and Karan Fries breeds are given in

-Table 42,
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In cage of Karan Swiss cattle, it was found thét when only
one test record was used for prediction of lactation yield, the
7th month systematic sampled test record gave highest accuracy
(68.93%) of fitting. When two test records were used for
prediction of lactation yield, it was found that the test record
during 2nd and 7th month determined highest accuracy (85.33%).
Further when three samples were taken,” the highest accuracy
(91.50%) of fitting the regression model was obtained for test
records drawn during 2nd, 7th and 9th month. When more number of
test records were considered as independent variables, there was
increase in accuracy of prediction but at slower rate. When all
10 monthly test records were considered, the highest accuracy
(98.10%) of fitting the prediction equations was obtained (Table

42).

In case of Karan Fries cattle, it was found that when one
test record was taken as independent variable, the 7th month test
record under systematic sampling scheme gave highest accuracy
(68.13%) of prediction. When two test records were used for
prediction, it was found that the test records during 2nd and 7th
month gave highest accuracy (86.86%) of fitting. Further, when
three samples were chosen, the highest accuracy (91.40%) of
fitting the regression model was obtained for test records drawn
during 2nd, 7th and 9th month. When more number of records were
considered as independent variables, there was increase in
accuracy of prediction but at slower rate. .When all 10 monthly
systematic test records were considered, the highest accuracy
{98.13%) of fitting the prediction equations was found (Table
42) .

It is thus seen from Table 42 that two records drawn
randomly during 2nd and 7th month or three records drawn during
2nd, 7th and 9th month for XKaran Swiss and Karan Fries breeds
wonld be adequate for prediction of first lactation milk yvield.
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4.7.5 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK
YIELD ON THE BASIS OF MONTHLY STRATIFIED RANDOM SAMPLED

TEST RECCRDS

The forward selection stepwise regregsion apalysis models
were fitted to predict the lactation milk yield considering the
various combinations of test records dfawn under stratifiéd
random sampling scheme. The prediction equatiohs which required
minimum number of test records and gave sufficiently high (above
90%) accuracy of fitting the multiple regression model was
considered to be optimum. The prediction eguation alongwith
their accuracy for .Karan Swiss and Karan Fries breeds are

presented in Table 43

In case of Karan Fries, it was found that when a single test
record. was used to predict the lactation yvield, the 7th month
stratified random sampled test record gave - highest accuracy
(69.05%) of fitting. When two test records were taken as
independent variables, it was found that the best equation
involved 2nd and 7th month test record and gave highest accuracy
(87.37%) of prediction of lactation milk yield. Further when
three test records were taken as independent variables, the
highest accuracy (90.82%) of fitting the multiple regression
model was obtained during 2nd, 7th and 8th ‘month. When more
number of test records were considered aé independent variables,
there was increase in accuracy of prediction but at slower rate.
When all 10 monthly stratified random sampled test records were
considered, the highest accuracy (97.79%) of fitting the

prediction equations was observed (Table 43).

In the same way, in case of Karan Fries when a single test
record was used for prediction of lactation yield, the 6th month
stratified random sampled test record determined highest accuracy
(67.72%) of fitting. When two test records were considered as
independent variables, it was found that 2nd and 6th month test
records gave highest accuracy (81.13%) of prediction. Further,
when three samples were chosen fo; prediction, the highestl
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accuracy (90.85%) of fitting the multiple regression model was
obtained during 2nd, 6th and 9th month. When more number of test
records were considered as independent variables, there was
increase in accuracy of prediction but at slower rate. When all
10 monthly test records were considered, the highest accuracy
{97.54%) of fitting prediction equations was found (Table 43).

It is thus seen from Table 43 that_£WO records taken at
random during 2nd and 7th month or three records taken at random
during 2nd, 7th and 8th month for Karan Swiss, and two test
records taken at random during 2nd and 6th month or three test
records taken randomly during 2nd, 6th and 9th month for Karan
Fries breed would be adequate for prediction of first lactation

vield based on monthly stratified random sampled test records.

4.7.6 BEST PREDICTICN EQUATIONS FOR ESTIMAIIOH OF LACTATIOH MILK
YIELD ON THE BASIS OF MONTHLY PART YIELDS -

Linear and multiple linear régression equations were fitted
to predict the lactation milk yield considering the various
combinations of monthly part records. The prediction equation
which regquired minimum number of monthly part records and gave
suff1c1ently high (above 90%) accuracy of fitting the multiple
regression model was considered to be optimum. The forward
selection stepwise regression analysis models were fitted to get
the best combinations of part yields. The prediction equations
fitted alongwith their accuracy for Karan Swiss and Karan Fries

breeds are presented in Table 44.

In case of Karan Swiss it was found that when only one part
record was taken as independent variable, the 6th monthly part
"vierld record gave highest accnracy (73.70%) of fitting. When two
part records were considered as independent variables, it was
found that part records during 2nd and 6th month gave the highest
accuracy (87.33%). Further when three part records were chosen,
the highest accuracy (96.11%) of fitting the multiple regression
model was obtained for part records taken during 2nd, 6th and 8th
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month. When more nunber of part records were coneidered as
independént variables, there was increase 1in accuracy of
prediction but at slower rate. When all 10 monthly part yields
were considered as independent variables, the highest accuracy
(99.56%) of fitting the eguations was obtained (Table 44}.

In case of Karan Fries when a single part record was used
for prediction, the 6th monthly part vield determined highest
accuracy (75.47%) of prediction of lactation nilk yield. Whien
two monthly part records were considered as independent
variables, it was found that the part records during 2nd and 6th
month gave highest accuracy (87.77%) of fitting. Further when
three monthly part yield records were considered as independent
variables, the best eguations involved 2nd, 6th and 9th monthly
part vields which gave highest accuracy (95.78%) of estimation of
lactation milk yield. When more number of part records were
considered as independent variables, there was increase in
accuracy for prediction of lactation milk yield but at slower
rate. When all 10 monthly pért vields were considered, the
highest 'accuracy {99.58%) of fitting the equations was obtained
(Table 44). '

It is thus seen from Table 44 that two part records téken
during 2nd and 6th month or three part records taken during 2nd,
6th and 8th month for Karan Swiss breed; and two part records
taken during 2nd and 6th month or three part records taken during
2nd, 6th and 9th month for Karan Fries breed would be adequate

for prediction of lactation milk yield.

Discussion on optimum combination of monthly records

In both breeds, it was found that when one record was taken
as independent wvariable, the 7th month test record under
systematic and stratified random sampling scheme and 6th month
part milk yield were found to be best and gave accuracy of
prediction of 70.43, 70.43 and 76.53 per cent, respectively.
When two records were taken as independent wvariables, it was
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found that the best equation used 2nd and 7th month under
systematic and stratified random sampling schemes and 2nd and 6th
month part milk yield, the accuracies of prediction being 88.07,
B8.07 and 88.88 per cent, respectively. When three records were
taken as 1independent variables, the best prediction 'equations
utilised 2nd, 7th and 9th month test records under systematic and
-gtratified random sampling schemes and 2nd, 6th and 9th month
part milk vyield; the accuracy (R2] of prediction were 92.34,
92.34 and 96,33 per céﬁt, respectively.

VanVleck and Henderson (1961c) reported that the best single
month for esﬁimating complete lactation yield were fourth, fifth
and sixth months by regression method in Holstein Friesian cows.
Gokhale (1974) studied the reliability of part lactations in
estimating \the_tdtal first lactation yield which revealed that
amongst single monthly yields, 5th “month'’s production showed
highest accuracy (66.%0%). He also found the best combination of
two parﬁ records to be 4th and 6th monthly part yield which gave
a fair degree of accuracy (73.57%) for prediction of the
lactation milk yield in Murrah buffalées. Abdel-Aziz et al.
(1975} found that the best single months for predicting 12 months
vield were seventh and eighth with ccefficient of determinations
of 0.36 and 0.38 respéctively in Egyptian buffaloes. Tahir et
al. (1983) found the best prediction regression equation to . be
the one which used fourth month part lactation yield which gave

72.42 per cent accuracy of fitting. Do et al. (1986} observed
that total lactation yield was best predicted by simple
regression on monthly yields in months five to six (®? = 87%);

when two records of monthly cumulative yvyields were taken during
first and fourth month, there was high accuracy (91%) of fitting
the multiple regression model in Holstein-Friesian cows. Butta
and Pandey (1989) found that 90 days and 120 days vyield gave
generally higher accuracy of fitting the regression model. Roy
and Katpatal (1989) used the regression method for predicting 300
days milk yield from monthly part records. Among the single
monthly part yields used for predicting lactation -yield, the -
highest accuracy (74%) was obtained for 4th month followed by 5th
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month (72%). Sushil Kumar {1990) found the part yields of 120
days to 150 daye to be adeguate for predicting lactation yield in
Sahiwal cattle.

The results reveal that two records drawn randomly during
2nd and 6th month or 7th month and three records drawn randomly
during 2nd, 7th and 9th month would be adequate for estimation of

" first lactation milk yield in field conditions,

4.7.7 BEST PREDICTIDN .EQUATIOHS FOR ESTIMATIDN OF LACTATION MILK
YIELD ON THE BASIS OF BIMONTHLY SYSTEMATIC SAMPLED TEST
RECORDS

«

Forward selection stepwise regression models were fitted to
predict the lactation milk yield considering the various
combinations of test records drawn under _bimonthly systematic
sanpling scheme. The prediction equation which required minimum
nunber of test records and gave sufficiently (above %0%) accuracy
of fitting the multiple regqression model was considered to be
optimum.  The prediction equations fitted alongwith their
accuracy for Karan Swiss and Karan Fries breeds are given in
Table 45.

In case of Karan Swiss, it was found that when a single test
record was used for prediction of lactation yield, the 4th
bimonthly systematic sampled test record gave highest accuracy
(66.21%) of fitting. When two test records were .considered as
indépendent_ variables, it was found that the test record during
lst and 4th bimonth determined highest accuracy (86.18%).
Fﬁrther, when three samples were chosen, the highest accuracy
(90.40%) of fitting the regression model was obtained for test
records drawn during lst, 3rd and 4th bimonth. When four test
records were considered as independent variables, there was
increase in accuracy of prediction but at slower rate. When all
five bimonthly test records were considered, the highest accuracy

(94.61%) of fitting the prediction equationg was obtained.



Table 45. Prediction equations and
ing scheme

sampl ing

their accuracies for estimation of lactation milk yield under bimonthly systematic

Breed No. of test Best prediction ecuations Accuracy
records (%)
Ks Y = 1195.54 + 3.03x4 66.21
KF 1 Y = 1089.71 + 3.24X3 66.04
Both Y = 877.29 + 3.44X3 68.42
KS Y = 370.74 + 1.73X1 + 2,40%X4 86.81
KF - 2 Y = 910,50 + 2.75X3 + 1.10X%5 78.55
Both Y = 323.54 + 1.49X1 + 2.58x3 80.18
KS Y = 226.63 + 1.42X1 + 1.24X3 + 1.76X4 90.40
KF . 3 Y = 347,25 + 1.30X1 + 2,12¥3 + 1.01X5 88,47
Both Y = 225.41 + 1.45X1 + 1.26X3 + 1.75%4 91.11
KS Y = 210.53 + 1.35X1 + 1.35X3 + 1.26X4 + 0.62X5 92,98
KF 4 Y = 281.18 + 1.35%1 + 1.40X3 + 1.19%4 -+ 0.60X5 92.53
Both Y = 207,15 + 1.38%X1 + 1.39X3 + 1.24%4 + 0,61%5 93.43
KS Y = 175.73 + 0.97X1 + 0.85X2 + 0.93¥3 + 1.20%X4 + 0,66X5 94,61
KF 3 Y = 211.70 + 0.98X1 + 0.8%X2 + 0,90X3 + 1.20X4 + 0.67X5 94,62
Both Y = 165.15 + 0.99X1 + 0.89X2 + 0.92X3 + 1.21%4 + 0.67X5 85.14
X{ = test record yield during i’ month (i = 1, ..., 5) - kg
Y = predicted lactation milk yield (PMY) - kg

981
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In case of Karan Fries when only one test record was used to
predict the lactation yield, the 3rd bimonthly systematic sampled
test record gave highest accuracy (66.04%) of fitting the
regression model. When two test records were considered as
independent variables, it was found that the test records during
3rd and 5th bimonth determined highest ~ accuracy (78.33%) of
prediction. Further when three samples were cheosen, the highest
accuracy (88.47%) of fitting the regression medel was obtained
for test records drawn during lst, 3rd and 5th bimonth. When
four test records were used for prediction of the lactation
yvield, there was increase in accuracy but at slower rate. When
all five bimonthly systematic test records were considered as
independent variables, the highest accuracy (94.62%) of fitting

the eguations was obtained (Table 45).

It is thus seen from Table 45 that two test records taken at
random during Ist and 4th bimonth or three tesf records taken
randomly during lst, 3rd and 4th bimonth for Karan 8Swiss breed
and two test records taken during 3rd and 5th bimonth or three
test records taken during lst, 3rd and 5th Dbimeonth for Karan
Fries breed would be adequate for prediction of first lactation

vield,

4.7.8 BEST PREDICTION EQUATIONS FPOR ESTIMATION OF LACTATION MILK
YIELD ON THE BASIS OF BIMONTHLY STRATIFIED RANDOM SAMPLED
TEST RECORDS

Linear and multiple linear regression equations were fitted
to predict the lactation milk yield considering the <various
combinations of test records drawn under stratified random
sampling scheme. The prediction equation which required minimum
number of test records and gave sufficiently high (above 90%)
accuracy of fitting the multiple regression model was considered
to be optimum. The forward selection stepwise regression
analysis models were fitted to get the best combination of test
records. The prediction equations along with their accuracy for

Karan Swiss and Karan Fries breeds are presented in Table 46.



Table 46. Prediction equations and their accuracies for estimation of lactation milk yield under bimonthly
gtratified random sampling scheme

Breed No. of test Best prediction equations Accuracy
) records , (%)
KS Y = 1290.87 + 2.86T4 66.21
KF 1 Y = 12057.41 + 3.04T3 67.97
Both Y = 1000.69 + 3.23T3 68.99
KS Y =  542.12 + 1.91T2 + 2.06T4 85.29
KF 2 Y = 1043,90 + 1,92T2 + 1.58T4 78.55
Both Y = 883,65 + 1.97T3 + 1.69T4 80.14
KS "y = 350,30 + 0.98T1 + 1.24T2 + 1.95T4 89.37
KF 3 Y = 436,00 + 1.31T1 + 1.28T3 + 1.60T4 88.85
Both Y = 368.32 + 1.35T1 + 1,28T3 + 1.60T4 90.00
KS Y =  315.10 + 0.92T1 + 1.33T2 + 1:69T4 + 0.44T5 91.47
KF 4 Y = 403.08 + 1.30TL + 1.38T3 + 1.25T4 + 0.4275 91.00
Both Y = 292.76 + 0.94T1 + 0.91T2 + 0.88T3 + 1.60T4 92.01
KS Y = 254.42 + 0.89T1 + 0.98T2 + 0.90T3 + 1.28T4 + 0.47T5 93.57
KF 5 Y = 292,65 + 0.81TL + 1.04T2 + 0.95T73 + 1.20T4 + 0.50T5 93.80
Both . Y = 250.52 + 0.87T1 + 1.02T2 + 0.93T3 + 1.25T4 + 0.48T5 94,35

test record vield during ith month (1 =1, ..., 5) - kg
predicted lactation milk yield (PMY) - kg

e
It 1l

281
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In cagse of Karan Swiss, it was found that when only one test
record was taken as independent variable, the 4th bimonthly
stratified random sampled test record gave maximum accuracy
(66,21%) of fitting. When two test records were used to predict
the lactation milk yield, it was found that test records during
2nd and 4th Dbimonth determined highest accuracy (85.29%) of
fitting. Further when three samples were chosen, the. highest
accuracy (89.37%) of fitting the regression model was obtained
for test records drawn during 1lst, 2nd and 4th bimonth. When
four test records were..considered as independent variables, there
was increase in accuracy for prediction but at slower rate. When
all five bimonthly test records were considered, the highest
accuracy (93.57%) of fitting the prediction equations was

obtained.

In case of Karan Fries, when only one test record was used
to predict the lactation yield, the 3rd bimonthly stratified
random sampled test record gave highest accuracy (67.97%) of
fitting the regression model. When two test records were
considered as independent variables, it was found that the test
records during 2nd and 4th bimonth gave highest accuracy (78.9%4%)
of fitting the regression model. Further, when three samples
were chosen, the highest‘ accuracy (88.85%1. of " fitting the
multiple regressidn models was cobtained during 1lst, 3rd and 4th
bimonth. When four test records were used for prediction of the
lactation vyield, there was increase in accuracy but at slower
rate. . When all five bimonthly stratified random sampled test
records were considered as independent variables, the highest
accuracy (93.80%) of fitting the eguations was obtained (Table
46).

It is thus seen from Table 46 that two test records taken at
random during 2nd and 4th bimonth or three test records .taken
randomly during lst, 2nd and 4th bimonth for Karan Swiss breed:;
and two test records taken randomly during 2nd and 4th bimonth or
three test records taken randomly during lst, 3rd and 4th bimonth
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for Karan Fries breed would be adequate for prediction of first

lactation yield.

4.7.9 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK
YIELD ON TBE BASIS OF BIMONTHLY PART LACTATION YIELDS

Linear and multiple linear regression. equations were fitted
to predict the lactation milk yield considering the wvarious
combinations of bimonthly part records drawn. The prediction
eduations fitted alofigwith their accuracy for Raran Swiss and

Karan Fries breeds are presented in Table 47.

In case of Karan Swiss cattle, it was found that when only
one part record was used to predict the lactation yield, the 3rd
bimonthly part record gave highest accuracy (75.89%) of fitting,
When two part records were used as independent Variables,_it was
found that the part records dufing 1st and 3rd bimonth gave
highest accuracy (87.54%}. Further when three pért records were
chosen, the highest accuracy (96.18%) of fitting the multiple
regression model was obtained for part records taken during 1st,
3rd and 4th bimonth. When four part records were considered as
independent variables, there was 1increase 1in accuracy of
predidtion but at slower rate. When all five bimonthly part
vields were considered as independent variables, the highest
accﬁracy (98.51%) of fitting the equation was obtained in Karan
Swiss breed (Table 47).

In case of Karan Fries cattle, when a single‘part record was
used for prediction, the 3rd bimonthly part - vield determined
highest accuracy (77.49%) of fitting. When two part records were
considered for prediction, it was found that the part records
during 1lst and 3rd bimonth gave highest accuracy (87.46%) of
fitting. Further when three part records were considered as
independent variables, the best equations involved 1lst, 3rd and
4th bimonthly part records which gave highest accuracy (96.04%)
of estimation of lactation milk yield. W%hen four part records

were considered as independent variables, there was increase . in



Table 47. Prediction equations and their accuracies for estimation of lactation milk yield urder bimonthly part
lactation yield
Breed No. of test Best prediction equafions Accuracy
records (%)
KS Y = 731.96 + 3.67P3 75.89
KF 1 Y = 911.33 + 3.55P3 77.49
Both Y = 754.97 + 3.69P3 78.58
KS Y = 166,10 + 1.69P1 + 2.59P3 87.54
KF 2 Y = 214.02 + 1.62P1 + 2.68P3 87.46
Both Y = 157.72 + 1.68P1 + 2.65P3_ 88.84
KS Y = 149,20 + 1.72P1 + 1.13P3 + 1.66P4 86.18
KF 3 Y = 100.22 + 1.78P1 + 1.14P3 + 1.72p4 96.04
Both Y = 111.84 + 1.76P1 + 1.15P3 + 1.69p4 96.51
KS Y = 125.65 + 1.,67P1 + 1.30P3 + 1.31r4 + 0.40P5 97.72
KF 4 X = 72.24 + 1.78P1 + 1.41P3 + 1.23P4 + 0.42P5 97.86
B?th Y = 87.58 + 1,72P1 + 1.36P3 + 1.28P4 + 0.41P5 98,00
KS Y = 99.43 + 1.15P1 + 0,96P2 + 0.85P3 + 1.36P4 + 0.43P5 98.51
KF 5 Y = 69.47 + 1.21P1 + 0,93P2 + 0.89P3 + 1.35P4 + 0,46P5 98.66
Both Y = 78.76 + 1.18P1 + 0.95P2 + 0.87P3 + 1.35P4 + 0.45P5 98.73
p; = part lactation record yield during i'" month (i = 1, ..., 5) - kg
Y = predicted lactation milk yield (PMY) - kg

161
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accuracy of prediction but at slower rate. When all five
bimonthly part yields were considered, the highest accuracy

(98.66%) of fitting the equations was obtained (Table 47).

It is thus seen from Table 47 that two part records taken
during 1st and 3rd bimonth or three part records taken during
1st, 3rd and 4th bimonth for Karan Swisz and Karan Fries breeds

would be adegquate for prediction of lactation milk vield.

Discussion on  optimum prediction equation under bimonthly

‘sampling

In both the breeds, when a single record was considered, it
was found that the 3rd bimonthly test record under systematic and
stratified random sampling schemes and 3rd bimonthly part yield
gave highest accuraéy of prediction. The accuracy of prediction
‘being 68.42, 68.99 and 7B.58 per cent, respectively. When two .
bimonthly test records and bhimonthly part yields were taken, the
begst multiple regression equations were found to be those
utilising 1st and 3rd Bimonthly test record under systematic
gampling, 3rd and 4th bimonthly record undér stratified random
sampling and 1lst and 3rd bimonthly part yield; the accuracy of
prediction being 80.18, 80.14 and 88.84 per cent, respectively. .
When three test records were considered, the best equations
involved 1st, 3rd and 4th bimonthly records under systematic and
stratified random sampling schemes and 1lst, 3rd and 4th bimonthly
part yields; their accuracy of prediction being 91.11, 90.00 and
96.51 per cent, respectively. When more number of test records
or part records were considered as independent variables, tHere

was increage in accuracy of prediction but at slower rate.

Murthy et al. {(1986) reported that a sire index including
yields in days 61-120 and 121-180 explained 83.4 per cent of the
variation in lactationlyield and the same were recommended for
selection purposes in Surti buffaloes. They further reported
that the correlation coefficient of first bimonthly, =econd

bimonthly and third bimonthly part yields with 300 or less
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1

lactation yields were 0.84 + 0,03, 0.88 + 0.02 and 0.85 + 0.03,
regpectively (all the correlation estimates were highly
significant), thereby indicating their usefulnesgs in selection
programme aiming to improve 300 days yield. The prediction
egquation constructed and thus recommended was of the form Y =
114.88 + 2.29 X3 + 1.86 X4, where Y is 300.days lactation vyield,
X3 and X4 are third and fourth monthly .yields, respéctively.
Gokhale (1974) reported that the R® value of 70.64 per cent was
obtained in predicting lactation yield of Murrah buffaloes wusing
60 to 150 days part yiéld.

Since 80 to 90 per cent accuracy of prediction is considered
to be adequate, the results reveal that two records drawn
randomiy during 1lst and 3rd bimonth and three records drawn
randomiy during lst, 3rd and 4th bimonth would be adeguate for

estimation of first lactation milk yiéld in field conditions.

The following conclusions may be drawhl from the above

presentation:

(a) 8Single test record used for prediction of lactation yield

1. Under fortnightly test recording, it was found that the 13th
fortnightly test record under systematic sampling and 12th
fortnightly test record under stratified random samnpling and 12th
fortnightly part yield gave highest accuracy of prediction; the
accuracy of prediction being 69.56, 70.50 and 75.06 per cent,

respectively.

2. ‘Under monthly test recording, it was observed tﬁat the 7th
month test record under systematic and stratified random sampling
schemes and 6th month part milk yield were found to be best and
gave highest accuracy of prediction of 70.43, 70.43 and 76.55 per

cent, respectively.

3. Under bimonthly test recording, it was observed that the 3rd
bimonthly test record under systematic an¢d stratified random
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sampling schemes and 3rd binmonthly part yield were found to be
best and gave higheat accuracy of prediction of 68.42, 68.99 and
78.58 per cent, respectively.

From the above sampling schemes, it may be concluded that
when one test record is to be used for prediction of lactation
yield, the test record drawn during 6th to 7th month of lactation
will give highest accuracy of prediction. If the single teét
record is drawn dﬁring earlier part of lactation the accuracy of

prediction will be lower.

{b) Two test records used for prediction of lactation yield

1. Under fortnightly test recording, it was found that the 4th
and 13th fortnightly records under systematic sampling, 4fh' &nd
12th fortnightly records under stratified random sampling and 3rd
and 12th fortnightly part vyields gave highest accuracy of
prediction (being 87.10, 84.74 and 89.21 per cent, respectively).

2, | Under monthly test recording, it was observed that the 2nd
and 7th month under systematic and stratified random sampling
schemes and 2nd and 6th month part milk yield to be best and gave
highest accuracy of prediction of 88.07, 88.07 and 88.88 per

cent, respectively.

3. Under bimonthly test recording, it was observed that the 1st
and 3rd bimonthly test records under systematic and 3rd and 4th
bimonthly records under stratified random sampling and 1st and
3rd bimonthly part vields gave highest accuracy of predictioh of
80.18, 80.14 and 88.84 per cent, respectively,

From the above sampling schemes, the results reveal that. two
test records drawn randomly during 2nd and 6th month or 7th month
would be adequate for estimation of first lactation milk yield in

field conditions.
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{c) Three test records used for prediction of lactation yield

1. Under fortnightly recording, it was found that 4th, 13th and
'17th fortnightly test yields under systematic, 4th, 13th and 17th
fortnightly records under stratified and 3rd, 12th and 17th
fortnightly part yields determined highest accuracy of prediction
of 93.02, 93.11 and 96.11 per cent, respectively. ' :

2. Under monthly test recording, it was observed that 2nd, 7th
and 9th month test records under systematic and stratified random
sampling schemes and 2nd, 6th and 9th month part milk yields gave
highest accuracy of prediction of 92.34, 92.34 and 96.33 per

cent, respectively.

3. Under biﬁonthly test recording, it was observed that the
1st, 3rd and 4th bimonthly test records under systematic
saﬁpling, stratified random sampling scheme and bimonthly part
milk yields were the best predictors which gave highest accuracy
of prediction of 91.11, 90.00 and 96.50 per cent, respectively.

The above results on sampling schemes reveal that three test
records drawn randomly during 2nd, 6th or 7th and Sth month would
be adeguate for estimation of first lactation milk yield under

field conditions.

4.8 ERRORS IN PREDICTION OF LACTATION MILK YIELD DONDER VARIOUS
SAMPLING SCHEMES

The five measures of errors in prediction of lactation mnilk
vield under two sampling schemes and three testing intervals were
used. These were (i) average error, (ii) per cent average error,
(iii) average absolute error, (iv) per cent average absolute
error, and (vi) variance of error. These are presented in Tables

48 and 49 for Karan Swiss and Karan Fries breeds, respectively.



Table 48. Errors of estimation of first lactation milk yield under various sampling schemes in Karan Swiss breed

Average error

Name of sampling scheme Average absolute error Variance of Relative
| - error (kg2} efficiency
(kg) (%) (kg} (%) (%) -
A. Systematic sampling scheme
I. Fortnightly interval -1.648 ~0.065 43.367 1.726 3241.56 100.00
II. Monthly interval 1,429 0.056 68.487 2.726 ; 7921.61 40,92
IIT. Bimonthly interval 5.815 | 0.231 116.059 4,382 | 20704.90 15.65
B. Stratified sampling scheme
I. Fortnightly interval 1.453 6.057 44,409 1.768 3333.82 100.00
II. Monthly interval 6,265 0.249 73.810 2.938 9040.47 36.87
III. Bimonthly interval 3.856 0.153 126.168' 5.023 27449.00 12,14

NneT



. Table 49. Errors of estimation of first lactation milk yield under various sampling schemes in Karan Fries breed

Name of sampling scheme

Average error Average absolute error Variance of Relative
error (kgy2) efficiency
(kg) (%) tkq) (%) %)
A. Systematic sampling scheme
I. Fortnightly interval 1.416 -0.045 46.863 | 1.551 3612.87 100.00
II. Monthly . interval 3,388 6.112 | 7?.;602 2.569 9491.87 38.06
I1I. Bimonthly interval ~5.993 -(1.198 126.180 4.177 26003.30.. 13.89
B. Stratified sampling scheme
T. Fortnightly interval 2.053 0.068 52.359 1.733 4538.99 100.00
II. Monthly interval 7.438 "0.246 84.993 2.813 11710.10 38.76
IIT. Bimonthly interval 14.642 0.484 141,103 4.671 32612.20 13.91

L6t
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4.8.1 ERRORS 1IN PREDICTION OF LACTATION MILR YIELD ONDER
FORTNIGHTLY INTERVAL OF MILK RECORDING

The measures of average error, per cent average error,
average absolute error, and per cent absolute error in predicted
lactation milk yield (PMY) under fortnightly systematic .sampling
scheme were found to be -1.648 kg, -0.065 per cent, 43.367 kg and
17.26 per cent for karan Swiss,respectively and 1.416 kg, -0.046
‘per cent, 46.863 kg_and 1.551 per cent for Karan Fries breed,

2

respectively. The variance of error in PMY was 3241.56 kg for

Karan Swiss and 3612.87 k92
corresponding measures of erfor'in PMY under stratified random
sampling scheme were found to be 1.453 kg, 0.057 per cent, 44.409
kg and 1.768 per cent for Karan Swiss and 2.053 kg, 0.068 per
cent, 52.359 kg and 1.733 per cent for Karan Fries breeds, the
variance of error in PMY was 3333.82 kg2 for Karan Swiss and
4538.99 ka?
fortnightly systematic sampling scheme =s8lightly underestimated
lactation milk yield, while fortnightly stratified réndom

sampling scheme slightly overestimated lactation milk yield.

for Karan Fries breeds. PFurther the

for Karan Fries breeds. It was seen that the

" .Davey and Alexander (1955) reported the average error as 2.5
kg of actual yield from test day yields taken at fortnightly

intervals in Jersey cows.

- Amble et al. (1959) and Amble and Rajagopalan (1960}
estimated the lactation milk yield from test day yield recorded
at different intervals by simple random sampling and systematic
sampling in cattle and bhuffaloes in India. Recording every two .
weeks provided an estimate of lactation yield of a single animal
with a standard error of about two per cent. They reported that
systemnatic sampling.was better than simple random sampling method
for estimation of lactation yield from test records. On the
basis of average error of estimates and their standard error,
they suggested fortnightly recording to get reliable estimates of

lactation vyield of an individual animal. Youssef et al. (1961}

Ll -
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obtained the errors due to estimation as 1.56 per gcent for
recording at two weeks interval in Egyptian buffaloes.

Agarwala (1962) found that irrespective of level of
production the value of correlation increased as. the interval
between -the recordings decreased. Recording of milk production
at interval of 10 days for predicting the lactation vyields was

found to be most reliable.

Kooner and Pal {(1971) =studied milk recording of 157
lactations of 66 Murrah buffaloes twice monthly and found it to

——,

be most accurate. .

Rao (1977) reported that_thé average error in the estimation
of lactation milk yield from test day yields recorded at two
weekly intervals ranged from -1.52 per cent to 0.63 per cent in
Sahiwal and its crosses and the percentage of average absolute

error ranged from 2.01 to 3.63 per cent.

Kabra et al. (1983) found the estimate of phenctypic
correlation between actual lactation milk yield and fortnightly
predicted milk yield as 0.99. Fortnightly AM and PM milk
recording gave more accuracy than monthly and bimonthly sampling.

Agrawal et al. (1987) recorded daily milk yield in 77
Haryana cattle and 115 Murrah buffalces at intervals of 7, 14, 28
or 56 days. There were no significant differences in the
accuracy of estimated milk yvield on the basis of test samples at
interval of 7, 14 or 28 days but significantly higher estimates
were obtained for cows sampled at 56 days.

Crosse et al. (1988) reported that the error increased as
the interval between recordings increased. They found that the
most accurate method for estimating total lactation yield was

based on one day’'s recording per week.
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Dass (1991) observed that the accuracy under systematic and
stratified random sampling was better with shorter testing
intervals. PFurther, under fortnightly sampling, per cent average .
error was lower under stratified random sampling scheme.
Variability in actual first lactation yield on drawing samples at
fortnightly interval could be explained to the extent of 98 per

cent under systematic and stratified random sampling schemes.

It was seen from above results that the accuracy of
prediction was generally better when the interval of recording is

smaller undexr both the sampling schemes.

. 4.8.2 ERRORS IN PREDICTION OF LACTATION MILK YYELD UNDER
- MONTHLY INTERVAL OF MILK RECORDING

The measures‘ of average error, per cent avérage error,
average absclute error and per cent average absolute error in
predicted lactation milk yield (PMY) under monthly systematic
sampling scheme were found to be 1.429 kg, 0.056 per cent, 6B.487
kg and 2.728 per cent for Karan Swiss and 3.368 kg, 0.112 per
cent, 77.602 kg, 2.569 per cent for Karan Fries breeds
respectively. The variance of error in PMY was 7921.61 k92 for
Karan Swiss and 9491.87 kg2 for Karan Fries breed. Further, the
corresponding measures in PMY under stratified random sampling
scheme were found to be 6.265 kg, 0.249 per cent, 73.810 kg and
2.938 per cent for Karan Swiss and 2.053 kg, 0.068 per cent,
52.359 kg and 1.733 per cent for Karan Fries breeds. The
variance of error in PMY was 9040.47 kg2 for Karan Swiss and
11,710.10 kg2
average error, per cent average error, average absolute error,

for Karan Fries breeds. It was seen that the

per cent average absolute error and variance of errors under
monthly intervals were higher than those cbtained under
fortnightly intervals. The comparison of error variances for same
test interval under +two sampling schemes indicated that the
systematic sampling scheme was more efficient as -compared to

stratified random sampling .scheme.
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Ashton (1956) reviewed the findings of wvarious workers
comparing . different milk recording systems and reported that
monthly recording could be used for obtaining a fairly reliable

egtimate of individual cows' lactation yield.

Amble and Rajagopalan {1960) obtained an standard error of 4
to 5 per cent in village herds of cows and buffaloes under
monthly recording scheme. Jasiorowski et al. (1966) found the

absclute mean error of. estimation fo be 87.6 litres.

Poly and Poutous (1966) proposed that in order to reduce the
cost of monthly recording, each animal should be recorded every
month at a single milking alternating between morning .and
evening; the daily milk yield being estimated by. doubling the
recorded yield. The accuracy of this type cof recording was
estimated by ratio method. This prediction by ratio method did
not exceed more than one per cent. They suggested that alternate
monthly milk recording system was suitable for progeny testing
pfogramme. Cunninghum and Vial (1968) concluded that the
conventional centering date method of calculating yields was more
accurate than a method based on tests in the first four months of
the lactation. The monthly testing was. more accurate than'

bimonthly testing.

Everett et al. (1968) reported that the Dairy Herd
Improvement method of testing in USA overestimated actual
production by an average of 57.3 kg milk under monthly testing

scheme,

McDaniel {1969} reviewed gsixty research reports dealing with
the estimation of lactation yields in Bos taurus cattle from
samples taken at various intervals. The variation in errors in
nilk vyield (sd = 2.7%) from monthly testing for a 24 h period
appeared to be lower than those for fat per cent (Sd = 3.5%).

Ivanov et al. (1969) reported that the estimated lactation

vield under monﬁﬁif recofd{ng interval was 150 kg less in
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purebred and 154 kg less in crossbred cattle as compéred to

actual milk yields in Denmark.

Rai (1971) used 30 days sampling interval and three
computing ' methods, viz. (1) no adjustment, (2} first test
adjustment, and (3) first and last test Adjustment of ° records.
The average errors of estimates based on monthly samples by three
methods were 0,63, =-0,02 and -0.13 per cent, respectively in

Jersey and Friesian breeds of cattle.

Vachal and Berea (1971} revealed that .the error of
estimation of individual 1lactation milk yield from monthly
recording to be less than one per cent of actual yield in

Holstein Friesian cows.

Kadiiski {19735 found average error per ceht for 10 and 30
day recording intervals as 0.4 and 1.4 per cent in Bulgarian
Simmental cows and as -7.5 and -10.0 per cent in Bulgarian Brown

CcCows.

Lindstorm (1976} predicted lactation yield under monthly
testing interval recording schene in dairy cattle in Kenya. Be

found average error to be 1.34 to 1.52 per cent of actual milk

yield.

Rao (1977) reported that the average error in the prediction
of iaétation milk yield in four weekly intervals ranged from
-1.66 to 1.00 per cent and average absolute error ranged from 2.82
to 4.55 per cent in Sahiwal and its crosses with Brown Swiss.
The average error ranged from 0.95 to 67.8 kg in weekly to 12
weekly =sampling intervals. Average absolute error showed a
definite increasing trend as the interval of testing increased
from one week (3.78 kg) to 12 week interval (8.07 kg). Basavaiah
and Nagarcenkar (1978) reported that in order to have economy of
milk recording for estimation of milk production of daughters of
‘buffalo -bulls for their ranking, monthly periodical testing was

considered most suitable in buffaloes.
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Higgins (1979) obtained the range of error in estimating the
lactation milk yield from monthly testing as -7.7 to 6.0 per cent
of actual lactation yield.

Kaura et al. (1983) recommended the monthly recording AM and
PM milking under field conditions whicli was $0 accurate as
fortnightly recording. They found the mean differences to be
+60.20 to =-39.60 kg between predicted and actual lactation yield.

The error variances increased with increasing sampling interval.

Lee (1985) found that the range of average error per cent

varied from 0.04 to 5.65 per cent.

Kulkarni et al. (1985) found that the deviation of estimated
yield from actual vield ranged from -88.5 to 132.6 kg (-7.83 to
11.9%) for buffaloes yielding less than average and from =-140.9
to 166.75. kg (-7.95 to 11.9%) for those yielding more than
average. Deviations of estimated yields from actual yields were
-55.9 to 112.1 kg (-7.43 to 11.99%) for buffaloes with lactations
less than 251 days and from -140,.9 to 166.8 kg (~7.95 to 11.90%)
for those with longer lactations. They considered recording test
day vyields at 28 + 7 days interval to be satisfactory procedure

for milk recording buffaloes in field conditions.

Anderson et al. (1986) suggested 30 day sampling interval to

give most accurate estimates of lactation yield.

Agrawal (1987) concluded that interval of 28 days would be
the most appropriate and that a complete day milk yield could be
based on evening milking plus that from the morning milking the

following day.

Khanna and Balaine (1988) studied the reliability of reqular
and irregular interval reéording with variable centering date in
estimating mnilk vyield of c¢rossbred cattle. They found that
centering dates later than 30 days underestimated yield when

- 'sampling was carried out once or twice per month.
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Anderson et al., (1989) sguggested that convenient and
conventional 30 day egual interval sampling procedure Bhouid give
acceptable estimates of total lactation milk yield in practice.
Sampling emphasis on the post peak period ‘was important in
determining the magnitude of biases in non-linear procedure.

Guijar (1989) investigated the efficiency of various milk
recording systems for esatimating lactation yield in Kankréj
cattle and concluded that recording once per month on a fixed
date would be safisfactory under practical conditions and that
the actual lactation duration of the individual cow should be

used as the measure of length of lactation.

Dass (1991) reportea that the estimates of error, absoclute
error and standafd deviation of error under monthly systematic
and stratified rénddﬁ-sampling schemes in estimating 305 days or
less milk vyield using ratio method were 26.63, 74.15; 89.64,
reapectively. The systematic sampling was found to be better in

monthly test day interval than stratified random sampling scheme.

In case of both breeds in the present investigation, it was
seen from above results that the monthly periodical recording
gave higher measures of error variances in prediction of
lactation milk vield as compared to fortnightly recording. It
. was also found that the monthly systematic sampling scheme was

more efficient as compared to stratified sampling scheme.

4.8.3 ERRORS IN PREDICTION OF LACTATION MILK YIELD UONDER
BIMONTHLY INTERVALS OF RECORDING

The measures of average error, per cent average error,
average absolute error, per cent absclute error in predicted milk
yield (PMY) under bimonthly systematic sampling scheme were found
to be 5.815 kg, 0.231 per cent, 110.059 kg and 4.382 per cent for
Karan Swiss and -5.993 kg, -0.198 per cent, 126.180 kg and 4.177
per cent for Karan Fries breeds, respectively. The variance of

error was 20704.90 kg? for Karan Swiss and 26003.30 kg for Karan
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Fries breedg. Further the corresponding measures of error in PMY
under stratified random sampling scheme were found to be 3.856
kg, 0.153 per cent, 126.168 kg and 5.023 per cent for Karan Swissg
and 14.642 kg, 0.484 per cent, 141.103 kg and 4.67]1 per cent for
Karan Fries breed. It was seen that all .five measures under
bimonthly periodical recording were higher than fortnightly as
well as monthly intervals’' recording schemes in both breeds. The
bimonthly systematic sampling overestimated the lactation milk
yield in Karan Swiss breed, but underestimated in Karan Fries
breed. The comparison of errcor variances for the same test
interval indicated that systematic sampling scheme was more

efficient than stratified random sampling scheme.

Erb et al. (1952) found that the daily variation among 62
lactation Isimulated records from daily yields of:nine COWE wag
such th&t bimonthly sampling would give an error of 3.4 per cent,
the.comparisoh of monthly and bimonthly estimates of milk and fat
production of 306 cows indicated that differences between monthly
and bimonthly estimates of milk yield to be around 7.2 per cent.

Amble and Rajagopalan (1960) analysed data of village herds
of cows and buffaloés. Recording bimonthly provided standard

error. of about 10 per cent.

Lamb and Young (1968) found that lactation totals for milk
and fat estimated from bimonthly tests by several different
computational procedures generally had small pogitive biases
(upto 2%). Cunningham and Vial (1968) found that bimonthly
tegting was little less accurate than monthly testing. Everett
et al. (1968) reported that correcting test day production for
the stage of lactation in first and last records under bimonthly
and trimonthly milk recording schemes gave more accurate estimate
of actual production and reduced the variance of deviations of

DHIA estimates from actunal yvield.

McDanial {1969} reviewing the different reports on cattle,

observed that errors in milk yields computed from bimonthly
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samples were about 30 per cent greater than those based on

monthly tests.

Rai (1971) studied three computing methods, viz, {1}
undadjusted, (2) first test adjusted and‘(3) first and last test
adjusted under bimonthly recording scheme to estimate the
lactation milk yield. He found that the average errors were of
the order of 0.84, 0.21 and -0.24 per cent for bimonthly
recording, respectively. Rathore (1972) found four and three per
cent errors for milk and fat yields estimates in Jersey by

bimonthly recording.

Rac (1977) inferred that average error in the estimation of
lactation milk from test day vields recorded at 8 weekly
intervals with first test commencing in different weeks, ranged
from -4.41 to 2.61 per cent and absolute error ranged from 3.87
to 6.56 per cent in Sahiwal and ites crosses. The standard
deviations of error were larger in Sahiwal (306.93 to 397.50 kg)
as compared to crossbreds (95.94 to 202.51 kg).

Lee (1985) obtained the estimates of 305 day vyield from
bimonthly test records; he found that 89.22 per cent of estimates
to be within 5 per cent of actual values; the fange in errors was
0.01 to 7.36 per cent; the mean error was 1.96 per cent and

standard error of mean was * 0.14 per cent.

Agrawal et ai. (15%87) found higher estimates of prediction
for cows sampled at 56 days intervals in Murrah buffalces in

field conditions.

Khanna and Balaine (1988} reported that the estimation from
samples taken at bimonthly and trimonthly intervals over-—
estimated milk yield‘under regular and irregular intervals of
fecording with variable centering date in estimating milk yield
of crossbred cattle. The magnitude and direction of bias and
sampling error was influenced by the days of lactation on which

the first and last samples were taken.
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Dass (1991) studied the efficacy of prediction of lactétion
yield in Murrah buffaloes based on bimonthly milk recording under
aystematic and stratified random sampling schenmes wusing ratio
method. The estimates of average error, per cent average error,
average absolute error, per cent absoclute error, and standard
deviation of errors were 49.21 kg, 3.02 per cent, 120.97 kg, 7.44
per cent and 167.57 kg, respectively under systematic aampiing
scheme. In similar fashion, the estimates were 53.02 kg, 3.25
per  cent, 120.04 kg, 7.33 per cent and 144.92 kg respectively
under stratified random sampling scheme; the latter became more
officient at bimonthly testing day interval as indicated by per

cent average absolute error and standard deviation of error.

It is seen from above presentation that the measures of
error variance in predicted milk yield under bimonfhly-'recording
were higher than fortnightly as well as moﬁthly interval of
recording schemes in both breeds. This indicated that recording
of milk at shorter interval gave better precision for the

wbserved lactation yield.

The following conclusions may be drawn from above results

and discussion:

1. The accuraﬁy of predictioh was better at shorter interval of
milk recording under systematic and stratified random sampling
achemes in both breeds. It was observed that the variance of
cvror in predicted lactation milk yield increased‘graduaily when

"the interval of test recording was increased.

D Systematic sampling scheme gave better precision under all

the three test day intervals of recording as compared to

stratified random sampling scheme.

i The per cent average error was found to be less than one per

~eent in all cases.
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4.9 GENETIC AND PHENOTYPIC PARAMETERS OF KARAN SWISS AND _ KARAN
FRIES BREEDS

The purpose of this investigation is to examine different
sire evaluation procedures on the basis of test records obtained
under various sampling schemes and part lactation yields.
Therefore, the estimation of genetic parameters of relevant
traits was made. The measures of ﬁeritability of wvarious
economic traits and their phenotypic and genetic correlations are
the parameters which reflect'upon genetic composaition of a
population. Their estimates express the extent of genetic
variability and covariability of various traits measured . on
individuals constituting the population. The heritability of a
trait gives an idea of the proportion of genetic_vafiance to the
total phenotypic variance in a given population for a particular
trait during a specified time period. "It alsc measures the
regression of additive genetic value of animal-on its phenotypic
value. The knowledge of these parameters ig required in
formulation of appropriate evaluation and selection criteria for

bringing about genetic improvement.

The heritability estimates were obtained for cbserved part
lactation yield, cumalative part‘léctation yvield and obée}ved
lactation milk yields and predicted lactation milk yields under
systematic and stratified random sampling schemes from data
adjusted with least squares constants for differential effects of
season and period of calving, genetic group and regrégsi&n on age

at first calving.

4.9.1 HERITABILITY (hzl ESTIMATES OF FORTNIGHTLY PART YIELDS

The heritability estimates (h2) of fortnightly part yields
are given on diagonal of Table 50 for Karan Swiss and Table 51

for Karan Fries breeds.

In case of Karan Swiss breed, it is seen from Table 50 that

the h2 estimate of fortnightly part yield showed an increasing
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Table 50. Bstimales of heritability, genetic and phenotypic carrelations of observed lactation milk yield {OKY) and fortnightly part lactation yield of Xaran Swiss breed
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table 51, Rstimates of heritability, genetic and phemotypic correlations of observed lactation milk yield (OMY] and fortmightly part lactation yield of Karaa Pries dreed
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trend from 1st fortnight to 4th fortnight and declined during &th
fortnight and-subsequently increased from 6th fortnight to 10th
fortnight, and thereafter decreased from 11lth to 15th fortnight.
Further, h2 estimate increased from 16th fortnight to 17th
fortnight and decreased thereafter. The‘h2 was highest (0.397)
for 10th fortnight and lowest (0.190) for first fortnight. The
estimates of h2 of 9th to 12th fortnight part yields were found
to be higher than that of observed lactation milk yield (OMY).

In case of Karan Fries breed, it was seen (Table 51) that
the h2 estimate of fortnightly part vield showed an increasing
trend from lst fortnight to 4th fortnight and decreased from 5th
fortnight to Bth fortnight and subsequently increased from 9th
fortnight to 13th fortnight and decreased thereafter. The -h?
estimate was highest (0.346) for 13th fortnigthly part yield.
The h®? estimates of 2nd to 4th fortnight and-- 11th to 13th
fortnightly part yields were found to be higher than that of OMY.

It is thus seen from above presentation (Tables 50 and 51)
for Karan Swiss and Karan Fries breeds that the higher estimates
of heritability were observed around mid lactation's fortnight
part yield. Only few reports were available on heritability
estimates of fortnightly part yields, Singh et al. (1967)
reported that the h2 estimate of first fortnightly part yield was

0.22 in Haryana cattle.

2

4.9.2 HERITABILITY (h“) ESTIMATES OF MONTHLY PART YIELDS

2 estimates of monthly part vyields  are given on

The h
diagonal of Table 52 for Karan Swiss and Table 53 for Karan Fries

breeds.

For Karan Swiss breed, it is seen from Table 52 that the hZ

estimate of monthly part milk yield showed an increasing trend
from 1lst month to 2nd month and declined during 3rd month.
Further it showed an increasing trend from 4th month to 5th month
and decreased subsequentiy from 6th month to 10th month. The h2



. Table 52. Bstimates of heritability, genetic and phenotypic correlations of observed lactation milk yield (OMY) and wonthly part lactatien milk
vield of Karan Swias breed
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Table 53. Bstimates of heritabilily, genetic and phenotypic correlations of observed lactation milk yield (ONY} and moathly part lactation wilk yield
of Xaran Fries breed :
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was highest (0.405) for 5th month and lowest (0.195) for 3rd
month, The h2 estimates of 5th and 6th month part yields were
found to be higher than that of observed lactation milk yield

{OMY} in Karan Swiss cattle.

In case of Karan Fries breed, it ﬁas found that the. h2

estimate of monthly part yield also showed an increasing trend
from 1zt month to _2nd month and declined during 3rd month.
Further, it increased from 4th month to 7th month and decreased
thereafter from 8th month to 10th wmonth. The estinate of
h2 was found to be highest (0.341) during 7th month and lowest
for Bth month milk yield. The higher estimates of heritability
could be seen from 1lst, 2nd, 6th and 7th month as compafed to

OMY .

It is thus seen from above presentation (Tables 52 and 53)
that 5th and 6th month for Karan Swiss and 1st, 2nd, 6th and 7th
month part yields for Karan Fries cattle were more heritable than
OMY; whereas lower estimate of h2 was observedd during 3rd month

part yield in both breeds.

vanVlieck (1964) reported that the estimate of h® for S5th
- month of first lactation was found to be (.40 for Ayreshire, 0.03
for Guernsey, 0.27 for Holstein, 0.20 for Jersey and 0,59 for

Brown Swigs breeds.

Singh and Acharya (1969) gave a range of heritability from
0.12 to 0.33 for 3rd month to 8th month part yield in Haryana
cattle.

Gokhale (1974) reported that the h2 estimates for ten month

part yields beginning with first month were 0.272, 0.157, 0.198,
0.207, ©0.233, 0.197, 0.190, 0.249, 0.1i2]1 and 0.152 in Murrah
buffaloes. Further, it was seen that lst month and 5th month

part yields were more heritable.
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Sharma et al. (1980) obeerved that the h2 estimate was 0.723
for 5th month and 6.875 for 6th month in Haryana cattle. Sharma
et al. (1983) reported that the h? estimate was 0.34 for 4th

month part yield in Haryana cattle.

Srivastava and Khan (1987) gave a fénge of hz from 0.30 to
0.46 for 1st month to 10th month part yields in Sahiwal cattle.
Singh et al. (1988) reported a range of heritability estimates
from 0.16 to 0.52 for 1st month to 7th month part vield of first
lactation in Sahiwal breed. Pande (1988) found h® for 2nd month
part yield to be 0.29 in Gaclao cattle. Singh et al. (1988) gave
a range of heritability as 0.14 to 0.78 for 1st to 6th month part

yield of second lactation in Sahiwal.

Singh 'and Yadav (1987) reported that the h2 ‘éstimates for
10th monfh part vields beginning with first month were 0.07,
0.11, 0.08, 0.18, 0.07, 0.10, 0.08, 0.09, 0.10 and 0.10 in
buffaloes. It was seen that the 4th month part yield was . most
heritable. |

4.9.3 HERITABILITY_(hz) ESTIMATES OF BIMONTHLY PART YIELDS

The h2 estimates of bimonthly part milk yields are given on
diagonal of Table 54 for Raran Swiss and Table 55 for -Karan Fries

breeds.

For Karan Swiss, it is seen from Table 54 that the h2

estimate of bimonthly part vield showed an increasing trend from
l1st bimonthly to 3rd bimonthly part yield and declined
thereafter. The h® estimate was highest (0.388) for 3rd bimonth
yield and lowest (0.245) for lst bimonth yield. The heritability
of 3rd bimonth yield was higher than OMY.

In case of Karan Fries breed, it was found that the h2
estimate of bimonthly part yvield showed a decreasing trend from
1st bimonth yield to 2nd bimonth yield and increased during 3rd
bimonth and declined thereafter. The h2 was highest (0.337) for



Table 54. Estimates of heritability, genetic and phenotypic correlations of observed (OMY) and
bimonthly part lactation yield in Karan Swiss breed.

Traits No.of OMY Bl B2 Bl .. B4- B5

obs.

oMY 269 0.343 0.945 1.007 0.949 . 0.957 0.619

+0.101 +0.,023 NE +0.020 +0.019 +0.185

Bl © 969 0.765 0.245 0.924 0.958 0.865 0614
+0.020 +0,085 +0.035 +0.018 +0.065 +0.217

B2 969 0.850 0.803 0.260 1.020 0.936 0.637

: +0,016 +0.019 +0,088 NE +0.033 10,235

B3 939 0.869 - 0.653 0.849 0.388 0.926 . 0.623
+0.016 +0.024 +0.017 +0.109 +0.032 +0.184.

B4 as2 0.852 0.527 0.669 0.811 0.310 0.881

+0.017 +0.028 +0.025 +0.019. +0.101 +0.071

B5 607 0.721 0,499 0.468 0.541 0.740 0.2085
+0.028 +0.,035 +0.035 +0.034 +0.027 +0.115

Diagonal values are estimates of heritability. The upper diagonai values are genetic correlations
and lower diagonal values are the phenotypic correlations.

th

where, Bj = Biminthly part lactation yield of i part, NE = Not estimable
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Table 55. Estimates of heritability, genetic and phenotypic cotrelations of observed (OMY} and
bimonthly part lactation yield in Karan Fries breed,

Traits HNo.of oMY Bl R2 B3 B4 BS
obs.,
oY 969  0.294 0.819 0.992 1.009 0.974 10.998
+0.106 +0.080 +0.003 NE +0.012 40,001
Bl 969  0.764 - 0.337 0.888 0.795 0.782 0.906
+0.023 +0.112 +0.053 +0.087 +0.100 +0.060
B2 969  0.830 0.815 0.262 0.959 0.994 1.040
+0.020 +0,021 +0.102 +0.015 - +0.002 NE
B3 969  0.889 0.692 0.873 0.327 ©  1.073 1.034
+0.017 +0.027 +0.018 +0.112 NE 'NE
B4 867  0.875 0.563 0.683 .. 0.839 0.282 1.020
+0,018 +0.031 +0.281 +0.020 +0.109 NE
BS 607  0.701 0.561 0.553 0.619 0.785 0.247
+0.028 +0.039  +0.039 +0.037 +0.029 +0.131

Diagonal values are estimates of heritability. The upper diagonal values are genetic correlations
and lower diagonal values are the phenotypic correlations. _

where, B; = part milk yield during i™® bimonth
NE = Not estimable

61¢
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lat bimonth yield and lowest (0.247) for 5th bimonth yield. The
h estimate of 1lest bimonth and 3rd bimonth part yields were found
to be higher than that of OMY.

It is thus seen from above results that the 3rd bimonthly
part yield was most heritable in both breeds.

Mehta (1981) reported that the h2 of first
bimonthly part yield was 0.05 for Karan Swiss and 0.88 for Karan
Fries breed. Sushil Kimar (1990) reported that the estimate of
h? was 0.136 for 1st bimonth yield for Sahiwal cattle.

4.9.4 HERITABILITY (hz) ESTIMATES OF CUMULATIVE PART YIELDS

The h2 estimates for 10 monthly cumulative part yielas. are
given on diagonal of Table 56 for Karan Sw1ss and Table 57 for
Karan Frle: breeds.

For Karan Swiss breed, it is seen from Table 56 that the h2
estinates of monthly cumulative part yields showed an increasing
trend from first 30 days part yield to first 180 days part vield
and decreased thereafter. The h2 estimate was highest (0.328)
for first 180 days part yield.. In genéra;, there was more
consistency and uniformity in the estimates based on cumulative
part lactation yields. The h2 estimates ranged from 0.246 to
0.328 for monthly cumnltative part yvields.

In case of Karan Fries breed, it was found that the estimate
of h2 of monthly cumulative part yields showed an increasing
“trend from first 30 days part yvield to first 60 days part yield
and decreased from first 90 days to first 120 days part vield.
Further it showed an upward trend from first 150 days +to. first
210 days part vield and decreased thereafter. The h2 was highest
(0.363) for first 210 days part yield. The h2 estimates ranged
from 0.309 to 0.363 for monthly cumulative part yields. BAll the
estimates of h2 for cumulative part yields were more heritable
than that of OMY.
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It is thus seen from above results that first 180 days part
vyield for Karan Swiss and first 210 days part yield for EKaran

Fries were most heritable.

Madden et al. (1955) reported the estimates of h2 to be 0.34

for first 120 days and 0.63 for first 274 days part yield in
Holstein cattle. Smith and Legates (1962) reported h? of first
90 dayes part yield of First lactation and first 90 days part
yield of later lactations to be 0.18 and 0.38 in Holstein cattle
respectively.

Singh et al. (1967) reported the estimates of h’> to be 0.39

for first 75 days and 0.63 for first 135 days part yield in
Haryana cows. Singh and Acharya (1969) gave a range of h2 from
0.16 to 0.43 for 1st monthly cumulative part yield to Bth monthly
cumulative yiel& in Haryané cattle. Singh and Tomar 11983}
reported h2 of first 150 days part yield to be 0.36 in Haryana

cattle.

Aunran (1976) gave a range of h2 from 0.18 to 0.25 for first
to tenth month cumulative part yield in cattle. Sharma et al,
{1983) reported h2 of first 120 days cumulative vield to be 0.42

. in Haryana cattle.

Mehta (1981) found lower estimates of h2 for monthly
cumulative yield in Karan Swiss and higher estimate of monthly
cunulative yield in Karan Fries breeds.

2 for first

Sushil Kumar (1990) reported higher estimate of h
30 days vield and lower estimates of h2 from first 60 days vield

to first 270 days part yield in Sahiwal cattle.

Thus estimates of part lactation milk yield as reported by

different workers showed divergent trend. -
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4.9.5 HERITABILITY ESTIMATES OF OBSERVED LACTATION MILK YIELD
{OMY)} AND PREDICTED LACTATION MILK YIELD {(PMY) UNDER
SYSTEMATIC AND STRATIFIED RANDOM SAMPLING SCHEMES

The h2 estimates of OMY and PMY'e under fortnightly, monthlf
and bimonthly systematic and stratified random sampling schemes
are given on diagonal of Table 58 for Karan éwiss and Table 59
for Karan Fries breeds. )

- For Karan Swiss cat&@e, it is seen (Table 58) that the h2
estimates for OMY and PMY under fortnightly, monthly and
bimonthly systematic and stratified random sampling schemes were
0.343 + 0.102, 0.341 + 0,101, 0.356 + 0.103, 0.354 + 0.103, D.354
4+ 0,103, 0.341 + 0.101 and 0.398 + 0.109 in Karan Swiss cattle,
respectively. The difference of h2 of PMY under various sampling
schemes as coméared to the estimate of OMY were found to be =0.2
per cent_fof fortnightly. 1.3 per cent for monthly and 1.1 per
cent for bimonthly systematic schemes and 1.1 per cent for
fortnightly, ~0.2 per cent for monthly and 5.5 per ceht for

bimonthly stratified random sampling schemes.

In case of Karan Fries breed, it is seen {(Table 59) that the
h? estimates were 0.294 + 0.103 for oMY, 0.278 + 0.104 for
fortnighf]y, 0.285 . + 0,105 for monthly and 0.269 *+ 0.103 for
bimonthly systematic predicted lactation milk yield and 0.275 =+
0.104 for fortnightly, 0.243 + 0.093 for monthly and 0.258 +
0.101 for bimonthly stratified random sampled predicted lactation
milk vyield. The differences of h® of PMY under three testing
intervals of both sampling schemes as corpared to the estimate of
OMY were -1.6 per cent for fortnightly, -3.0 per cent for monthly
and -2.5 per cent for bimonthly systematic PMY and -1.9 per cent
for fortnightly, -5.1 per cent for monthly and -3.6 per cent for
bimonthly stratified random sampled PMY.

It is thus seen from above results that the h2 estimates of
PMY under various sampling schemes varied from 1 to 53 per cent as
compared to estimate of OMY in both breeds. The h2 estimates of

—



Table 58. Estimates of heritability, genetic and phenotypic correlations of observed (OMY). and
predicted (PMY) lactation milk yield wnder various sampling schemes Ffor Karan Swiss
cattle

Traits CooMY 81 82 83 5S4 85 56

oty 0.343 1.001 1.002 1,004 ° 1.000 1.001 0,948
+0.102 NE NE NE NE NE NE

s1 0.995 0.341 1.004 1.005 1.002 1.002 0.949
| +0.003 - $0.101 NE NE NE NE +0.004

52 0.989 0.986 0.356 1.002 - 1.004 1.001 . 0.950
£0.005  40.005  +0.103 NE NE NE NE

s3 0.971 0.973 0.971 0.354  1.007 1,000 0,950
+0.008  +0.008 0,003  +0,103 NE NE NE

s4 0.995 0.9%  0.984 0.968 6.354 1.000 0.942
+0.003 +0.004 +0.006 +0.009 +0.103 +0.002 NE

85 0.988 0.983 0.977 0.960 0.983 0.341 0.955
40,005 +0.006  +0.008 0,010 #0.007  +0.101 NE

s6 6,950 0.946 0.937 0.922 0.945 0.942 0,398

£0.009 +0.010 +0.010 +0.012  +0.020 +0.014 +0,109

Diagonal values are estimates of heritability. The upper diagonal values are genetic correlations
ad lower diagonal values are the phenotypic correlations.

where, NE = Hot estimable -

SZE



Table 59. Estimates of heritability, genetic and phenotypic correlations of observed (OMY} and

predicted (PMY)} lactation milk yleld under various sampling schemes for Karan Fries
cattle :

Traits oMY sl S2 s3 . 84 55 86 -

oMY 0.294 1.000 1.002 1.007 °©  0.999 0.998 1.004
+0.103 NE NE NE NE NE NE

s1 0.996 0.278 1.001 1.607 0.999 1.000 - 0.991
+0.003 +0.104 NE NE NE +0.004

82 0.989 0.988 0.285 1.002 1.003 1.006 1.012
+0.005 +0.005 +0.105 NE NE NE NE

83 0.972 0.973 0.969 0.269 1.002 0.998 1.061
+0.008 +0,008° - +0.009 +0.103 NE NE NE

54 0.995 0.991 0.984 0.965 0.275 0.996 1.008
+0.003 +0.004 +0.006 +0,009 +0.104 +0.002 NE

85 . 0.987. 0.982 0.976 0.961 0.981 0.243 1.001
40,005 © +0.006 +0.008 +0.010 ~ +0.007 +0.993 NE

56 0.964 0.961 0.957 0.940 0.959 0.951 0.258
, +0.009 +0.010 +0.010 +0,012  +0.010 +0.014 +0.101

Diagonal values are estimates of heritability. The upper diagonal values are genetic correlations
and lower diagonal values are the phenotypic correlations.

where, NE = Not estimable

¢z
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-OMY and PMY were higher in Karan Swiss breed as compared to Karan

Fries hreed.,

Bhatnagar et al. (1983} reported estimate of n? of milk
yield in Sahiwal cattle to be 0.25 * 0.12, Chand and Narain
(1984) found that the h® of first lactation milk yield was 0.42 +
0.27 in Sahiwal cattle,

Taneja and Bhatnagar (1885} reportad the h2 of lactation
milk yield to be G. 35 + 0. 18 in Tharparkar cattle. Senger et al,
(1987} found the h? of 300 day milk yield to be 0,23 + 0.26 in
Tharparkar cattle. Khan et al. (1988} gave a range of n?  of
Sahiwal and crossbreds to be from 0.20 te 0.76.

Kumar and Bhatnagar {1589} reported the h of milk yield to
be 0.78 + 0,21 in Karan Swiss breed. '

Arora and Sharma (1983} found the h2 ocf first lactation milk
yield to be 0.31 + 0.10 in Holstein Friesian cattle.

Singh et al. (1986) reported the estimate of hz to be (.34 -
in Priesian x Sahiwal cattle.  Nishimura {1988} observed that the
h? was 0.26 + 0.08 for lactation milk yield in Holstein Friesian

COWS.

Carabana et al. (1989) reported the-h2 estimate to be 0.16

2 of OMY
2

in Holstein Friesian. Werf et al. (1989} cbserved the h
to be 0.38 for crossbreds. Welper ef al. (198Y) observed that h

estimate for lactation milk vield was 0.22 in Holstein cows.

Dags (1991} reported that h2 estimate for obzerved milk
yield (OMY) was 0.132 + 0.138 and that of predicted lactation
nrilk yield (PMY} under systematic gampling scheme to be 0.411 +
0.181 for fortnightly, 0.343 + 0.171 for monthly and 0.459 +
0.188 for bimonthly sampled test records. 1In similar way, h2 of
PMY under stratified random sampllng gcheme were found to be
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0.122 + 0.137 for fortnightly, 0.063 + 0.126 for monthly and
0.140 * 0.139 for bimonthly test records in Murrah buffaloes.

4.9.6 GENETIC AND PHENOTYPIC CORRELATIONS OF OBSERVED LACTATION
MILK YIELD (OMY) WITH PREDICTED LACTATION MILK YIELD
(PMY) UNDER VARIOUS SAMPLING SCHEMES

. The estimates of genetic and phenotypic correlations of
observed (OMY) with predicted (PMY) lactation milk yield on the
basis of test records drawn under fortnightly, monthly and
bimonthly systematic and stratified random sampling schenes are
given in Table 58 for Karan Swiss and Table 39 for Karan Fries
breed. It is seen from these tables that the " estimates of
genetic correlations between OMY with PMY under various sampling
schemes were very high being ‘'greater than 0.948 for Karan - Swiss
and to be near unity in Karan Fries breed. Similarly, the
estimates of phenotypic correlations were also very high (ranging
from 0.950 to 0.989) in Karan Swiss and (ranging from 0.964 to
0.989) in Karan Pries breed. All the estimates cf phenotypic and
genetic correlations were statistically significant (P < ¢.01) in
both breeds. These results suggest that the predicted lactation
milk yield under various sampling schemes would give high
phenotypic and genetic accuracy of selection for lactation milk

yield.

These results agree with the findings of Pirchner (1961),
Smith and Legetes (1962), Kushwaha (1972), Gokhale (1974) and
Sharma et al. (1983). Dass (1991) reported that the genetic and
phenotypic correlations between OMY and PMY under fortnightly,
monthly and bimonthly systematic and stratified random test
records were highly significant. Most of the genetic
correlations were closer or approaching unity in Murrah
buffaloes.
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4.10 EVALUATION OF BREEDING VALUE OF SIRES ON THE BASIS OF
OBSERVED LACTATION MILEK YIELD (OMY)} AND PREDICTED LACTATION
MILK YIELD (PMY) OF THEIR DAUGHTERS UNDER VARTOUS SAMPLING
SCHEMFES AND PART LACTATIONS

The purpose of evaluatiﬁg breeding value of bulls on the
bagis o©f observed lactation milk performance and predicted
performance of daughters was to examine whether the sanmpling
methods, wviz., systematic and stratified “random, under three
testing intervals had any impact on the accuracy and efficiency
of sire evaluation. Further, it is of interest to examine the
effecﬁiveness of various preva;enf sire evaluation methods under
different sampling schemes. For this ﬁurpose, four methods of

gire evaluation were used. These were:

i) Daughter's average {iIy),
ii) Contemporary comparison methed (I3},
iii) Least saquares method {(I3) and
iv) Best linear unbi;sed prediction (BLUP) method (Ig4).

4.10.1 SIRE EVALUATION BY DIFFERENT METHODS ON THE BASIS OF
OBSERVED LACTATION MILK YIELD FOR KARAN SWISS AND KARAN

FRIES CATTLE

The breeding vaiues of Karan Swiss and Karan Fries bulls
estimated on the basis of their daughter's observed lactation
milk yield {OMY} along with their ranks are presented in
Table 606, All these sires had at least five daughters with first
lactation milk yield.

It was found for Karan Swiss breed that by index method 1Ir,
there were 29 sires which had index above the average breeding
value, whereas 22 sires had index below the average. The average
breeding value of sires was 2493.63 kg. The highest estimate of
breeding value was 3105.75 kg (24.54% above average) of aire
No.1617. The lowest index was 1669.57 kg {33.04% below average)



Table 60. Sire indices and their ranking based ou observed lactation milk yield [OXY) by different methods

FARAN FRIES BREED

......................................

§ire  No. of Iy R I R I R Iy R S$ire No. of Iy R I R I 3 Iy B
No.  danghtera Ho. danghters
per gire per aire
] L 3036.5 5 2981,93 7 260258 2% 261077 29 2 24 2938.29 38 2707.23 49 2657.63 38 2710.23 43
i 19 711,59 18 3L 2 %4 19 M 13 ] 11 M4 9 034 17 309508 8 29312 8
§ 6 333 17 218189 40 2825.67 12 251 17 4 18 2692.22 47 2812.96 44 93,11 50 262115 1
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11 3] 466,17 27 253,91 19 2637.96 2T 1342 1 15 3 3001.60 33 3111.19 25 2583.00 47 2743.55 137
14 § 006,60 35 229136 35 2100.80 S0 2463.37 4B 1% . 10 2990.10 35 3279.84 11 3026.60 14 2836.02 12
18 § 626,00 21 257806 5 1119.10 11 1682.38 20 24 7762.58 43 270,59 46 276,54 16 A 4
17 n 0Ll Y W9 4 menn 16 245 14 L 8§ IMLI3 16 - 31650 2 190 27 M4 N
n 11 ANz 17 189599 8 2850.09 10 2M5.70 12 KL} 5 3203.00 21 2968.80 13 2656,200 39 2763.04 31
8 14 Ho49 30 214096 4t 054,43 1 238350 13 40 1 164900 6 3483.TT 5 ULTL 5 1981.49 €
38 # W97.24 3 iR 3 180606 W4 MT6.07 9 15 10 675,40 48 292,68 31 2617.20 44 2124.25 40
] 8 310,25 34 201043 45 201400 45 496.84 )9 N b 3664,50 5 3228.03 16 3018.83 15 2867.33 1%
4 15 3037.00 4 2783,56 37 2751.33 20 2703.98 8 104 ! 110,29 1 3542.05 3 3437.43 1 3005.3% 2
56 H 2566.23 21 2890.65 % 2642.04 26 2640.26 26 147 70 2652.29 49 2961.82 36 2635,71 42 2045.81 34
60 5 067,20 43 001,49 4B 2112.00 49 67,02 46 148 16 3217.19 20 3521.,35 4 298331 183 289907 11
1 30 221,80 39 190171 50 241280 40 470,70 43 185 11 140,73 54 244,00 54 212091 54 2499.89 54
13 15 1500.13 W 23612 32 2526.31 35 257155 1S 194 - 8 2356.25 53 271249 48 2224,00 52 2589,84 52
14 13 2601.62 22 269819 20 2908.85 6 278109 B 3 l 372,57 4 3591 % 322114 4 294266 S
14 9 148,89 29 259659 4 1160.33 B8 2693.52 20 n 14 370,29 24 3083.62 26 2751.07 30 216,17 3t
1mn 18 204122 46 2011.80 46 231439 44 23280 50 281 26 J042.38 29 2841.08 43 2741.00 31 2762,08 N2
186 1 044,58 45 183156 51 470.62 36 2490.50 40 i}§I 13 2041.31 31 308,41 10 917,15 21 2850.60 2
183 45 207,67 40 L 31 2531.82 34 255L.56 36 34 1 2900.00 40 2939.15 38 2515.18 48 200,20 45
6 n 1960,00 49 211477 47 2387.83 41 2465.60 47 M 46 3031.80 3t 263,24 53 2612.87 45  2656.47 S0
40 18 108.44 42 2WL34 36 259828 31 612,25 32 364 23 344,17 15 3138.66 4 290491 22 BT A
W 8 237815 30 1568.46 26 2690.38 24 2659.64 185 16 43031 10 312 8 2972.39 20 292498 ¢
425 19 2000.42 48 2091.84 43 2460.26 33 2522.87 38 687 10 - 358100 7 3206.8) 18  3158.90 6  2951.61 4
418 8 0000 1 BELK 1 4 N MY IS 146 16 3491.69 8 318,13 15 3055,38 10 2917 7
il 4 1812.86 50 131545 49 236736 42 B2.52 42 821 37 192140 39 2004045 45 2535.00 4% 273071 3¢
835 b 2050.83 44 234936 34 2468.83 37 2575.36 4 2507 4 2640.63 50 2782.27 47 267123 31 2200.4) 46
(] 16 258,75 41 400,80 30 59,81 39 M%.66 31 29Bd 12 20.83 46\ 3016.29 31 2676.58 35 2MISY 36
851 13 3.8 38 236436 33 260254 30 261157 30 3005 8 918 22 CI3IH4L 7 - W09NA3 7 209,95 L
847 25 232660 33 2668.50 21 2615.96 28 2621.91 28 3026 14 1740.50 44 3012.31° 30 686,64 33 2743.80 35
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___________________________________________________ - —_———

FARAN $¥ISS BRBED _ RARAN PRIES BREED
Sire  No. of Iy 3 Iy R ) R Iy R Site Mo, of Ij R Iy R I3 R iy R
Fo.  daughters Ro.  daughlers
per aire per sire

1039 3 illi.hﬂ 31T 202,87 1% 2120440 47 ME9.70 N 3041

11 7816.85 41 3089.42 28 1867.46 25 2833,55 N4

{063 1 00048 11 2785 70 16 2808.39 13 . 2754.48 ! 3ie? 8 385,05 14 MM.I8 6 3053.00 11 2893.85 13
1065 16 040,75 417 WS 82 233005 4 SR 4 LILY] ] 91250 2 I8I3.B1 1 3576.38 1 308%.67 i
1085 ! 1669.57 51  2087.58 44 2018.86 51 238917 %) 168 § 23,22 2% 3NG4 13 2696.22 32 2760409 33
1083 12 13,47 10 2886.42 [0 3019.47  2-  18d0.68 2 1t 3 375.07 13 C3252.19 11 3685.33 9 2887.53 15
106 23 9152 26 306,53 31 2668.78 25 2658.60 25 i 00 7 U405 963,10 35 27665 M 120U K
16 - 10 17,80 9 173,79 18 2990.20 3 2808.98 5 323l 8 3036.00 30 3163.50 22 2888.63 24 283,51 125
1256 28 R LT S Y TS SN 1) I O L N 5 I3 T 1756 7 83070 3 Y930 2 332943 3 2979.08 3
<1381 16 01588 6 2037.10 14 048l 1 1919.18 1 1298 § 306.00 26 3146.35 23 305240 12 2868.30 11
1416 10 1748:30 1} 2436.32 28 2590.00 32 2613.68 31 4012 11 MI7.91 13 3085.81 2% 2990,27 17 2085.20 16
1561 28 926,08 8 2222.06 38 2695.86 22 MSI9.64 22 4021 b 3230.67 19 7921.95 39 2753,00 29  2786.89 18
i 11 WM 1 sds 12 ¥ o+ . 7 1651 b 326,89 11 3180.99 20 3030.56 13 2891,99 14
1§21 25 M54 16 066,63 5 297180 9 2803.58 ¢ 1066 8 330,63 18 2923.60 41  2090.38 23 20340 NI
1621 3 85,00 19 J042.85 6 288497 7 2114 4 1069 ! 0214 17 7965.97 34 841,29 26 2814.93 26
626 12 2659.67 20 2869.07 13 2883.42 8 2768.05 10 4075 12 3005.75 32 299%.01 32 2598.33 46 20711 M
1627 N 1554.67 W 282846 11 2692,38 23 BN A 4081 15 2999.00 34 2842.43 42 2640,00 40 272101 W)
1655 ? 098,14 2 780024 15 2799.71 15 1M01.66 19 1193 Pl 296470 36 2923.73 40 2623.50 43 2696.26 47
1232 5 459,20 28 2643.23 13 2169.00 46 2485.37 L 4101 5 20,80 12 3243.62 14 3003.80 16 2855, 22
3310 5 1252.40 36 2402.63 29 2116.60 48 2468.42 15 102 -3 BULY 1T 3091.86 27 977,75 19 2866.20 19
1 11 3099.06 28 3183.30 1% 2768.06 28  2783.10 29

4226 8 BUIS 52 830,43 52 215250 53 2563.62 )

815 44 2588.3% 51 2704.92 50 2640.77 41 2679.25 M4

vhere, R

Rank of the sire; 1| = Doughler's average method; Iy = Eontelpofary comparison oelhod; 13 = Least square analyeis nethod
L

BLUP method
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of sire No. 1085. The difference between the highest and lowest
index was 1436.16 kq. ' '

The estimates of sire index by method Iz showed that there
were 27 Karan Swiss sires which had index above the average
breeding value, whereas 24 sires had index below the average.
The average breeding value of sires was 2525.98 kg. The highest
index was 3158.88 kg (25.05% above average) of sire No. 1258,
The lowest index w§§'1831.56 kg (27.49% below average) of sire
No. 186. The difference between the highest and lowest index was
1327.32 kg.

Further by method I3, there were 22 Karan Swiss sires which
had index above the average breeding value, whereas 29 sires. had
index below the average. The average breeding value of sires was
2613.62 kg. The highest index was 3104.81 kg (18.79% above
average) of sire No. 1361. The lowest index was 2018.86 kg
(22.75% below average) of sire No. 1085. The difference between
the highest énd lowest index was 1085.95 kg.

The evaluation of breeding value by index method 14
indicated that there were 23 sires which had indices above the
average breeding wvalue; whereas 28 sires had index below the
average. The average breeding value of sires was 2636.26 kg.
The highest index was 2919.18 kg (10.73% above average) of sire
No. 1361. The lowest index was 2389.10 kg (9.3% below average)
of sire No. 1085; The difference between the highest and lowest

indices was 530.18 kg.

In case of Karan Fries breed, it was found that by 1index
method I, there were 25 sires which had index above the average
breeding value; whereas 29 sires had index below average. The
average breeding value of all sires was 3114.48 kg. The highest
index was 4110.29 kg (31.99% above average) of sire No. 104. The
lowest index was 2558.39 kg (17.85% below average) of sire No.
185. The difference between highest and lowest index was 1551.9

kg.
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Evaluation by index method I3 revealed that 29 sires had
index above the average breeding valune, whereas 25 sires had
index below average. The average breeding value of sires was
3076.87 kgqg. The highest index was 3813.81 kg (23.95% above
average} of sire No. 3143. The lowest index was 2454.30 kg
{20.23% below average) of sire No. 185. The difference between
highest and lowest index was 1359.51 kg.

Further, it was found that by index method I3, there were 26
sires which had index above the average breeding value, whereas
28 éires had index below average. The average breeding value was
2820.67 kg (26.79% above average! of sire No. 3143. The' lowest
index was 2120.91 kg (Zﬁ.BU% below average) of sire No. 185. The

difference between the highest and lowest index was 1433.47 kg.

On evaluvation by index method I4, it was seen that 26 sires
had index above the average breeding value and 28 sires had index
below the average. The average breeding value of sires was
2801.63 kg. The highest index was 3085.67 kg (10.13% above
average) of sire No. 3143. The lowest index was 2499.89 kg
(10.77% below average) of sire No. 185. The difference between

highest and lowest index was 585.78 kg.

4.10.2 SIRE EVALUATION BYIDIFFERENT METHODS ON  THE BASIS QF
PREﬁICTED LACTATION MILK YIELD (PMY) UNDER FORTNIGHTLY
SYSTEMATIC SAMPLING SCHEME FOR KARAN SWISS AND KARAN
FRIES BREEDS

The breeding values of Karan Swiss and Karan Fries bulls
estimated on the basis of their daughter's observed lactation
milk yield (OMY) alongwith their ranks are presented in Table 61.

It was found for Karan Swiss breed that by index nethod I3
there were 25 sires which had index above the average breeding
value, whereas 26 sires had index below average. The average
breeding wvalue of sires was 2492.24 kg. The highest 1index was

3111.18 kg (24.83% above average) of sire No. 1617. The lowest



Table §1. Sire indices and their rapking based on PNY under fortnightly systeaatic sampling scheme by different methods

ire Mo, of I
No.  danghters
per sire
1 M 1053.75
} 1% 712,09
b 6 2710.83
9 6 2129.00
12 21 2467.81
i § 2310.00
16 5 2612.00
17 n 1014.81
n 1 179,91
8 14 M3 14
36 4 10031
40 8 2340.488
il 15 3010.40
56 1 2549.75
0 5 2095.60
13 i0 me. e
13 15 505,27
104 13 592,04
147 9 US4
11 18 035,89
136 N 2038.56
19 £5 1H9n
16 F¥| 1563.43
0 18 2096.78
in 8 2368.11
415 19 1997.11
478 8 23311
48t 7] 1814,50
835 6 2069.50
B48 16 2163.69
g51 13 243,00
47 I 232,68

EARAR SWISS BREED

EARAN FRIES BAREED

R Iy R I3 R I ] Sire Ho. of Iy R I Iy ] Iy R
- e, daughters
per gire

§ 006,83 7 263,29 B 3299 N 1 24 2943,31 3 1700,07 48 2664,29 318 2714.85 A4
Lo 3139.89 1 262,28 18 ML 13 3 117 346455 1F 3210.99 18 3093.27 8 2935,29 ¢
178321 40 81 12 H%.e I 4 18 67144 48 787,01 46 1473378 S0 2615,21 51
13 265497 21 19,17 11 2160 1§ 6 ! 7071 42 \26.05 51 1379.57 51 2659.27 %0
1681 B 2644,22 26 2641.86 26 15 5 209140 34 3J08.82 25 563,00 43 2739,60 238
IJ 911 3B 9740 S0 6535 48 18 10 1986,50 35  3280.85 12 3022.50 16  2098.34 I
11 366,50 26 2M6%.0¢ - 17 6m.b0 13 0 H 2158.50 43 2787.17 45 WMLB) 35 ML.63 41
6 04327 6§ ML L6 273028 14 1) 8 330,88 17 3155,57 13 25288 29 2785.79 28
1L 906,68 8 2066.73 9 275326 Ul LU § 3190.00 21 2961,58 34 163400 42 2158.89 1)
i W A 544,93 3% 256486 13 40 7 682,66 6 351101 6 3250.00 4 2958.06 4
1 .88 nt.80 1 mnu ] L 10 703.50 47 97386 13 2640.50 39 2738,37 29
oo 45 2336083 44 7506.85 19 u. b J158.67 5 d2e2 06 11 075,33 11 2889.03 16
Iooniel 19 mMmuiooun o w908 19 104 1 108,71 354087 3 1420.85 2 d0b6.76 2
M W61 13 2992 W WA W 14 ? 640,29 49 2954.61 38 2528,29 43 2M4.69 36
L W00 46 A0 4 WY dp 148 16 3.6 21 527,23 4 2900.63 18 2900.8) I3
39 1940.10 - 4 AT 0 404,81 42 nw ,u 47.0% 54 N55.70 54 2131.00 54  2501.32 54
1 139373 31 2513.E3 15 2576.44 35 194 8 38,13 33 619,00 o 288,25 52  25M.62 52
0 168304 2 29800 5 2780.03 8 m I 0880 4 368,96 8 30 5 WSH95 6
19 2589.48 1 225R.12 1% T 269094 20 13 14 JMae4 23 309593 28 1355.07 28 AMMNET 3D
1200577 4 309,39 45 243167 50 281 6 J042.35 29 247,78 42 15,96 1 2766.18 31
i 182111 51 466,45 1B 248331 4l i 13 - 2405 19 307,73 10 201246 2 W12 22
0 2240.21 37 253481 M4 2550.84 36 3 il 113,91 40 2959.40 31 2599.64 47 21Nl 45
19 2019.48 47 2909 41 n0.84 &7 340 167 3035.00 3% 264611 52 2623.63 45 2664,67 49
2 155,18 36 586,72 31 2605.42 31 164 X 157,78 15 162,45 12 Im5.M 1 2881.46 1T
N 556,93 27 2679.50 240 2655.07 25 385 36 07.72 13 3M48.05 9 2056.28 20 2915.3% 10
8 0911 .1 2456.84 319 2521.75 38 587 10 3576.70 7 320674 19 3159.30 6 295,75 5
30 8353 25 214396 1 01664 15 16 16 I 9 212 16 LB 15 2935.75 1
500 192558 50 2366.86 42 248391 43 821 5 2197420 36 183546 43 594,60 48 2748.17 34
44 265.48 33 B6.17 36 258201 M4 2507 48 630,21 50 2ML55 47 2670.23 31 2698.75 48
¢ M06.02 28 M66.50 17 838 M7 1391 12 3.3 45 302536 31 2682.25 33 214,19 35
3§ 226526 3 2409.23 0 670.81 1 005 B 3222.50 20 3416.89 7 - NI 7 9.0 9
o 33.40 22 213,92 1 620,82 3 6 14 729.07 44 3030.53 36 2680,36 34 2015 11

contd..u,...
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" oontdesia.. table 61

KARAN SWISS BREED g KARAN FRIES BREED
Sire  No. of Iy R h & 0 R Iy R site No, of n R \I; &R I;, ¢ I ¥
: ¥o.  daughters Ne.  daughters '
per sire per gire

[E—— BTN okl ol A i ] b 1) i e 4t it o i

1039 5 2261.20‘ 3 223331 3 NILI AR 9107 45 KEYS

13 1837.62 41 3106.46 27 2881.08 25 2842.67

e 78,36 12 203.60 16 200270 14 8006 12 3101 B 27,00 12 351399 5 3083.38 10 2909.49 12
1065 16 044,88 45 213340 42 2340.69 43 2459,50 49 3143 § 191486 2 3835.06 1 582,50 1 3096.11 1
1085 1 1663.28 51 2060.42 44 Wiz S1 2393 B 168 9 MG 25 35162 15 I701.11 22 276056 32
1089 12 282,00 9 2895.01 9 303342 2 A6 2 i § Nyl o f 3756.03 14 08467 9 289187 15
1206 N L0026 238241 3% 2667.96 25 265809 M 31222 1 IM9.80 46 2961.01 35 267480 36 IMN2U 4D
s 1o WG 2B 11 19910 ) 10788 6 1231 B 036,88 31 MI6B.51 A 293,00 M 822 B
1288 2% MS.60 15 2L 2 289556 T 281796 4 3236 1. 810,00 3 358485 1 34T O3 980,22 3
1368 16 305456 3 WAL i S 1 93539 YL T I M0 26 MSSE 2 3061 13 2875.8% 28
1416 10 2689.00 15 238660 30 254210 33 289).18 37 Nz . 1 1403.00 14 3063.54 2% 967,36 19 678,55 f8
1561 28 07,68 & 685 33 269715 23 2680.97 {021 B S350 19 2970.95 40 2150.33 30 #7877 27
18171 NIULIE L 288209 1 945,45 4 219348 7 4051 9 WI1,33 10 D214.83 17 M068.78 12 291135 1
1621 25 ML W 0SS 4 188320 8 2009.24 S A066 & . J262.00 §8  2935.34 39 2905.2% 23 24279 M
62 1 633,45 18 365330 5 WYLy & A1 3 44569 ? LY 28 2955.85 36 2MILST 26 2Bl4.42 26
1628 12 636,92 20 2840.93 14 2862.67 10  2756.18 10 475 12 J04L75 30 302298 32 2626.08 46 270,76 42
1§17 2 569,95 13 B8L.18 10 2TBl.E6 27 267991 22 - Ae1 15 100033 13 928,17 M 1634.93 40 .2 83
1655 7 643 4 MR 1S AN 15 264107 18 4093 N 1973.30 37 291436 41 2623,15 46 2696.29 47
nn § M59.40 28 2636.6% 23 2180.80 46 2491.85 40 1101 5 18040 8 3275.00 13 3053.18 14 W8T86 2
1N 5 20,60 17 BB 29 ML 8 MNLH 4 an 8 J3a.50 16 3107.30 26 29%4.75 17 287619 19
, 4121 17 103,06 27 31N.03 W 276212 2t 1ML W

R & 912,88 52 2612.80 33 232,00 53 2553.61 52

9815 84 584,55 51 2691,39 49 2637.32 41 2676.56 4B

where, B = Rank of the sire; Ij = Daughter's average method; Iy = Contemporary comparison method; I3 = heast square anaiysis method
I = BLOP method
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index ﬁas_ 1665.29 kg (33.18% below average) of sire No. 1085,
The difference between the highest and lowest index was 1445.89
kgo

Index method I; showed that there were 24 sires which had
index above the average breeding value whereas 27 sires had index
below the average. The average breeding value of sires was
2525.03 kg. The highest index was 3139.89 kg (24.43% above
average) of sire No. 3. The lowest index was 1821.11 kg (27.87%
below average) of .sire No. 186. The difference between highest

and lowest index was 1318.18 kg.

Further, it was found that by index-method I3, there were 28
‘Karan Swiss sires which had index above the average breeding
value of sires, whereas 23 sires had index below average. The
average . breeding value of sires was 2614.02 kg, The highest
index was 3135.21 kg (19.93% above average) of sire No. 1361.
The lowest index was 2017.71 (22.81% below average) of sire RNo.
1085. The difference between the highest and lowest breeding
value was 1117.50 kg.

When breeding value éf Karan Swiss sires was evaluated by
index method 14, there were 26 sires which had index above the
average breeding value; whereas 25 sires had 1index belcw average.
The average breeding value of sires was 2636.96 kg. The highest
index was 2935.39 kg (11.31% above average) of sire Yo. 1361.
The lowest index was 2392.38 kg (9.27% below average) of sire No.
1085. The difference between highest and lowest index was 543,01
kg.

Similarly, in case of Karan Fries breed, it was found that
by index method I;, there were 25 sires which had index above the
average breeding value; whereas 29 gires had index below average.
The average breeding value of sires was 3120.59 kg. The highest
index was 4108.71 kg of gire No. 104 and lowest index was
2147.09 kg of sire No. 185. The difference between the highest

-

"and lowest indices was 1868.62 kg.
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Evaluation of breeding value by index method Ij showed that
there were 28 sires which had index above the average breeding
value, whereas 26 sires had index below average. The ‘"average
breeding value of sires was 3081.49 kg, The highest index was
3835.06 kg {24.45% above average) of sire No, 3143. The lowest
index was 2455.70 kg {20.30% below average) of sire No. 2455,
The difference between highest and lowest index was 1379.36 kg.

It was found that by index method I3 that there were 26
sires which had index above the average breeding value, whereas
28 sires had index below average. The average breeding value of
sires was 2825.43 kg. The highest index was 3582.50 kg (26,79%
above average) of sire No. 3143 and lowest index was 2131.00 kg
.{24.57% below average} of sire No. 185. The difference between
highest and lowest index was 1451.50 kg.

Evaluation by index method I4 showed that there were also 26
sires which had index above the average breeding vaiue, whereas
28 sires had index below average. The average breeding value of
gires was 2805.52 kg. The highest index was 3096.11 kg (10.35%
‘above average) of sire No. 3143. The lowest index was 2301.32 kg
(10.84% below average} of sire No. 185. The difference between
highest and lowest index was 594.79 kg.

4.10.3 SIRE EVALUATION BY DIFFERENT METHODS ON THE BASIS OF
PREDICTED LACTATION MILK YIELD (PMY!I UNDER MONTHLY
SYSTEMATIC SAMPLING SCEEME FOR KARAN SWISS AND KARAN FRIES
BREEDS

The breeding value of Karan Swias and Karan Fries breeds on
the basis of their daughter's predicted - lactation milk yield
under monthly systematic sampling scheme alongwith their ranks is

given in Table 62.

For HKaran Swigs {(KS) breed, it was found that by index
method 1Ij, there were 27 sires which had index above average

breeding value, whereas 24 sires had index below average. The



Table 61. Sire indices and their ranking based on PMY under monthly systematic sampling scheme by different lethodkk

FARAN SWISS BREED . FARAR PRIES BREED

Sire  Ho. of I R I R [ R Iy R Sire Ho. of I R Iy R I R I R
No.  daughters : fo. danghters
per sire per gire

1 H J653.38 % 301R.W 7 636,96 19 G386 W 2 U 2962.96 36 2723.35 48 2000.54 17 .M
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YARAN SWISS DRERY KARAN FRIES BREED
Sire  No. of Iy 4 Iy R Iy # I f Sire Wo. of h f Iy R I 2 Iy B
No.  daughters Ro. daughters
pet gire per gire

T T o o e e 4 Gt e S e A M o £ R L - % M - ms . e Ak #e B M mr 8 a1 o b A A e Sk o A o e o 21
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____________________________________________________________________________________________________

where, B = Rank of the sire; Iy = Daughter's average method; Iy = Contemporary comparison method; Iy = Least square anaiysis method
T, = RLND malhad i
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average breeding value of sires was 2492.98 kg. The highest
index was 3105.94 kg (24.58% above average) of sire No. 36. The
lowest index was 1657.71 kg (33.50% below average) of sire No.
1085, The difference between highest and lowest index was
1448.23 kg.

When Karan Swiss-sires were evaluated by index method I5,
there were 27 sires which had index above the average breeding
value, whereas 24 sires had index below average. The average
.breeding value of sires was 2527.02 kg. The highest index was
3158.40 kg (24.98% above average) of sire No. 1258. The Ilowest
index was 1817.46 kg .{28B.07% below average) of sire No. 186. The
difference between highest and lowest index was.1340.94 kg.

Evaluation by index method I3 showed that there were 29
gires which had index above ﬁhe average breeding value, whereas
22 sires had index below average. The average breeding value of
Karan Swiss sires was 2616.91 kg. The highest index was 3126.05
kg (19.45% above average) of sire No. 136l. The lowest index was
2005.00 kg (23.38% below average) of sire 186. The difference
between highest and lowest index was 1121.25 kg.

On evaluation by index method I4, there were 28 Karan Swiss
sires which had index above the average breeding value, whereas
23 sires had index below average. The average breeding value of
all sires was 2640.89 kg. The highest index was 2967.47 Kkg
{12.36% above average) of sire No. 1361. The lowest index was
2382.89 kg (9.7% below average) of sire No. 1085. The difference
between highest and lowest index was 553.82 kg.

In case of Karan Fries breed, 1t was found that by index
method 1I;, there were 25 sgires which had index above average
breeding value, whereas 29 sires had index below average. The
averégq breéaing value of sires was 3121.29 kg. The highest
index was 4159.14 kg (33.25% above average) of gire No, 104. The
lowest index was 2137.91 kg (31.50% below average) of sire No.
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185. The difference between the highest and lowest index was
1448.23 kg.

when Karan Fries sires were evaluated by index nmethod I,
there were 28 sires which had index above the average breeding
value and 26 sires had index below the average. The average
breeding value of gsires was 3085.39 kg. The highest index was
3851.24 kg (24.82% above average} of sire No. 3143. The lowest
index was 2444.04 kg (20.78% below average) of sire No. 185, The
difference betweég'highest and lowest index was 1407.20 kg .

~Evaluation by index methced I3 showed that 26 sires had index
above the averége breeding value, whereas 28 sires had index
below the a;erage. The average breeding value of Karan Fries
gires was 2825.43 kg. The highest index was 3585.63 kg (26.90%
above average) of sire No. 3143, The lowest index was 2094.38 kg
(25.87% below average}! of sire No. 185. The difference between

highest and lowest index was 1491.23 kg.

On evaluation by index method I4, it was found that there
were 27 Karan Fries sires which hadlindex above the average
breeding value, whereas 27 sires had index below average. The
average breeding value of sires was 2806.38 ka. The highest
index was 3102.31 kg (10.54% abeve average) of sire No. 3143.
The lowest index was 2493.68 kg t11.14% below average) of sire
No.185, The difference between highest and lowest index was:
553.82 kg.

4.10.4 SIRE EVALUATION BY DIFFERENT METHODS ON THE BASIS OF
PREDICTED LACTATION MTLK YTELD (PMY) UNDER BIMONTHLY
SYSTEMATIC  SAMPLING SCHEME FOR KARAN SWISS AND KARAN
' FRIES BREEDS

The breeding value of Karan Swiss and Karan Fries breeds on
the basis of their daughter's predicted lactation milk vyield
{PMY) uhder bimonthly systematic sampling scheme alongwith their

ranks ia given in Table 63.



fable £, Sire indices and their ranking based on PMY under bimonthly systematic sampling scheme by different methods

RARAN SWISS BREED Co- KARAN PRIES BREED
sire No.of I, R I, R ¥ Iy R Site Ho. of I, kI, R I3 R Iy B
No. .daughters ; Ho. daughters
per sire per Bire
1 1] 3109.75 3 3085.99 4 2689.88 25 2680.09 4 2 1L 1950.50 38 2736.08 48 2653,6) 35 2701.58 42
3 19 Mo 13 3193010 1 2809.86 L6 279%,29 11 ] 11 3395.09 13 3127.10 20 3009.73 13 2884.33 11
b 6 716 WA 39 2884033 100 991 1 4 18 1654,89 48 276044 46 2444.67 50 2592.,50 51
) b 681,83 19 2617.91 14 - 280100 17 2710.33 18 6 1 208000 42 267561 50 2373.71 51 2646.68 49

12 1 MIB.83 17 MG 17 WHD 26 675,18 26 I§] 5 019,40 30 3093.56 27 256460 49 2726.31 36
14 3 1400 35 2286.10 35 2075.20 4% 246685 4B 18 10 2944.50 40 323096 15 2975.70 17 2864.81 17
16 5 2559,20 22 283543 27 M50.00 21 2687.65 22 20 i M0 46 274255 41 2622,54 41 2681.90 46
1? 1 303,56 6 3677.88  f  2180.44 13 2752.97 13 L 8 I 11 3m1ad 16 2840.25 25 2807.61 25
1 11 M5.91 14 285%.29 1) 183613 L4 27sLin 14 u 5 320,80 19 2969.58 34 648,20 37 218,50 1
13 K] 0368.1& 3 2127.2 40 2540.2% 35 2589.84 U 4 ST IS5 155262 3 J00d 14 4 2959.19 5
16 19 3095.94¢ 4 310,97 3 826,51 15 21946 9§ 15 10 683,70 47 2954.53 38 2615.30 43 271370 39
i0 8 320,50 34 2028.69 45 2125.88 45 512,08 40 1 b 1691.50 6 3206,95 18 2990.67 15  2846.94 19
) 15 2960.80 7 2687.68 22 269107 M 267743 35 104 1 025,86 1 J4IT.63 5 1M0L.00 3 2968.10 3
58 L) 152163 25 2819.94 16 2607.63 30 262249 11 iy ! 638,29 49  2955.19 37  2598.43 45 2722.13 38
60 § MI6.60 42 WIT.64 44 2950.60 47 481,51 43 143 15 MIBZE A 348936 4 94730020 24793 13
n k] 74,37 40 185347 50 J418.83 40 N79.53 45 185~ 1 91,36 54 2495.96 S4 - 2147.73 52 2501.87 A
15 15 M64.53 28 234403 33 2522.80 36 2577.49 38 194 § 2258,2% 51 261343 51 2111.50 53 2534.26 52
104 13 618,77 211 2706.62 1% 1953.92 5 28%2.9% 7 T T 7375886 4 3323.27 10 3188.29 6 2920,26 9
147 ) 201940 26 2660.70 23 850,44 11 204351 16 XX 14 318391 22 2105.30 25 22,79 28 263.69 A
173 18 2043.89 47 I0i1.68 46 I3d6.06 44 459,16 50 . 181 26 3022.35 29 2830.01 43 272304 29 2040 1
186 ] 2048.71 46  1828.63 51  2500.36 37 2518.71 39 1 11 194,23 39 1329.20 9 2909.15 21 2844,98 20
153 #$ 2219.98 37 IMB.57 36 2572.00 13 2387.90 35 3 11 296108 37 2983.91 32 2615.73 42 2708.92 41
e ¥ 1951.30 49 1987.58 48 2398.22 41 438,29 46 N 1 2989.09 32 2585.97 51 2575.72 47 2624.07 S50
140 18 00).3% 4 228,41 18 2590.78 37 5.0 13 364 2 1289.61 17  3091.89 28  2857.61 23 2830.19 22
k1Y) ] 422,75 30 2614.72 15 275600 20 7H6.52 20 385 16 3401.56 12 33714 8 2%49.08 1% 2993.35 14
35 1% 1981.58 48 2055.23 43 :6L.11 39 2520.96 38 £87 10 1631.00 7 326443 12 32N S 296460 4
418 28 aM9.07 33 1586.70 16 27BL.60 19 274B.96 1B 146 16 481,044 10 321.30 14 043,69 11 292348 6
18l it 1939.00 50 1933.54 4% 2388.93 42 250,56 42 821 -§ 2980.80 14 2843.05 42 2597.20 46 270495 M
835 6 115,33 1 239898 30 155400 3 261934 12 2507 48 2522,58 50 2765.52 45  2646.04 38 2677.07 47
L 18 248,31 41 23S.00 32 463,06 36 2539,i0 37 AT {1 1763.83 43 3065.63 30 27350 31 2751.73 38
851 13 216,57 3§ 2326.60 34 2609.23 29 26,40 2% 005 - B .-32B0.13 08 436,59 7 116150 7 2922.60 8
- 947 25 2350.44 327 200,20 M 2655.40 28 2655.%) 28 1026 14 41,64 44 3022.5% 31 3661.57 11 2722.81 W2

(4744



Contd- evess Lable 63

FARMN SHISS BRERD | . . XARAN PRIRS BREED
Siee Bo.of L R I, & Iy R Iy R Sire Ro. of Ik I; R I, & I B
Ho. daughters_ #o. daughters
per sire ; per Eire

1039 3 WIS 36 24156 3 240,00 48 88,014 4 041

- 13 2697.92 41 3094.51 26 2062,92 22 M2L56 N

106 N W28.04 11 1821.37 15 846,21 12 114911 W4 3167 8 384,50 15 3464065 6 303425 12 28%6.01 12
1065 16 050,75 45 21849 4 235219 43 UNLSE 1) It B 1885.25 1 3Ll 1 3S30.00 1 3460.93 )
1085 1 i1619.43 §1  1007.38 47 {463.57 51 238437 S AH 1 9 30825 25 32099 17 351,22 36 213208 35
1089 12 133667 9 289,35 9 305300 2 .40 2 117 b 3164.33 23 350,63 13 3060.83 10 2868.,00 15
106 2 BAE W W03 2% 220896 22 269,94 21 11 i 2131.20 45  2966,18 35 2659.30 34 2700.66 49
1216 10 134,30 10 278178 18 00 b 283559 124 B 2980.00 35 3119.74 23 2808,13 26 279332 26
1288 25 M6.56 17 3169.11 2 193040 6 2855.80 4 1256 ] 3g60.86 3 3617.48 2 6L 2 29M.U 2
1361 16 308389 5 2897.11 10 6675 1 296747 g 1298 5 3052,40 27 3116.04 24 2981.80 16 2037.41 21
146 16 728,90 15 1538 28 2591.80 M 2625.00 3¢ 1012 i 152,00 9 3198.5 19 3097.00 9 292294 7
1561 - 183,35 8 1.9 & 61139 17 40,50 27 1 6 26150 24 2886.01 A1 2682.00 32 215314 2
1817 11 LA 1 299337 8 M39.06 3 540 5 4051 $ 219656 M 5144 20 2993.5 14 2067.00 16
1621 25 me.ls 17 3059.27 7 2888.92 9 2821.50 @ 4066 B 3205.38 20 2898.41 40 2853.63 24 2909.91 24
1622 1 MLEL 18 3079.01 5 293,52 7 2863.88 ) )¢9 1 304,71 28 2918.54 39 1775.51 27 2781.63 27
161 12 664,05 20 2086.95 11 291308 B 279501 D 1075 12 2983.58 33 974,53 33 2570.8) 43 2685.44 45
1627 A 143,48 23 2857.36 02 2696.76 23 2685.16 1) 1081 15 1964.87 36 2802.82 44 2605.87 M4 2691.73 M
1655 ] M22.2Y 1 283n64 T4 283904 13 700 17 1083 20 2980.20 3 2965.22 36 2639.60 39 2699.03 M3
m2. 5 481,60 28 270045 20 2208.20 46 2510.42 M 101 5 353400 B 3296.21 11 310L,20 8 2068.64 14
noe. S 2186,60 39 2378.68 31 20720 50 2465.56 49 1102 § 330738 16 3088.91 2% 2967,00 18  2851.44 (8
$121 n 3054.82 26 312474 22 2588 30 M6 32

4218 8 470,75 52 2592.87 52 2094.38 54 2531.95 53

3315 6 2590.48 51 2728.35 49 2634.51 40 2670.85 48

where, R

Rank of the sire; Iy = Daughter's average nethod; Iy = Contemparary comparison wethod; Iy = bezst aquare analysis method
I

BLUP method )

Ll n

£ve
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For Karan Swiss breed, it was found that by index method Iy,
there were 26 sires which had index above the average breeding
value, whereas 25 sires had index below thé average. The-average
breeding value of sires was 2496.66 kg. The highest index was
3194.45 kg (27.94% above average} of sire No, 1617. The lowest
index was 1619.43 kg (35.13% below average) of sire No. leS.
The difference between highest and lowest index was 1575.02 kg.

When Karan Swiss sires were evaluated by index nmethod Ij,
there were 26 sires which had index above the average breeding
value, whereas 25 sires had index below the average. The average
breeding value.of sires was 2528.50 kg. The highest index was
3193.10. kg {(26.28% above.average) of sire No. 1617. The lowest
index was 1828.50 kg (27.68% below average) of sire No. 186. The
diﬁference‘betwegn highest and lowest index was 1364.47 kg. '

Evaluation by index method I3 showed that there were 28
sires which had index above the average breeding value, whereas
23 sires had index below the average. The average breeding value
of Karan Swiss sires was 2633.72 kg. The highest index was
" 3166.75 kg (20.23% above average) of sire No. 1361. The lowest
index was 1983.57 kg (24.68% below average) of sire HNo. 1085.
The difference between highest and lowest index was 1183.18 kg.

When sires were evaluated by index method I4, then 26 Karan
Swiss sires had index above the average breeding value and 25
sires had index below the average. The average breeding value of
- 8ires was 2657.36 kg. The highest index was 2967.47 kg (11.66%
above averagel of sire No. 1361. The lowest index was 2384.37 kg
(10.27% below average) of sire No.I1085. The difference between

highest and lowest index was 583.10 kg.

In case of Karan Fries breed, it was found that by index
method I}, there were 24 sires which had index above the average
breeding wvalue, whereas 30 sires had index_below the  average.
The average breeding value of sires was 3111.45 kg. The highest
index was 4025.86 kg (29.38% above average) of sire No. 104. The



245

lowest index was 2191.36 kg (29.57% below average) of sire
No.1l85, The difference between highest and lowest index was
1834.50 kg.

Evaluation by index method I revealed that 29 sires had
index above the average breeding value, whereas 25 sires had
index below average. The average breeding value of sires was
3070.93 kg. The highest index was 3783.21 kg (23.19% above
average) of sire No. 3143. The lowest index was 2495.96 kg
(18.72% below average) of sire No. 185. The difference between

highest and lowest index was 1287.25 kg.

-On  evaluation by index methed I3, it was seen that there
'were 26 Karan Fries sires which had index above the average
breeding wvalue, whereas 28 sires had index below the average.
The average breeding value of sires was 2805.05 kg. The highest.
index was 3539.00 kg (26.16% above averagel) of sire Xo. 3143.
The lowest index was 2094.34 kg (25.33% below average) of sire
No. 1085. The difference between highest and lowest index was
1444.62 kg.

It was found by index method I4 that there were 26 Karan
Fries sires which had index above the average breedihg value,
whereas 28 sires had index below average. The average breeding
value of sires was 2784.71 kg; The highest index was 3060.48 kg
(9.9% above average) of sire No. 3143. The lowest index was
2501.87 kg (10.51% below average) of sire No. 185. The difference

between highest and lowest breeding value of sires was 608.63 kg.

4,10.5 . SIRE " EVALUATION BY DIFFERENT METHODS ON THE BASIS OF
PREDICTED MILK YTELD UNDER FORTNIGHTLY STRATIFIED RANDOM
SAMPLING SCHEME FOR EARAN SWISS AND KARAN FRIES BREEDS

The breeding values of Karan Swiss (KS) and Karan Fries (KF)
breeds on the basis of their dazughter's predicted lactation milk
yield (PMY) under fortnightly stratified random sampling scheme
are given in Table 64,
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FARAN SWISS BRBED EARAN PRIES BREED
sire Ko.of 1, R I, B q R Iy R site No. of BRI R I3, R I B
Ro.  daoghters Yo, daugbters
per aire per sire

1039 5 202,40 40 207805 40 2091.00. 49 MS5T.65 4D [T 3| 13 2869.85 41 3066.83 28 2858.00 25 283243 2%
1063 23 119,35 11 750,68 18 18481 {5 21856 1) 1ot L IS0 B3 347699 6 3049.00 13 2897.35 13
1065 16 049,19 46 22307 42 MLH 43 U536 4y 4 8 81015 2 3825.26 I ¥r00 b 3923t |
HO8Y - 7 164LD% 5L 202415 44 198643 51 237296 51 1168 9 326,80 26 3254.43 15 2699.44 32 2764.50 31
108 12 81042 10 2879.93 12 300875 @ 2836.80 2 nn b JUS.17 24 3w 1T 30527 11 288431 17
1206 23 3%506.3% 26 295.68 32 2672.52 25 2661.03 N nn 20 20,85 45 297454 33 2691.90 M 2738.75 40
1256 10 128,50 9 786,71 16 299540 3 281260 6 12 8 3070,50 29 318606 20  2921.75 23 2850.14 23
1258 25 . 2719.60 16 314385 1 290436 5 2825.79 4 1256 ! 5043 362394 2 360,29 3 2995.%6 3
1361 16 305531 5 2868.02 14 3I2LL19 C t 0 293090 ] 1293 5 3105.00 28 3148.32 24 3055,00 12 2874.49 18
1415 10 1236,50 14 2476 28 . 2580.70 32 2508.56 31 {12 11 3363.45 14 3036.12 30 2934.91 20 2g64.81 2
1561 29 925,46 8 .M 38 2698.14 12 26814 N 1021 6 354,33 18 940,83 40 2776.33 28 2798.17 8
1617 11 jise.64 1 292013 8 2989.17 4 2B18.08 5 4051 9 2198 10 3092 21 302844 15 2495.90 14
1621 25 5,28 17 3089.38 5 2870.3 9 201,77 7 1065 8 352,13 19 2ML.41 39 2904.75 1 2843.80 24
1522 N 16%1.58 19 309%.1% 6  2891.48 B IBITL55 3 . 4069 ? NI2.14 27 2970.49 35 2852.86 26 2823.20 16
1626 12 2686.17 240 085.3% 11 292,50 1 2NLEE 4 4475 12 2987.08 34 2976.50 3T 2560,50 48  2701.08 46
1621 2 546,33 24 2869.47 13 2682.43 23 2666.98 3 408l 17 2975.27 35 2809.65 44 2623.13 43 2710.86 43
1655 [ SN0 2 2§R6.25 1S 2814.29 13 0777 18 1093 20 2958.10 36 2908.95 41 2619.10 44 . 2695.37 &7
1232 5 2418.40 20 2648.67 23 2148.20 46 2476,29 82 1l0L 5 341280 12 324447 16 2982.00 17 2857.51 22
LRV 5 9,20 37T 396,24 31 2095.00 4B 2458.89 46 1102 § 3293.88 17 J080.3F 27 2958.88 19 2863,92 21

124 11 3139.53 25 3235.45 1§ 2808.06 27 2807.92 27

1226 8 560,63 52  2639.06 51  2190.80 53  2578.43 53

9815 - 44 2592.98 51 201.74 48 2644.36 42 2682.82 48

where, R
T

Bank of the sire; Iy = Danghter's average method; Iy = Contemporary comparison method; 14 = Least square analysis method
BLIP method %

L¥Z
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In case of Karan Swiss breed, it was found that by index
method I, there were 26 sires which had index above the average
breeding value, whereas 25 sires had index below the average.
The average breeding value of smires was 2493.46 kg. The highest
index was 3158.64 kg (26.67% above average) of sire No. 1617.
The lowest index was 1644.29 kg (34.05% below average) of sire
No. 1085, The difference between two extreme breeding values of
indices was 1514.35 kgv-

Evaluation by index method I; showed that 27 sires had index
above the average breeding value and 24 sires had index below the
average. The average breeding value of KS$ sires was 2527.08 kg.
The highest index was 3149.65 kg (24.63% above average) of sire
No. 1258, The lowest ‘index was 1850.00 kg (26.79% below average)
of éire No. 186. The difference between highest and lowest index
was 1299.65 kg. '

Evaluation by index method I3 revealed that there were 30
Karan Swiss sires which had index. above the average breeding
value, whereas 21 sires.had index below average. The average
breeding value of sires was-2611.90 kg. The highest index was
3121.09 - kg (19,49% above average) of sire No. 1361. The lowest
index was 1986.43 kg (23.94% below average! of sire No, 1085.
The difference between the two. oxtreme breeding values of sires
was 1134.76 kg. |

- It was found by index method I4 that there were 26 KS sires
which had index above the average breeding value, whereas 25
sires bhad index below average. The average bréeding value of
sires was 2635.41 kg, The highest index was 2930.90 kg (11.21%
above average) of sire No. 1361. Thé lowest index was 2372.96 kg
(9.95% below average) of sire No. 1085. The difference between

highest and lowest indexes was 557.94 kg.

in case of Karan Fries breed, it was found that by index
method 11, there were 26 gires which had index above the average
breeding value, whereas 28 sires had index below the average.
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In case of Karan Swiss breed, it was found that by index
method I;, there were 26 sires which had index above the average
breeding value, whereas 25 mires had index below the average.
The average breeding value of sires was 2493.46 kg. The highest
index was 3158.64 kg (26.67% above average} of sire No., 1617.
The lowest index was 1644.29 kg {(34.05% below average) of sire
No. 1085, The difference between two extreme breeding values of
indices was 1514.35 kKygv-

Evaluation by index method I, showed that 27 sires had index
above the average breeding value and 24 sires had index below the
average. The average breeding value of KS sires was 2527.08 kg.
The highest index was 3149.63 kg'{24.63%‘above average) of sire
No. 1258. The lowest ‘index was 1850.00 kg (26.79% below average)
of sire No. 186, The difference between highest and lowest index
was 1299.65 kg,

Evaluation by index method I3 revealed that there were 30
Karan Swiss sires which had index. above the average breeding
value, whereas 21 sires-had index below average. The average
breeding wvalue of sires was 2611.%90 kg. The highest index was
3121.,09 kg (19.49% above average) of sire No. 1361. The Ilowest
index was 1986.43 kg (23.94% below average) of sire No. 1085,
The difference between thé two.z2xtreme breeding values of sires

was 1134.76 ky.

It was found by index method I4 that there were 26 KS sires
which had index above the average bree&ing value, whereas 2§
gires had index below average. The average breeding valvue of
sires was 2635.41 kg. The highest index was 2930.50 kg (11.21%
above average) of sire No. 1361. Thé lowest index was 2372,9%6 kg
(9.95% below average) of sire No. 1085. The difference between
highest and lowest indexes was 557.94 kg. '

In case of Karan Pries breed, it was found that by index
method Ij, there were 26 sires which had index above the average
breeding value, whereas 28 sires had index below the average.
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bulls on the basis of their daughter's lactation milk yield under

monthly stratified random sampling scheme are given in Table 65.

In case of Karan Swiss breed, it was found that by index
method I;, there were 25 sires which had index above the average
breeding value, whereas 26 sires had index. below the average.
The average breeding value of sires was 2501.09 kg. The highest
index was 3117.86 kg (24.66% above average) of sire No. 1655,
The lowest index was 1642.86 kg (34.31% below average) of sire
No. 1085. The difference between highest and lowest: index was
1475.00 kg. ‘

Evaluation by index method Iy showed that 27 sires had index
above the average breeding value and 24 sires had index below the
‘average. The average breeding value of sires was 2533.76 kg.
The highest index was 3157.60 kg (24.62% above average) of sire
No. 1258, The lowest index was 1840.65 kg (27.35% below average)
of sire No. 186. The difference between highest and lowest

breeding value of sires was 1316.95 kg.

"It was found by inaex method I3 that there were 2B KS sires
which had index above the average breeding value of sires,
whereas 23 sires had index below the average. The average
breeding value of sires was 2620.29 kg. The highest index was -
3119.19 kg (18.73% above average) of sire No. 1361. The lowest
index was 1993.29 kg (23.92% below average) of sire No. 1085.
The difference between highest and lowest index was 1117.90 kg.

When =sires were evaluated by index method I4, then there
were 26 sires which had index above the average breeding value
and 25 gires had index below the average. The average breeding
value of KS sires was 2642.52 kg. The highest index was
2923.21 kg (10.62% above average) of sire No. 1361. The Ilowest
index was 2385.91 kg (9.71% below average) of sire No. 1085. The

difference between highest and lowest indexes was 537.30 ky.



fable 65. Sire indices and their ranking based on PNY under monthly stratified random sampling scheze by differenh\lethads

RARAK SWISS BREED

No. of

------------------------------------------

KARAN FRIES BREED

Site 14 R i3 R Iy R 0y R Sire Ko, of ] 4 i R I3 R iy i
Re.  davghters Na,  daughters
per sire per gire
l H 42,38 5 29M.26 1 600,46 3] 2613.42 31 2 N 295642 30 2M0.10 45 2675.79 17 .05 )
] 7% M06.9 18 310,54 3 115T.96 20 204,20 13 ] il 148227 9 39,56 1€ 02,55 10 2929.88 7
§ b 680,50 20 40,17 4 11500 1Y 2690.52 { 18 2708.89 46 2842.51 45 2515.831 50 2650.20 51
9 6 1MI.6T 11 24281 23 2805.000 1S 2700.84 19 b 1 2038,43 42 2679.18 53 2148.57 5L 2664.00 50
i ¥ ] 455,30 1 IM.16 19 2630.6% 11 2614.47 28 18 "8 2991.60 34 JN04.3L 27 295680 48 245,80 37
it § 2302.40 36 2280.60 35 H61.80 50 146400 49 11 10 960,60 36 335,74 12 30LL.80 14 2BA7.¢5 A
16 5 2689.00 19 23,85 M B41.E 11 206,37 1B - N 1705.00 43 282206 46 2701.9F 32 4RI 3B
1 n 3018.48 1 1047 .44 b 2.8 1% 42 14 4| 8 106%.00 14 g 2 189,28 28 204,29 N
1i 11 1760.45 17 289235 10 2853.80 10 2M9.%1 12 34 j 322540 26 198347 34 660,20 40 2717L.09 3
i 14 M43,50 30 2m02,42 40 3585.71 31 261019 3 40 ] 1630,29 5 3487.23 5 3243 5 203,20 6
36 49 I 1 NN 1 81T 1 L 7 45 10 2663.90 48  2934.83 36  2616.40 45 2732,07 40
40 ] 2355.50 12 2065.81 44 I3X0.TS 44 251108 3% n b 3615,8 6 36L29 13 9380 12 Bi0.7L XM
il 15 3080.93 3 2829.06 15 178893 16 .00 15 108 i 4146,86 1 35ILL39 3 3459.29 2 M0E0.25 2
5 b!] [JILSE 12 914 9 267296 2% 2663.55 25 147 7 251289 51 M91N2 19 1SSd.d 49 A0 M2
60 L) 213,00 42 W051.17 & 5280 4B 2486.61 45 140 16 120,81 |8 152066 4 007,56 15 2908.97 12
n 1 1131, 18 1939.14 49 2831.30 40 2406.88 44 1835 11 63,45 54 510,73 54 145,82 54 53300 5
75 15 1407 2 190,30 29 2527 M 15M.95 18 194 8 135400 53 2736.29 50 1227.00 52 2609.23 52
104 13 /6838 13 1857.72 11 1BTAL91 01 1769.91 9 m 1 G 4§ 113492 9 324657 4 LIS 4
147 9 M9.67 29 1596.56 25 2759.00 1% 1895.73 M0 m k| 123790 19 6047 A 2808.31 26 2007.81 26
111 18 045,89 &6 201268 48 2318.28 45 141825 50 281 16 084,19 31 2844.25 44 1138.717 30 710,52 1
186 Al 050,42 45 [840.65 51 1475.000 36 2495.45 42 3l 13 2049.85 39 3304.95 10 2%39.69 21 2867.57 18
153 45 2205.4% 40 2232,20 38 528,00 3% 255003 36 4 11 2919.27 40 295,85 35  2586.45 47 M52 45
[ N 1969.70 49 2028,24 41 1396.87 41 7498 46 0 6 1060.46 30 2704.46 51 2647.63 42 2687.09 W
4 18 18,83 43 262,47 36 2609.22 30 2661.59 30 164 pi! 340,26 16 313467 35 91452 23 WAL 17
11y | 2190.98 31 25M4.30 26 2695.88 24 2665.36 24 385 16 1442,69 11 3399.11 7 2990.00 17 2935.04 &
135 19 1006.53 48 2109.03 43 468,95 37 15150 W 667 10 153n.90 7 31eS.86 22 JMNALE0 7T 2929.4 8
418 28 ML 3 19N.90 27 MLl M kel 17 ME 16 484 10 3201.30 18 J040.38 12 2935.81 9
H| 14 1B06.93 S0 1921.31 50 236%.07 42 8L 43 811 5 2367.00 35 2855,93 43 2500.40 46 2754.05 35
815 6 045,83 47 354,53 33 H65.50 38 51 M 2507 0 W 2656.58 49 2B11.95 47 604,21 35 M40 46
848 L6 U140 4 01 3 43850 3y 2520025 18 2981 12 1103.83 47 2994.16 33 265742 4} nl.sr M
B5i 13 1236.00 37 23648 37 W00 32 2619.39 1l 3005 8 N6y M 336656 8. 3LidI5 & .18 1
941 25 .08 M 2068646 I 2615.20 2% .40 9 e 14 LTIy 44 07425 2% -INT.86 1 176459 3]

eOntdsiinisa

16%



contd...ve. table 65

KARAM SWISS BREED

----------------------------------------------------------------------------

-----------------------------

e

KARAN FRIES BREED

-------------

Sire  Wo. af Iy ] Iy R {3 R Ig Sire ¥o. of 1} ] ky R I3 R 14 B
No.  daughters Ko, daughters )
per sire per aire
1633 5 D150 3% 266,59 3 21380 41 9688 4L 304 13 00408 41 316,33 25 290146 M 2850.19 1
ey u 1130 4 28027 17 282,65 13 18110 ue 8 43,63 15 367D 6 IS 13 288448 15
1065 16 . 054,06 4 NI 4T 246,86 43 65,32 4B 34 § 3609.80 1 36795 1 4T6.7F b 3035.46 |
1043 1 1642.86 51 2046.22 46 1990.3% 51 138591 5] 3168 9 22,89 27 3R.20 13 2686422 33 2762.46 34
1063 12 264,67 9 294200 8 - 307042 1 I88%.08 7 nn b 360,50 A 121,43 14 308AT 1L 283,92 Mg
1 2 Wi 7 4857 M B % w9 % na i1 21035 43 293807 37 686,85 3B M98 4
146 18 827,50 L0 M09 1B 299970 3 LI Y S i} ) 3110538 2 209,13 17 2961.88 19 285077 2
1258 minae I 3ST.EE 1 2918,28 5 W8BLST 4 115 ! 382943 7 3560.86 2 L3 mLSE 3
1361 16 036,69 6 1356 14 L8 1 wnno 1 1298 S 0020 22 N85 1% 0.0 6 2893.42 13
s 10 ML 1 M82.5T 18 262000, 28 835605 2T 4012 11 37808 13 305850 36 295208 20 2067.37 19
156 28 M b 2206014 390 269082 13 8L59 2 4021 6 366,33 23 2900.93 40 268533 34 1MI1,95 1
B WIS 1 28188 16 2899.55 & 207068 8 5] y 182,33 & %53 1L R % 0 91673 10
62 75 728,40 13 3083.34  § 890,52 7 21645 B 4466 3 353003 28 2.5 B M3 1T 10188 17
1622 1l 02303 1y 3098.2% 4 w560 4 185302 ) 4069 1 342,47 26 2996.83 37 2886.57 25 2831.81 )5
1636 12 W5h07T 20 18406 12 172,97 ¢ 064,20 0 4075 12 029,67 33 MIN98 31 26.B3 43 270557 W
1627 12 363,43 M 8224 11 04,0 12 48146 N2 4081 13 3038.47 32 295.80 4L 26B3.67 36 2746.25 3
1885 ? A17.86 1 12,99 13 3604 17 2M9.05 1% 409 20 2960.05 37 295,87 3¢ 2619.8% 4¢ 1ot &7
13 5 7.8 B 2675.39 W 496,00 46 230052 4D 4101 5 400 12 3225.08 15 2990 16 85199 22
1310 5 122140 1) 2082.26 30 0160 49 . ML A 4102 8 317,00 17 200,18 28 2983.25 18 2867.28 20
i 17 96.88 29 aes.l 200 6200 B 278597 %
4226 | 252113 52 2663.83 53 191,63 53 258331 3
9815 H W02 56 2952.5) 48 2664.37 19 0t.dE A8
where, R Rank of the sire; Iy = Daughter's average method; Iy

BLUP method

= Contesperary comparison method; I3 = least squate analysis method

26T
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In case of Karan Fries breed, it was found that by index
method I;, there were 27 sires which had index above the average
breeding wvalue, whereas same number of sires had index below
average. The average breeding value of sires was 3117.70 kg.
The highest index was 4146.86 kg (33.01% above average) of sire
Ne. 104. The lowest index was 2163.45 kg (30.60% below average)
of sire No. 185. The difference between highest and lowest index
was 1983.41 kg. .

Sire evaluation by index method 12‘;évealed that there were
28 sires which had index above the average breeding value of
sires, whereas 26 sires had index below.the average. The average
breeding value of sires was 3079.06 kg. The highest index was
3679.45 kg (19.49% above average) of sire No. 3143.° The lowest
index was 2704.,46 kg (12.16% below average) of sire Nc. 185. The
difference between highest and lowest index was 974.99 kg.

It was found by index method I3 that there were 25 sires
~ which had index above the average breeding value of KF sires,
whereas 29 sires had index below the average. The average
breeding value of sires was 2824.41 kg. The highest index was
3476.75 kg (23.09% above average) of sire No. 3143, The lowest
index was 2348.57 kg {(16.84% below average) of sire No. 185. The
difference between highest and lowest index was 1128.18 kg.

When sires were evaluated by index method Is, then there
were 27 sires which had index above the average breeding value of
sires, whereas same number of sires had index below average.  The
average breeding value of KF sires was 2806.96 kg. The highest
index was 3035.46 kg (8.14% above average}) of sire No. 3143, The
lowest index was 2650.20 kg (5.58% below average) of sire No.185.
The difference between highest and lowest indexes was 3185.26 kg.

4.10.7 SIRE EVALUATION BY DIFFERENT METHODS ON THE BASIS. OF
PREDICTED LACTATION YIELD ONDER BIMONTHLY STRATIFIED
RANDOM SAMPLING SCHEME FOR KARAN SWISS AND KARAN FRIES
BREEDS '

The breeding values of sires for Karan Swiss (KS) and Karan
Fries (KF) breeds on the basis of their daughter's predicted
lactation milk yield under bimonthly stratified random sampling
scheme are given in Table 66.



Table 86, Sire indices and their ranking based on PMY under bimonthly stratified random sampling scheme bf different methods

FARAN SWISS BREED : KARAR FRIES BREED
Sire MWao. of I R Iy R I3 R Iy R Sire No. of I R Iy R I R Iy B
Ko,  daughters No. daughters
per gire per gire

1 14 3015.88 3 298L.01 7 2517,88 33 2542.27 13 2 4 /UL 3T W12 5 2657.7% 41 MBS M4
3 1 576 11 3261.80 1 2819.87 11 2193.02 6 3 11 424008 12 3150442 22 305%.73 11 292270 11
6 b 2088.67 18 2028.40 45 237483 42 251443 35 i L8 ITILID 4T 84148 4D 254256 48 266591 51
9 b 2002,00 16  2663.29 201 280%.17 13 . 2687.62 19 6 [ 1653.43 40 2682.06 50 2314.00 51 2674,10 48
12 23 455,91 30 2750.25 k6 2640.78 26 2631.26 26 15 5 087,80 33 3117.36 26 2606.60 44 2764.48 3§
g R 352,00 33 280,47 35 1921.20 497 2364.92 48 18 10 2666.20 39 3172.73 20 2935.40 20  12B66,35 19
L6 '§ 2676.00 19 2637.81 ¥ 849,20 9 2693.31 16 2. o 236354 44 2798.00 A6 2696.88 3B 2742.88 39
11 1 011,93 4 063,63 5 2716.93 20 269088 17 'L 8 3913 13 210,90 17 2816.13 29 281,89 29
il 1] MIAS 15 206679 12 202,18 12 M9.66 12 KL 5 10,40 28 2934.82 39 2565.40 47 2753.98 37
18 H B2 27 A8 38 418,07 37 492,18 38 10 1 INIGT Y J49480 5 328351 4 297001 ¢
36 43 356,33 1 3M99.88 2 2M6.37 16 ML N0 Lk ! 132,30 50 2910.96 40 2579.90 45 17214 @3

0
i § BNAF 32 W3 41 108,25 47 27090 47 W § 750,50 4 1258.39 14 30S6.17 13 2028.27 15
U L Wi11.53 5 76843 15 N80 22 2693.07 2 104 1 205,00 1 3580.21 3 3523.57 2 3042.99 2
56 U 803,35 3 IMLO4 9 2668.83 25 2651.%6 25 147 T - M543 46 3008.78 33 2697.14 37 219,28 33
B0 5 2223.80 38 04146 44 192280 50 2163.42 49 148 16 3263,50 1% 185,31 4 301S.19 16 2921.7% 12
n k11 2189.37 41 1831.62 S0 2399.37 3% MLE 4 185 11 92,36 34 2310 34 2207.00 B 2555.15 54
1% 15 601,87 22 2499.45 28 2621,2) 27 261591 U7 13¢ 8 2429.13 53 2785.73 41 2345.75 52 2656.82 52

04 11 343,05 1% 1660.19 22 2865.46 4 175940 ¢ m 1 3730437 6 3304.36 10 3196.86 5 2941.B1 7

14 3 468.61 29 2610.38 25 2768.78 14 2687.62 18 211 W 38R0 20 3155.25 21 2786.64 10 2803.04 30

172 18 203,46 45 1990.49 48 2306.61 43 2HIA0 45 281 26 3016.04 31 2B17.60 45 2M46.42 31 277139 35

186 n 2032.64 46 182106 51 2472,10 34 2486.25 19 il 13 2924,85 36 3200.91 12  2890.23 25  2852.57 1

193 5 197.84 40 .68 37 254L,22 31 285%.20 31 3 1 2927.64 1% 295350 36 2505.18 46 2713.84 46

16 13 1961.83 49 2005.70 46  2395.13 40  2455.0% 42 11 ) 3033.24 30 2657.34 52 2623.76 43 2670.53 &0

30 18 064,00 & 220101 39 2523,39 32 23538 N 384 1] 3319.70 16 3091.03 27 2890.30 M4 2862.67

i1y § 429,63 31 263491 W 1M15.95 21 650,19 U By 3 383,42 10 J448.96 6 3032,17 15  2970.82 5

415 19 1996,32 47 207706 42 244383 15 M%6.22 1) 687 - 10 j496.50 8  1127.62 23 3682.80 8  2926.52 10

418 28 1L L8 27 2723.32 19 2694489 15 146 16 3552.69 7 331919 3L1356 7 297332 4

81 14 1773.57 50 1840.70 4% 2130.93 46 1780 5L 821 5 B05.60 42 2762.51 48 2414.20 50 2715.18 45 .

815 6 1967.00 48 2232.90 36  2381.67 4L BILAU M 2501 i 2679.42 49 2838.01 44 2701.54 35 1118.71 42

844 16 147,06 &2 252,68 32 M437.75 36 2498.85 36 %1 12 7730.25 45 3026.57 31 2M8.33 M 21333 34

851 13 138,62 31 2044 2 595,00 29 2599.89 29 1005 b Tl 12 388 8 LS 6 2931.95 8

947 25 2300.68 35 2600.52 26  2603,96 28 2604.81 28 026 14 2774.86 43 3083.31 28 2742064 32 28L.43 32

| AT



contdssesss table 66

KARAR SWISS BREED KARAR FRIES BREED

- Sire M. of R ; B N S PR Sire Ro. of I R I & I; B I @
" No.  daughters , Ro.  daughters
per gire _ per gire

1039 5 209,20 39 2156.50 41 1919.40 51 2362,14 50 KNETY 13 2808.08 41 303277 30 844,69 27 283105 7
1063 23 1T46.83 13 2919.84 13 2765.17 15 2720.54 11 07 8 134388 14 33L42 7 2982.63 18 2977.04 17
1065 16 208018 43 0902 40 M07.06 38 2479.13 40 43 8 3945.38 2 . 3847.30 1 363013 F 0 310959 1
1085 1 17357 61 2069.0% 43 01 40 2389.10 46 1168 ! 392,67 23 C3298.91 11 273356 33 2786.18 1
1083 12 188,25 9 2959.68 8 306742 2 2869.69 2 3217 b 3119.67 26 3216.65 15  3069.50 0 2892.12 14
1206 13 MB6.70 28 2385.20 30 2678.26 M 2658.13 0 1 20 704,65 48 2946.25 37 2700,10 36 2750.00 38
1216 10 162,30 10 20&.70 17 1955.20 % 2789.88 7 1231 8 NI5.88 27 3214.8% 16 3001,50 17 2881.73 1§
1258 2% 196,56 17 34192 3 839,45 2B2.60 5 1258 1 1890.14 3 363406 2 3398.00 3 3007.29 3
1361 16 3000.69 6 2033.54 14 308250 1 2910.85 ! 1298 5 3038.00 29 3125.81 24 3032.40 14 2873.53 1}
1416 10 WA 127 39.90 19 I58B.00 30 259709 1D 4012 11 3489.91 9 5.4 25 307248 9 298,11 9
1561 28 Mh86 7 0947 14 13,4 08 2701.06 14 102 b 3295.30 07 2954.9% 35 2823.00 34 2820.06 128
1617 11 964,00 & 231790 19 13608 1T 267792 20 1051 ) 450,00 11 320007 18 3058.00 12 2910.34 13
621 25 M4 14 31233 4 1903.88 4 282508 3 s066 8 1281.88 18 2937.86 38 294200 19  2862.69 20
1622 U 1654.97 20 W49 6 188613 7 W9 ¢4 4069 1 350,57 25 301203 32 2909.14 22 28 A
1626 12 47,50 21 2926.94 10 2896.92 6. 216§ 4073 1 894,92 38 2887.13 41 294,00 49 2671.84 49
1627 1t 53748 26 886.31 11 2695.86 23 266%.11 22 08| 15 2997.67 34 2841.27 43 265640 42 2736.32 10
1655 1 380,29 1 2860.53 I3 284471 100 210,82 13 4093 20 3010,6¢ 32 2990.07 34 2672.05 39 273315 4
nn 5 543,20 2% 2693.92 20 2223.80 M4 UT.68 41 4101 5 127,60 15 3181.32 19 2902.20 23 2840.21 26
K 3 2286.80 36 2377.63 1 140,40 45 440.89 44 4102 8 357,75 20 3055.62 29 2931.88 21 2858.96 22
: T 17 3181.12 24 3278.68 13 2864,06 26  2843.26 25
4226 8 M76.13 52 2627.01 53 210,13 54 2562.08 53

9815 44 - 2622.93 31 275445 49 267041 40 270707 7

where, R = Rank of the sire; I = Daughter's average method; [y = Conteeporary comparison wethod; Iy = Least sqﬁare analyzis pethad
Iy = BLOP method

562



256

Iﬂh cagse of Karan Swiss breed, it was found that by index
method I, there were 27 sires which had index above the average
breeding value of sires, whereas 24 sires had index below the
average. The average breeding value of sires was 2496.85 kqg.
The highest index was 3180.29 kg (27.27% above average) of sire
No. 1685. The lowest index was 1735.57 kg (30.48% below average)
of sire No. 1085. The difference between highest -and lowest
index was 1444.72 kg.

Sire evaluation by index method I; showed that 27 sires had
index above the average breeding value and 24 sires had index
below average. The average breeding value of sires was 2323.82
ka. ° The highest index was 3261.80 kg ¢29.24% above average) of
sire No. 3. The lowest index was' 1821.05 kg (27.84% below
average) of sire No, 186. The difference betweep highest and
lowest index was 1440.80 kg. |

When sires were evaluated by index method I3, then there
were 30 sires which had index above the average breeding value of
sires; whereas 21 sires had index below the average. The average
breeding value of KS sires was 2578.45 kg. The highest index was
3082.50 kg (19.34% above average) of sire No. 1361. The lowest
-index was 1919.40 kg (25.55% below average} of sire No. 183%. The

difference between highest and lowest index was 1163.10 kg.

It was found by index method I4 that there were 27 sires
which had index above the average breeding wvalue of sires,
whereas 24 sires had index below the average. The "average
breeding value of K5 sires was 2607.05 kg. The highest index was
29106.85 kg {11.65% above average) of sire No. 1361. The lowest
index was 2317.80 kg (11.09% below average) of sire No. 481. The
difference between highegst and lowest index was 593.05 kg.

In caze of Karan Fries breed, it was found that by index
method Y;,. there were 25 sires which had index above the avérage
breeding value of =ires, whereas 29 sires had index below the

average. The average breeding value of sires was 3120.76 kg.
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The highest index was 4205.00 kg (34.74% above average} of sire
No. 104. The lowest index was 2192.36 kg (292.74% below average)
of sire No. 185. The difference between highest and lowest index
was 2012.64 kg. '

Sire evalvation by index method I5 revealed that 27 sires
had index above the average breeding value of sires and same
number of sires had index below average. The average breeding
value of sires was 3084.09 kg. The highest index was 3847.30 kg
(24.74% above averad®) of sire No. 3143. The lowest index was
25317.30 kg (18.37% below average) of sire No. 185, The difference
between highest and lowest index was 1330.00 kg.

-

When sires were evaluated by index method X3, then there
were 27 sires which had index above the average breeding value,
whereas 'same number of sires had index below the average. The
average breeding value of KF sires was 2835.54 kg. The highest
index was 3637.13 kg (28.206% above average) of sire No.. 3143.
The lowest index was 2110.13 kg (25.58% below average) of- sire
No. 4226. The difference between highest and lowest breeding

values of sires was 1527.00 kg.

' Purther, it was found that by index method I4, there were 28
sires which had index above the average breeding value of sgires,
whereas 26 sires had index below average. The average breeding
value of KF sires was 2818.85 kg. The highest index was 3109.59
kg {(10.31% above average) of gire No. 3143. The lowest index was
2555.15 kg (9.35% below average) of szire No. 185. The difference
between highest and lowest index was 5534.44 kg.

Discussion on average breeding value of sires by different

methods under various sampling schemes

In the above, the results of evaluation of breeding value of
gireg by four methods on the basis of daughter's observed first
lactation milk yield (OMY) and first lactation milk yield

predicted under six sampling schemes were presented., The average
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breeding values of sires alongwith the range of breeding values
are summarized in Table 67 for Karan Swiss and Karan Fries
breeds. . |

It was found that for Karan Swiss, the highest average
breeding wvalue was obtained for the method I4 (BLUP) under . all
sampling schemes and OMY; the lowest being for method ‘I3
{daughter's average} (Table 8?); The range of breeding wvalues
for method I4 was lowest and for method I; was highest' for all
the sampling schemes and OMY. This indicates that the sampling
schemes did not have any effect.on the relative effectiveness of
the sire evaluation methods. The sampling scheme S3, however,
Igave the highest average breeding value and range of breeding
vélues for every method. Therefore, for Karan Bwiss data it may
he'infefred that least discrimination’ amcng sires was obtaineﬁ by
BLUP method and maximum discrimination by déughter‘s average
index method. Thé sampling scheme 83 (bimonthly systematic

sanmpling) provided the highest discrimination.

For Karan Fries cattle, the highest average breeding value
was obtained for the method I (daughter's average) under all
sanpling schenes and OMY, the Iowest being for method I4 (BLOP)
(Table 67}, The range of breeding values for method Ig was
;owest and for method I} was highest for all the sampling schemes
and OMY., This indicates that the sampling schemes did not have
any effect on the relative effectiveness of the sire evaluation
nethods. The . sampling method S (monthly systematic scheme)
however, gave the highest average breeding value and range of
breeding values. Therefore, for Karan Fries data, it may be
inferred that least discrimination amonyg sires was obtained by
BLUP and maxibobum discrimination bg\"daughtggjg average index
method. The sampling scheme S5 (monthly systematic sampling)

provided highest discrimination.



Table §7. A summary table of sire evaluation by different methods under various sampling schewes

Trait  Method KARAM SHISS BREED KARAN PRIES BREED
hverage of  Ho. of  Ho. of  Maximum Rinimun  Range of Average of _Ho. of  ¥o, of Maxisus  Minimun Range of
breeding sires gires breeding  breeding breeding breeding gires gires  breeding breeding breeding
value ahave helow value value value valne ahave below  value value value
(ky} average  average  Tkgh {ky) [kg) {ky) average  average  {ky) {kq) {ky)
1 2494 29 1 3106{25%)  1670133%) 1436 3114 15 29 4110031%) 2558(18%) 1552
ONY I 1526 n 1 58{2%) 3y 1 077 2 25 IBII(24%)  2454(20%) 1360
! I 1611 22 3 1040193 2008 23%) 1086 320 26 28 IST6I%) A% 1455
Iy 2636 Pk] b} 220111%) 23834 9%) 53p 2601 26 2 J085010%) 2499410%) 585
It} 2492 25 26 IUIT{258)  1665131%) 1448 I 15 1 4108(31%) 2504(17%}  I5M
S} 1y 2528 N U II9(24%)  1821428%) 1318 1081 28 26 IBIS124%)  A86020%) 1379
I3 2614 28 13 3135020%)  2018423%) 1118 1825 26 28 182{20%) AAL(25%r  14%2
T4 1617 2 15 90501E8) 239U 9%) 543 2806 26 pi} J096{10%) 2501(10%) 595
‘ i1 1493 N 4 J106125%)  1658(34%) 1448 1121 25 28 4159(33%) 2138[32%) uN
§y Iy VEN] n H JL50025%)  1817028%) 1341 3085 18 pit IBSLI25%) 2444(21%) 1407
I3 2611 by 2 J26L20%)  2005(24%) 12l 2825 25 28 3585(27%) 2004(26%) 1401
Iy 2641 i n MRTI 8 Ny 653 2806 1 17 I02(1I%)  2493{11%) 554
Il 1497 16 Al 1040208)  1619{35%) 1575 il 1) 10 §026129%) 2191(30%) 1834
83 Iy 25128 26 5 VNI 1B28{28%) 354 - 3070, 1% 25 3783[23%)  2496{19%) 1287
I3 2634 28 P3| I66(200] 19840258 1Im3 2805 26 28 3539(26%) 2094{25%) 1444
Iy 2657 1% 25 296T112%)  2384110%) 583 104 26 1) J060(10%) 2502(11%) 609
contdissaa,

6&¢



contd.ovu. table 67

Trait  Nethod KARAN SWTSS IREED KARAN FRIES DREED

| Average of Koo of Mo, of  Maximum Hinimm  Range of Average of Ho, of  No. of Karisun  Hinioun Range of
- breeding sires sires breeding  breeding  breeding breeding  wires pires  breedipg  breeding breeding

value above  below  value value value . value above  below  value value  valne

{kg} average  average kg {kg! tkg) tkg! average average [(kq} {kq} {kg}

i

I 1494 16 25 FIGLIFZL MU I IR LT I+ 1 3118 26 28 4150(33%) 256{30%) 1990

8 1y n”n 1 4 4BIRG 185 1IN E1L N 2 3926( 4%y ME8%) 1359

13 1612 10 i CIPIESIA YRR T 1% B | K 4] 1h 28 IS226%) N4B(24L) 1425

Iy 1835 . 16 1% 190018 2373{10%% 51 "2808 ¥ Hi Jos2(00% 255A(00%) MY

L1 2501 25 2% SN 1A43A4NY  145) -3 2} 27 4147133%)  2163130%) 1983

85 I3 2534 1 2 15842551 1840{23%) 1317 3074 28 26 16791148} 2704442%) 975

i 2620 28 C 2 IRLET9% Y 1993(243) e - Y 5 B MIBLNY) M4SIITY)Y 1128

iy 2641 6 15 W) 851 1) XY 2806 21 n 3035{ 8%) 2650{ 6%) 185

I 2496 1 ‘Zi IER0(2TAY 173503081 K444 -3 1 8 §205035%) 2191430%) 2012

8 1y 11 N % 1AM 181y 1 1644 4| 2 4Isyy IR 13

Iy 518 H 11 J82420Y)  1919126%) 1163 2015 1 n 363702850 2110426%) 1527

Iy 1507 Iy 4 0000128 BRI 39 1818 I 2% JL09010%1 2555( 4) 554
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4.1} EFFICIENCY OF VARIQUS SIRE EVALUATIOR METHODS ON THE BASIS
OF OBSERVED (OMY) AND PREDICTED (PMY) LACTATION MILK YIELD
UNDER SYSTEMATIC AND STRATIFIED RANDOM SAMPLING SCHEMES
WITH THREE TESTING INTERVALS

An efficient method of sire evaluation should have a minimum
error variance, i.e., within sire variance of the index values.
The sire evaluation method which gives the lowest error variance
was considered to be ggét efficient. The error variances of four
sire evaluation methods on the basis ¢f observed (OMY) and
predicted (PMY} lactation milk yield under fortnightlv, monthly
and bimonthly systematic and stratified random sampling schemes
are presented in Table 68 for Karan Swiss and Karan Fries breeds.

For Karan Swiss breed, it wag found that contemporary
comparison method T had the lowest error variance for OMY as
well as PMY's under all the six sampling schemes. ’ This was
followed by least square analysis method (I3), BLUP method (I4)
and least efficient was daughter's average method (I3;) which had
the highest error variance. Further for I3 the lowest error
variance was obtained when observed lactation milk yield {OMY)
was considered as compared to PMY's under various sampling
schemes. There was increase in error variance with the increase
in interval of recording for both systematic and stratified
random samppling schemes, For the same interval of recording the
stratified sampling had lower error variance as compared to
systematic sampling. The relative éfficiency of method I, under
all six sampling schemes with respect to I of OMY ranged from 86
per cent (scheme Sy) to 100 per cent (scheme S4) whereas relative
efficiency of method I3 under OMY and all six sampling schemes
with respect to iz of OMY ranged from 55 per cent (scheme 53) to
60 per cent {OMY). 1In the same way, the relative efficiency of
method 14 under OMY and various sampling schemes with respect to
I of - OMY ranged from 52 per cent (scheme S3) to 57 per cent
(OMYy whereas for method Iy, it ranged from 51 per cent (scheme
S3) to 56 per cent {OMY). The above results on Karan Swiss
indicate that method Iy {least square analysis method} under OMY
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and various sampling schemes had highest relative efficiency with
the most efficient method of Ip with OMY.

Purther, it 1is néted that for Karan Swiss, the relative
efficiency of method I3 {least squares method) with respect to
method I, ranged from 60 to 90 per cent for various sampling
schemes. The relative efficiency of BLUP method I4 with respect
to method I ranged from 56 to 68 per cent. In similar way, the
relative efficiency of method I; with respect to most efficient
method I ranged froﬁhéﬁ'to 60 per cent for OMY and PMY's under

variocus sampling schemes.

In <case of Karan Fries cattle, it was found  that
contemporary compariscn method I had the lowest error variance
for OMY as well ag PMY's under'systematic and stratified random
sampling schemes followed by least sguare method” I3.  Further,
for I, the lowest error variance was obtained .when monthly
stratified random sampling scheme was considered. It 1is seen
that fortnightly milk recording under both sampling schemes gave
the lowest error variance. For same interval of recording the
stratified sampling " had lower error variance as compared to
systematic sampling. The relative efficiency of Iy methed under
all six sampling schemes with respect to I3 of OMY ranged from 32
per cent (scheme 83) to 106 per cent (scheme S8gi; | whereas
relative efficiency of Rethod I3 under OMY " and six sappling
schemes ranged from 39 per cent (scheme Sg) to 41 per cent (OMY).
In the same way the relative efficiency of method I4 under OMY
and PMY for varicus sampling schenes ranged from 36 per cent
(scheme Sg) to 38 per cent (OMY), whereas relative efficiency of
nethod I; ranged from 9 per cent (scheme Sg) to 38 per cent
{scheme Sj;). The above results on Karan Fries indicate that
method I3 (least square analysis) under OMY and PMY under various
gampling schemes had highest relative efficiency with most
efficient method I with OMY.

Further, the relative efficiency of method Ij with respect
to most efficient method I; ranged from 10 to 41 per cent for OMY
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and. PMY under various sampling schemes, whereas efficiency of
method I3 ranged from 39 to 42 per cent for OMY and six sampling
schemes. In the same way the relative efficiency of method 1I4
with respect to method I, ranged from 35 to 41 per cent for OMY

as well as PMY under six sampling schemes.

It is thus seen from the above results that contemporary
comparison method I) was the most efficient method of sire
evaluation for OMY. as well as PMY's under different milk
recording systems followed hf least square method (I3}, BLUP (I4)
and daughter average indgx (I;) for Karan Swiss and Karan Fries

breeds.

Politick et al., (1967) compared four methods of sire
evaluation, viz., mean production of the daughters, daughtgr
produciion corrected for the level of danms, contemporary
comparison and dam-daughter comparison. They observed that first
two methods were unsuitable when the bull in areas with different
production levels were to be considered, whereas no " valid
conclusions could be drawn about the relative merit of two later

methods because of the small number of daughters.

Jain and Malhetra (1971) reported that the relative
efficiency of contemporary comparison method (I3) was better than
daughter's average methed (Ij) which was similar to the results

of present study.

Gurnani and Nagarcenkar (1982} reported that BLUP method was
more efficient than contemporary comparison method; the
contemporary comparison wmethod had 68.84 per cent accuracy as

compared to BLUP method.

Dempfle and Hagger (1983) found that the BLUP procedure,
where genetic group of sires and herd-year-seasons were also
considered, had 2 per cent high corrg}ation between true breeding
value and its estimate a8 compared t6 contempora}y compAarison

method.
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4.12 ACCURACY OF VARIOUS SIRE EVALUATION METHODS WITH RESPECT TQ
MOST EFFICIENT METHOD ON _THE BASIS OF OBSERVED _(OMY) AND
PREDICTED (PMY) LACTATION MILK YXIELDD UNDER THREE TESTING
INTERVALS OF SYSTEMATIC AND STRATIFIED RANDOM SAMPLING
SCEEMES

In the previous section, it was inferred that contempofary
comparison method I3 foé sire evaluation was found to be most
efficient. Accuracy- of other methods with respect to most
efficient method I, was estimated by determining rank correlation
between index values on the basis of OMY and PMY's under various
sampling schemes obtained by various methods with method I.
Such rank correlations are given in Table 69 for Karan Swiss and .
Karan Fries breeds and accuracy in Table 70 for Karan Swiss and

Karan Fries breeds.

In case of Karan Swiss breed, the rank correlation for
method I;, method I3 and method I4 with most efficient method Ij
ranged from 9.778 to €.801, 0.742 to 8.762 and 0.885 to 0.821 for
OMY and PMY's under various sanmpling schemes, respectively.
These rank correlations were statistically significant (P <
0.01}. This indicates that all methods tended to rank sires with

fairly high accuracy.

Similarly, in case of Karan Fries breed, it was found "that
the rank correlations of methods I;, I3 and ¥4 with most
efficient method I, ranged from 0.734 to 0.770, 0.850 to 0.870
and 0.889 to 0,904 for OMY and PMY's under various sampling
schemes, respectively. These estimates of rank correlation were
highly significant (P ( 0.01). This reveaaled that all methods
tended to rank sires with fairly high accuracy.

Rao (1979) reported that the rank correlation between
daughter'é average and least squares method was higher (0.91) as
compared to that between,éonggmporary comparison and daughter's
average (0.77); the rank correlation between contemporary

comparison and least squares method was 0.75.



Table 69. Rank correlation of different methods with most efficient sire evaluation method (I) for Karan Swias and
Karan Frieg Breeds

Name of trait . KARAN SWTSS DREED - KARAN. FRIES BREED .
Method Tt Mezg;é-.lj Methodk H] i Method Ij Method I3 Method I4
oMY 0.702 0.746 0.805 0.754 0.855 0.891
51 0.792 0.762 0.818 o 0.762 '_ 0.863 0.895
Sy 0.792 0.748  0.813 | 0,763 0.851 0.869
S3 0.801 0.756 | 0.821 0.767 © 0.861 0.902
84 0.778 0.754  0.806 0.758 0.870 0.904
Sg, 0.786 ©0.742 0.807 | 0.751 ' 0.850 0.891
Sg 0.781 0.775 0.818 o o 0.850 0.886

All rank correlations are significant (P < 0.01)

992



Table 70. Observed accumracy of sire's breeding value estimated on the basis of different progeny group size as compared
to breeding value on the basis of 'l5 or above' daughters under various sampling schemes

Sire ‘ Progeny oMY SYSTEMATIC SAMPLING SCHEMES STRATIFIED RANDOM SAMPLING SCHEMES

evaluation group ————- . '

method size Tortnightly Monthly Bimonthly Fortnightly Monthly Bimonthly
(sy) (Sp) (S3) (Sg) (S5) (Sg)

_________ _— ——— - Accuracy (%)
KARAN SWISS BREED

5 63.20 62.80 50.67 - 01.46 63.04 61.30 67.70

g 8 85,149 64.00 fa. 01 N W 4 085,00 86.11 83.72
' 12 . 96,23 96,04 95 .45 : 05 .84 96.23 96 .43 95,84

5 17.22 . 17.22 . 17,55 21.80 17.55 16.32 25.70

s 8 73.10 73.2 : 68,559 C77.61 ‘ 71.74 72.59 69.72
- 12 89.87 89,11, 86.54 89.30 90.63 90.06 87.60

A 27.66 © 28,09 22.27 126.83 25.60 23.71 30.47

I3 8 75.86 73.27 71.74 71.74 74.13 77.08 73.10
12 87.04 86.67 . 85,00 85.74 87.04 87.98 85.74

5 27.G6 28.00 22.09 26.83 25.50 23.71 30.69

14 8 19,04 73.27 71.74 71.74 74,99 77.08 73.10
12 87.04 86.49 85,00 85.74 87.04 87.98 86.11

cromtel s b e v
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contd..,: table 70

Sire Progeny OMY SYSTEMATIC SAMPLING SCHEMES STRATIFIED RANDOM SAMPLING SCHEMES

evaluation group i bt ittt et

et howd size Fortnightly Monthly Nimonthly Fortnightly Monthly Bimonthly
. (81} {59) (53) {S4) (8g) (8g)

——————————————————————— —-~--  Accuracy (%)

KARAN IFRIES DREED ?

42,64 44,35 50,97 39,94 44.35 40.57  43.56

5
T, 8 61.62 62.41 66.25 54,31 62.08 60,21 61.46
12 86.06 86.86 87.98 06.67 86.49 87.42 86.30
5 1.50 00.03 1.06 o 1.00 1.40 3.24 00.31
17 8 17.38 25.50 27.24 20.70 21.16 17.80 14.13
12 58.36 58.67 63.84 65,28 58.98 58,67 52.85
5 37.45 "41.47 43,95 35.04 . 42.51 34,10 42.25
Tx 8 57.45 RG. 4N ¢0.37 45.60 5. 00 55.50 55,35
12 6.0h .32 19.74 78.49 74.49 78.67 75.16
5 37.45 41.47 43,95 - 35.16 42.10 30.03 42.25
T4 8 57.45 56.25 60.37 45.69 59.29 55.50 55.35
12 78.85 70.32 79.74 76,49 76.14 78.67 75.16

89T



269

Bhasin and Rao (1983) reported that ranking of sires using
actual and estimated yields showed that the top 25 per cent of
the sires were ranked more or less in the same manner in all
me?hcds of estimations indicating that any of the sampling plans
could be used for ranking of sires. They used six sampling

schemes using different combinations of aM and PM.

Cordovi et al. {1984) found that there were slight
differences in ranking of bulls by contemporary comparison, least
squares agd BLUOP (including and excluding relationships) method.

Anacker and Dietl (1990} found that predicted breeding value
for milk yield by BLUP method was 10.9 per cent more accurate

than contemporary comparison..

- Tajane and Rai (1990) found that the correlation of breeding
values of Holstein Friesian x Sahiwal bulls by herd-mate
comparison and least sguares with BLUP were greater than 0.80.

Kuznetsov (1988) reported that the correlations between the
BLUP, with and without consideration of relaticnship matrix, and
contemporary comparison methods ranged from 0.865 to 0.957 and
from 0.893 to 0.953 in Black cattle. '

Parekh and Singh (1989) found in Holstein Friesian x Gir and’
Jersey x Gir crosses that least squares nmethod was better than
BLUP; however, the correlation betwsen the two nethods was 0.94.

Jovanovac (1989) reported that correlation between breading
values deternined by BLUP and contemporary comparison was 0.77

for milk yield.

In the present investigation, however, the contemporary
comparison method was found to be more efficient than least
sguares and BLUP methods. This indicates that the adjustment for
year-season environmental effects wés more effective in

- ¢ontemporary comparison as compared to the other ™ methods.



However, the rank correlatlons of BLUP and lieast squares method

with contemporary comparlson were fairly hlgh.

4.13 PROGENY GRODP SIZE REQUIRED ON THE BASIS OF PART LACTATION
RECORDS TO GET TEE SAME EFFICIENCY OF SIRE EVALUATION AS
OBTAINED ONDER COMPLETE LACTATION YIELD

It is expected that the accuracy of breeding value of sires
on the basis of part lactation records of their daughters would
be lower than that obtained on the basis of complete lactation
vield of daughters. This is because part 1lactation vields
contain less information on the milk producing ability of cows asg
compared to complete lactation vield. Also part lactation
records are expected to be subjected to larger influence of
temparary’environmentai effects. These aspects are quantified by
the estimates 'of heritability of part records versus COmgléte
lactation records. Further, the phenotypic hand genetic
correlations of part records with complete lactation records are
less than one and so the accuracy of predictability of conplete
lactation yield on the basis of part records will be Ilower.
. Therefore, to get the same accuracy of evaluation of breeding.
value of sires on the basis of part records as cémpared to

complete lactation yield, more daughters would be .needed.

The progeny group size on the basis of part records for a
given number of daughters with cooplete lactation yield to get
same accuracy was determined by two methods as elaborated in
Materials and Methods, Thege methods use the estimates of
heritability of part records and complete records, and genetic
correlation between themn. Since all these estimates are
subjected to sampling errors so it was found that for certain
progeny numbers with complete lactation yield, the progeny number
for part records was coming to be negative. Similar result was
reported by Ipe (1979). Such numbers have been indicated by
letter ‘NE' in the Tables 71 to 75. The estlmates of progeny
group size with part records reguired to prove a alre w1th same
accuracy of proof as based on fized number of daughters with



{300 days) in Karan Swise breed

Table 71. Progeny grqug gize with fortnightly Sart Hield records required to prove a sire with same accuracy of proof as based on fized number of
danghters with coaplete lactation yiel
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Table 72, Progeny grouﬁ size with fortnightly gart Hie}d records required to prove a sire with mame accuracy of proof as based on fixed number of
daughters with coaplete lactation yield (300 days} in Raran Pries breed
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Table 73, Progeny gqroup size with menthly part yield records required to prove a sire with same accuracy of proof as based on fired number of
daughters with complete lactation yield {300 days) in Karan Swiss breed
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Table 74, Progeny group size with monthly part yield records required to prove a sire with pame accuracy of proof as based on fized nuaber of
daughters with coaplete [actation yield (388 daye} in Karan Pries breed
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Table 15, Progeny group size with bi-monthly part yield records required to prove a sire with same accuracy of proof as based on Fixed nuwher of

daughters with complete lactation yield {300 days} in Raran Swiss hreed

KARAN SW1SS BREED

FARAN FRIES BREED
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complete lactation yield under different intervals of part yields
are given in Table 71 to 75.

It 1is seen from these tables that the part yield for which
heritability was higher, less number of daughters were required
as compared to part yvield with higher heritability. FPor example,
for fortnightly part vield of Karan Swiss, when there were 5
records with complete lactation, the number of daughters
required " under first fortnightly vield was 19 by both methods.
This number reduced to 8 for 2nd to 4th fortmight. The number
was generally higher than 5 for most of part records except for
10th fortnight for method 2. The number of progeny requirea was
aimost similar for part Fecbrds during 9th or 110th fortnight
{(mid-lactation) as GCompared to number required for complete
lactation yield. Xeeping in view the sampling variation of the
estimates used, if appears that number of part records around 9th
fortnight was nearer or slightliy higher than the number required
for complete lactation yvield. The mid lactation fortnightly part
yield had the highest heritability. The later fortnightly part
yields (17th to 18th) had low heritability. Therefore, for 17th
to 18th fortnight, the number ¢f daughters required with part
records was ﬁot estimable as the denominator of the eguation

became negative.

In case of Karan Fries cattle, the number of daughters with
mid-lactation’s fortnightly part records (9th to 13th fortnight)
required to give the information eguivalent to that of different
progeny group size with complete lactation yield, would be nearer
or slightly higher than the number of daughters with complete
lactation yield, due to higher heritable part of lactation. The
initial and terminating fortnightly part yields required more
number of additional daughters to give same accuracy of sire
evaluation as compared to daughters with complete lactation milk
yield (Table 72). A similar trend for the number of daughters
with monthly and bimonthly part records was found to give the
same accuracy for sire proof to that of proéeny group size with
complete lactation for both breeds (Tables 73 to 75}. In the



277

present study, the number of daughters with part records
required; for increasing accuracy to the same level as for
complete lactation becomes comparatively large since the genetic
correlation between part vield and complete lactation yield is
lower. The difference between numbers becomés more pronounced
with increase in the number of daughters with complete records
after a certain stage. Such differences were pronounced- beyond
15 daughters with complete records in case of fortnightly an&
monthly part vield and beyond 25 in case of bimonthly part yield,
When part Jlactation records are used to estimate the breeding
value of sires for complete lactation yield, there is a range of
number\ of daughters when part lactation records can Ets egually
efficient, This depends on the heritability of the . part
lactation and its genetic correlation with complete lactation
yieid. As the aim of sire evaluation is to rank the bulls on the
basis of their daughters records as early as possible in order
not to increase the generation interval, the use of daughters
"with part records can be useful. However, slightly more number

of daughters would be needed.

Searle (1961b) reported that the number of daughters with
part records required to give the information eqguivalent to that
of 30, 40 and 50 daughters with complete yield would ke 40, 60
and 80. vanVieck and Henderson (1961) estimated the number of
daughters with five months records required in place cf 20, 30,
40, 50 and 100 daughters with complete records as 27, 34, 65, 092
and 476 respectively. -

Ipe (1979} reported that the progeny group size needed 1in
place of.10, 12, 15, 17, 208, 22 and 25 daughters with 300 days
yield, the number with 150 days yield found necessary were 11,
14, 20, 24, 32, 29 and 52. For evaluation on the basiz of 210
daya vyield, the corresponding daughter records needed were 11,
13, 17, 19, 23, 26 and 31. L o
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4.14 OPTIMOM PROGENY GROUP SIZE BY DIFFERENT METHODS OF SIRE
EVALUATION UNDER OBSERVED LACTATION MILK YIELD (OMY) AND
PREDICTED LACTATION MILK YIELD (PMY's) UNDER VARIODS
SAMPL.ING SCHEMES

The breeding values of gsires were estimated separately on
the basis of four progeny group sizes, viz. first 5, 8, li and
"15 or above" daughters performance with respect to OMY and PMY's
under various sampling schemes. Four methods of sire evaluation
were applied, wviz. daughter's average 1index method (1),
contemporary comparison methed {I5), least squares mpethod (I13)
and best linear unbiased prediction method (I4)., The lactation
milk vyields were predicted under fortnightly, monthly and
bimonthly systematic and stratified wandom sampling schemes. The
correlation between the breeding values of sires based on
different number of progeny group sizes with the breeding ~ value
on.tha basigs of "15 or above" daughters were estimated separately
for Karan Swiss and Karan Fries breeds (Tables 76 and 77). Such

correlations indicate the repeatability of sire evaluation.

It was found that the correlation between the index I; based
on 5 daughters with that based on "15 or above" daughters ranged
from 0.766 (scheme Sp) to 0.819 (scheme Bg). This indicates that
accuracy of sire evaluation based on five daughter’'s ranged ZfLrom
58 to 68 per cent. When 8 daughters per bull were available, the
above estimate of correlation ranged from 0.910 (scheme S3) to
0.928 (scheme Sg), which indicates that the accuracy of sire
evaluation ranged from 82 to 86 per cent. When 12 daughters per
gire were available, the correlation of breeding values with that
based on "15 or above" daughters ranged from 0.977 (scheme S5} to
0.982 (scheme’ 8g). This indicates that the accuracy of sire

evaluation ranged from 95 to 86 per cent,

Further, it was observed that the correlation between the
index I based on 5 daughters with that.based on "13 or above®
daughters ranged from-0.404 (gcheme S5) to 0.507 (zcheme Sg).
This indicates that accuracy of sire evaluation ranged from 16 to



Table 76. Correlation between breeding value of bulls on the basis of different progeny group size with that based
*15 or above" daughters' breeding value under various sampling schemes in Karan Swiss breed

on

Sire evaluation Progeny OMY S1 57 ” 53 S Ss s6
nethod : group :

size
Daughter 5 | 0.795* G.793* 0.766* . 0D.784* 0.794* 0.783* 0.819*
average 8 0.923** 0.917%* 0.910** 0.912*%* 0.922*%* ©0.928%* 0.915%*
method (Tp) 12 o 0.981** 0.980* 0,977*" 0.979** 0.981%% 0.982*x 0.979**
Contanporvary D 0.415 0.415 0.419 0.467 0.419 0.404* 0.507
canparison 8 0.855%* 0.856** 0.828** 0.881** 0.847** 0.852%% 0.835%*
method (I9) 12 0.948**  0.944** 0.941** = 0.945** 0.952** 0.949%* 0.936**
1east 5 0.526 0.530 0.472 0.518, °  0.506 0.487 0.552
square 8 0.871** 0.Gh6%* 0.847** 0.047** 0.861** 0.87g%* © 0.855*%%
method (I3} 12 0.933*~ 0.931** 0.922%* 0.,926** 0.933** 0.93g** 0.926%*
BLUP 5 0.526 0.530 0.470 0.518 0.505 0.487 0.554
method (Ig) 8 : 0.632* 0.856** 0.847** - 0.847** 0.866** D.B78** 0.855%*

12 0,933** 0.930%* 0.922**  0.926** . 0.933** 0.938** 0.928%*

* gignificant (P < 0,08)
 Significant (I < 0.01)

6le



Table 77. Correlation between breeding value of bulls on the basis of different progeny group size with that based on
"15 or above" daughters’ breeding value under various sampling schemes in Karan Fries breed

Sire evaluation Progeny OMY 51 So S3 Sg S5 S6
method | group :
$iz0

Daughter 5 0.653 0.666 0.714 0.632 0.666 0.637 0.660
avearage 8 0.785*~ 0.790** 0.814** 0.737%* 0.793%> 0.776%* 0.784*%*
method (Xq1) 12 0.932%* 0.932** 0.938** 0.931%* 0.930%* 0.935** 0.929%*
cont cporary 5 ~0,124 -0.010 n.103.. f.100 ~-N.119 ~0.180* 0.056
comparison 8 0.417 0.505 0.522 0.455 .460 0.422** 0.376
method (I5) 12 0.764** 0.766** 0.799%* 0.808%* 0.768** 0.766** 0. 727%x
Loast 5 0.012 0.044 0.663 0.592 0.652 0.548 0.650
stuare B 0.758* 0.751* Q.777** . U.076%* 0.774*%* 0.745* 0.744*
method (I3) 12 0.888** 0.885%* 0.893%* 0.886%* 0.886%* 0.887** 0.867**
BLUP 5 0.612 0.644 0.663 0.593 0.649 0.548 0.650
method (Iy) 8 0.758* 0.750* 0.777%* 0:.676%* 0.770** 0.745* 0.744*

12 0.808** 0.885** 0.093** 0.886%* 0.884%* 0.887** 0.867**

*oaibgiCivant (I~ 0.06)

*%x Significant (P < 0,01}

0BT
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25 per cent. When 8 daughters per bull were available, the above
estimates of correlation ranged from 0.828 (scheme S5} to 0.881
(scheme S§3) which revealed that the accuracy of sire evaluation
based on 8 daughters ranged from 69 to 78 per cent. When 12
daughters per sire were available, the correlation of breeding
values with that based on "15 or above™ daughters ranged 'ﬁrom
B.941 {(scheme S3) to 0.552 (scheme S4}. This indicated that the
éccuracy of sire evaluation ranged from 89 to 91 per cent.

For index I3, it was found that the correlation between
index based on 5 daughters with that based on "15 or above"
daughters ranged from 0.472 (scheme Sy} to 0.552 (scneme Sg),
This -indicates that the accuracy of sire evéluation bazad on five
daughters ranged from 22 to 30 per cent. ﬁhen 8 dauchters per
bull were available, the above eétimates of correlation ranged
from 0.847 ({scheme 55) to 0.861 {scheme 34). This reveals that
the accuracy of sire evaluation ranged from 72 to 74 per cent.
When 12 daughters per sire were available, the c¢orrelation of
breeding value with that based on "15 or above” daughters ranged
from 6.922 (scheme S3) to 0.938 (scheme Sy), which indicates that

the accuracy of sire evaluation ranged from 85 to 87 per cent.

For index 1I4, it was found that the correlaticn between
index based on 5 daughters with that based on "15 or above”
daughters ranged from 0.470 (scheme S3) to  0.554 (scheme 8g)
which indicates that the acéuracy of sire evaluation ranged Ffrom
22 to 31 per cent. When 8 daughters per bBull were available, the
correlation between breeding values ranged from 0.632 fscheme S7)
to 0.878 {scheme S5). This indicates that the accuracv of sire
evaluation ranged from 39 to 77 per cent. When 12 daugnters per
sire were available, the correlation of breeding value with that
based on "135 or above" daughters ranged from 0.922 (scheme S3} to
3.938 <(scheme Sg). This reveals that the accuracy of sire
evaluation ranged from 85 to 88 per cent. '

—ff' ig seen from Table 76 that the estimates of correlation

between breeding values based on 8 and 12 daughters with that
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based on "15 or above® daughters were statistically significant
{P < 0.01) for all four methods of sire evaluation, whereas the
estimates of correlation between breeding values based on five
daughters were found to be not significant under indexes I2, 13,

and Is of sire evaluation.

In case of Karan Fries breed, it was found that correlation
between the index Ij based on 5 daughters with that based on "15
or above" daughters_ ranged from 0.632 (scheme S3) to 0.714
(schepe S9). This indicates that accuracy of sire evalwation
based on five daughters ranged from 40 to 51 per cent. when 8
daughters per bull were available, the above estimatrs of
correlation ranged from 0.737 (scheme S31 to 0.814 {scheme 331},
which reveals that the aécuracy of sire evaluation ranged from 54
fto 66 per cent. When 12 Baughters per sire were available, the
correlation of breeding value with that based on "15 or above™
daughters ranged from 0.92 (scheme Sg) te 0.938 (scheme S3).
This indicates that the accuracy of sire evaluation ranged from

86 to 88 per cent.

In similar. way, for index I, it was observed that the
correlation between index based on 5 daughters with that bazed on
"15 daughters and above” ranged from -0.018 (scheme S3) to 0.103
{scheme S9} which indicates the range of accuracy of sire
evaluation as 0.03 to 3 per cent. This is due to small size of
progeny for their contemporary daughters in the data. When B8
daughters per bull were available, the estimates of correlation
ranged from 0.376 {(scheme Sg) to 0.505 (scheme 8;) which gavs the
range of accurécy of sire evaluation from 14 to 27 per cent.
Further, when 12 daughters per sire were available, the
correlation of breeding value with that based on "15 ‘or above"
daughters ranged from 0.727 {(scheme Sg) to 0.808 (scheme S3).
This indicates that the accuracy of sire evaluation ranged from
53 to 64 per cent.

Similarly for index I3, it was found that the correlation
between the index based on 5 daughters with that based on "1% or
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based on "15 or above” daughters were statistically significant
(P < 0.01) for all four methods of sire evaluation, whereas the
egtimates of correlation between breeding values based on five
daughters were found to be not significant under indexes I2, I3,

and I4 of sire evaluation.

In case of Karan Fries breed, it was found that correlation
between the index I; based on 5 daughters with that based on "15
or above" daughters  ranged from 0.632 (scheme 8S3) to 0.714
(scheme 89). This indicates that accuracy of sire evaluation
based on five daughters ranged from 40 to 51 per cent. wWhen 8
daughters per bull were available, the above estimates of
correlation ranged from 0.737 (scheme S3) to 0.8l4 {scheme 33},
which reveals that the aécuracy of sire evaluation ranged fron 34
to 66 per cent. When 12 éaughters per sire were available, the
correlation of breeding value with that based on “15 or above®
daughters ranged from 0.92 (scheme Sg) to 0.938 ({scheme S3).
This indicates that the accuracy of sire evaluation ranged from

B6 to 88 per cent.

In similar way, for index Ip, it Qas cbserved that the
correlation between index based on 5 daughters with that bazed on
"15 daughters and above" ranged from -0.018 {scheme Sy) to 0.103
(schete S9} which indicates the range of accuracy of sire
evaluation as 0.03 to 3 per cent. This is due to small size of
progeny for their contemporary daughters in the data.  When B8
daughters per bull were available, the estimates of correlation
ranged from 0.376 {(scheme Sg)} to 0.505 (scheme Sy) which gave the
range of accurécy of sire evaluation from 14 to 27 per cent.
Further, when 12 daughters per s8ire were available, the
correlation of breeding value with that based on "15 ‘or above"
daughters ranged from 0.727 (scheme Sg) to 0.808 (scheme S3).
This indicates that the accuracy of sire evaluation ranged from
53 to 64 per cent.

Similarly for index I3, it was found that the correlstion
between the index based on 5 daughters with that based on "1% or
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In case of Karan Fries breed, it was fouud that when there
were 5 daughters per bull, the method I; under fortnightly
systematic and stratified random sampling schemes gave highest
(44%) accuracy of sire evaluation. Further, when 8 daughters per
bull were available, the method I; under monthly systematic
sampling scheme gave highest (66%) accuracy of sire evaluatién.
In the same way, when 12 daughters per sire were available, the
method Iy under mottthly systematic sawpling scheme gave the
highest (B8%) accuracy.

It is, thus, seen that the breeding value estimates based on’
12 daughters per sire using method Iy (daughter average method)
estimate had highest accuracy. However, the results on
_efficiehCy of sire Evaluatioﬁ.methods‘indicated that contemporary
'compariSQn ﬁethod was most. efficient in this data. The
contemporary comparison méthod had very low accuracy when the
progeny group size was very small (5 to 8). When the progeny
group size was 12, the accuracy of sire evaluation by
contemporary comparison was comparable to daughter average method
and other methods.

From the above results, it is alsc seen that when the
progeny 9group size was increased there was increase in accuracy

of gire evaluation in every case as theoretically expected.

Further, it is observed that the accuracy of sire evaluation
on the basis of test records of daughters upnder the twe sampling
schemes and three intervals of recording were similar to the
accuracy of sire evaluation based on observed lactation milk
yield (OMY). This indicates that any ©f the sampling schenmes
could be employed. In field conditione, bimonthly recording
uvnder stratified random sampling scheme could be used. This
gsystem of sampling would not have ény biases in practice as the
farmer would not knoﬁ, much in advance, as to the day on which

his cow will be milk recorded.
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Lush (1933) was of the opinion that a minimum of five
daughters per bull were required in evaluating the sire's genetic

merit,

Nazarenko (1970) determined optimum progeny group size of
sires in Red Stepple anleussian Simmental cattle. Correlaéibns
were calculated on the performance of all daughters with that of
first 5, 10, 15, 20, 25, 30, 40 and 50 daughters. For milk

yield, 15 to 20 daughters per sire were recommended.

Mollar (1976) considered progeny tests with less than 20
daughters of little value and increasing group size above 40 as

unnecessary.

Kretzechnar and Rose (1976) computed the breeding values
based on 10, 20, 30, 40, 50 and 60 daughters and found that with
30 daughters per sire group, breeding value could be estimated

fairly accurately.

Rao (1979) studied the repeatability of breeding value
estimates based on daughter's average and contemporary comparison
methed of sire evaluation using first 5, 10 and 50 daughters.
He reported that accuracies of breeding value estimates, based on
5, 10 and 50 daughters, were 0.42, 0.46 and 0.50 for daughter's
average and 0.23, 0.25 and 0.49 for contemporary comparison

nethod of sire evaluation.

Bhullar and Dev (1986) reported higher accuracy of breeding
values based on daughter's average method of sire evaluation

using 8 and 15 daughters, being 0,67 and 0.74.

Winkelman and Schaeffer (1988) studied the repeatability of
breeding value estimates based on least squares method using
three linear ﬁodels. They observed that the accuracy of breeding
value estimate based on 20 daughters ranged from 0.50 to 0.57 for
three linear nodels. Tajane and Rai (1990) found the
repeatability of breeding value estimates based on daughters with
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50 per cent exotic inheritance, using least sgquares method of
sire evaluation, as 0.57 for Holstein sires and 0.62 for Sahiwal
sires. )

4.15 COST OF FIELD RECORDING OF DAUGHTERS UNDER VARIQUS SAMPLING
SCHEMES FOR SAME ACCURACY OF PROGENY TESTING OF BULLS WITH
VARYING PROGENY GRQUP SIZE

The number of daughters reguired per crossbred sire under
various sampling schemes and observed milk yield (OMY)} for the
same accuracy of sire evaluation were estimated (Table 78}. It
.was found that the percentage of more daughters reguired under
various sampling schemes as compared to OMY was 0.97 per cent for
fortnightly systematic sampling schemes (S3;), 2.44 per cent for
monthly systematic sanpling scheme {S2), ©€.54> per cent for
bimonthly systematic sampling schemes (S3}; 1.09 per cent for
fortnightly random sampling (S4), 2.90 per cent for monthly
stratified random sampling (Sg) and 8.37 per cent for bimonthly
stratified random sampling ({5g). The number of daughters
required under stratified random sampling schemes would - be
slightly higher than those required under systematic sampling
schemes. The number of daughters required was rcunded to the
nearest unit place (Table 78). Xt was found that for fortnightly
sampling schemes, the number of daughters required was almost
same as for OMY. For higher accuracy the number of daughters
under monthly and bimonthly recording would be slightly higher
than those required-unaer fortnightly sampling scheme. The cost
of recording milk yield on a day was taken as Rs.6.00 per test
record. It was found that for same accuracy of sire evaluation
the cost of recording was Jlowest for bimonthly recording.
Further, the cost of systematic sampling was lower than that of
bimonthly stratified random sampling. For exanmple, when 50
daughters per sire are reguired for observed milk yield with
complete recording of lactation, the number of daughters required
under bimonthly systematic sampling (S3) would be 53 and wunder
bimonthly stratified random sampling would be 54. The cost of
recording under S3 would be Re.1,590 and under Sg would be
Rs.1,620. Therefore, it may be <concluded that bimonthly
systematic sampling scheme iz cheaper. As seen in the earlier
section for getting unbiased test records in field conditions,
the bimohthly stratified random scheme was desirable; this will
require slightly more (about 4%) cost.
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5. SOMMARY AND CONCLUSIONS

The present investigation was conducted on Karan Swiss (XS)
and Karan Fries (KF} cattle maintained at Naticnal 6airy Research
Institute, Karnal. The.data comprised of 2,96,496 daily records
of 1044 cows in first lactation milk yield of Karan Swiss breed
spread over a period of 17 years {(from 1970 to 1987) and 2,38,810
daily records of 835 cows in first lactation milk yield of IKaran
Fries breed spread over a period of 15 years (from 1974 ‘to 1938)¢
The number of sires were 51 for Karan Swiss and 54 for HKaran
Fries. The records 6f both breeds of cows of known pedigree with
‘normal lactation were included in analysis.' Lactétion- records
shorter than 120 days were excluded from the study. The traits
conéidered were: observed first lactation milk yield (OMY), age
at first calving (AFC), predicted first lactation milk yield
(PMY) under fortnightly (83), monthly (S;) and bimonthly (53}
~systematic- sampling Schemes, fortnightly (S4), monthly (Sg) and
bimonthly tssJ stratified random sampling schemes and fort-
nightly, monthly and bimonthly part lactation yield and monthly

cunulative yields.

For EKaran Swiss, the overall least squares mean of OMY was
2639.98 + 35,76 kg. The average predicted lactationm milk vyield
(PMY) on  the basis of S;, -8) and §3 were 2640.67 + 35.84 Kkg,
2646.25 + 36.39 kg and 2665.46 + 37.00 kg, respectively and under
Sg, S5 and Sg were 2640.07 + 35.84 kg, 2645.37 *+ 36.00 kg and
2651.88 + 36.37 kg, respectively. In case of Karan Fries, the
overall least squares mean of OMY was 2768.65 + 55.02 kg. The
average PMY's on the basis of S;, Sy and S3 were 2770.36 + 55.20
kg, 2770.67 x 55.61 kg and 2751.89 + 56.88 kg and under §g, Sjx

and Sg were 2773.76 + 55.16 kg, 2777.34 + 55.04 kg and 2793.17 =+

56.31 kg, respectively.
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The effects of periods and genetic groups were statistically
significant (P < 0.01) on OMY as well as PMY's under various
sampling schemes as well as intervals of recording in both
breeds. The effect of season on OMY and PMY's under six sampling
schemes was statistically significant in case of Karan Swiss and
PMY's under monthly and bimonthly recording schemes for Karan
Fries; however, it was not significant in case of fortnightly
systematic sampling scheme in Karan Fries. The effect of age 'at
first calving on OMY and PMY's under six sampling schemes was not
significant in case of Karan Swiss but highly significant in case
of Karan Fries. The OMY as well as PMY's under various sampling
schemes were found to be highest in autumn and lowest in spring
for both the breeds., 1In case of KS, the highest OMY as well as
PMY's wunder systematic sampling schemes were found to occur for
genetic grbup Fl k301?.66 kg) ‘and lowest for genetic group F2
_(2482.44_ kg). 1In case of stratified random sampiing scheme of
KS, ‘the highest PMY (3021.23 kg) occurred for genetic group Fy
and Jlowest PMY (2491.82 kg) occurred for geneﬁic group of . inter
se mated cows. The least squares means of OMY and PMY's under
six sampling schemes for Karan Fries were found to be highest in
genetic group H x.T crosses and lowest in genetic group H x JT

crossges.

The season and period of calving and genetic group had
influenced all 20 fortnightly, 10 monthly and 5 bimonthly part
lactation milk yields and cunulative milk yield in Karan Swiss
and Karan Fries cattle; whereas regression on age at first
calving was not significant in all fortnightly, monthly and
bimonthly part lactation yields and cumulative milk vyields in-
Karan Swiss breed, but in case of Karan Fries, it was found to bhe

significant.

The prediction of lactation milk yield on the bagis of
fortnightly systematic sampled test recorda by ratio method
reveals that maximum (70.78%) accuracy of prediction was obtained
during 10th fortnight for Karan Swiss breed,. The prediction on

the basiz of same sampling scheme revealed that the maximum
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(67.84%) accuracy was obtained during 9th to 11th fortnight for
Karan Fries breed. In the similar way, when the lactation milk
yield was predicted on the basis of fortnightly stratified random
sampled ° test records, the maximum (70.13%) accuracy for
prediction was obtained with test records during 9th fortnight
for Karan Swiss cattle, whereas maximum (67.29%) accuracy for
test records occurred during 10th fbrtnight for Karan PFries
cattle. The accuracies of prediction of lactation milk yield on
.the basis of fortnightly systematic and stratified random sampled
test records by ratio method were almost similar in both breeds.
The prediction of lactation milk yield on the basis of
fortnightly part yields revealg that maximum (50.74%) accuracy
was obtained for 7th fortnightly and minimum (7.21%) for 20th
'fortnightly part vyield for Karan Swiss and maximum accuracy
(62.50%) for 11th fortnight and minimum (26.78%) for 1st.

fortnight in Karan Fries breed.

The prediction of lactation milk yield on the basis of
- monthly systematic sampled test records by ratio method revealed
that maximum (67.80%) accuracy for prediction was obtained during
fourth month for Karan Swiss, whereas maximum (66.68%) Iaccuracy
for prediction was obtained during sixth month for Karan ‘Fries
cattle. On the other hand, prediction of lactation milk yiéld
based on monthly stratified random sampled test records revealed
that maximum {(68.88%) accuracy for prediction was obtained during
gixth month for Karan Swiss and maximum (69.75%) during - fifth
month for Karan Fries breed. The maximum accuracles for
prediction on the bagis of stratified random sampled test records
were slightly higher than systematic sampled test records in both
Breeds, whereas the prediction of lactation yield on the basis of
monthly part yield by ratio method revealed that maximum (78.04%)
accuracy of prediction was obtained during fifth month for Karan
Swiss and maximum (77.49%) during sixth month for FKaran Fries

cattle.

The prediction of lactation nmilk yield on the basis of
bimonthly recording for both sampling schemes and part yields
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revealed that the maximum accuracy {64 to 81%) of estimation was
obtained during second bimonth for Karan Swiss and during third

bimonth for Karan Swiss cattle.

For bhoth the breeds, first 180 days cumulative milk vyield
was a reasonable predictor of lactation milk yield. For both‘_the
breeds, when a single test record was considered, it was found
that 13th fortnightly test record under systematic sampling and
12th fortnightly test record under stratified sampling and 12th
fortnightly part milk yield gave highest accuracy of prediction
by regression method (69.56, 70.50 and 75.06%, respectively).
When two fortnightly test records and fortnightly part yields
were taken, the best multiple regression eguations were found to
be those wtilising 4th and 13th fortnightly records under
systematic sampling scheme, 4th and 12th forpnightly‘ records
under stratified random sampling and 3rd and 12th fortnightly
part yields; the accuracies of prediction being 87.10, 84.74 and
89.21 per cent, respectively. When.three test records were
considered, the best eguations involved 4th, 13th and 17th
fortnightly vields under systematic sampling, 4th, 12th and 17th
fortnightly records under stratified random'sampling and 3rd,
12th énd 17th  fortnightly part vyields; their accuracies of
prediction being 93,02, 93.11 and 96.11 per cent, respectively.
When more number of test records or part records were considered
as 1independent variables, there was increase 1n accuracy of

prediction but at slower rate.

In both the breeds, it was found that when one record  was
taken as independent variable, the 7th month test record under
systematic and stratifiéd random sampling scheme and 6th month
"part mnilk yield gave accuracy of prediction of 70.47, 70.43 and
76.55 per cent, respectively. When two records were taken as
independent variables, it was found that the best equation used
2nd and 7th month yield under gystematic and stratified ran&em
gsampling schemes and 2nd and 6th month part milk yields, the
accuracies of'pre&ictidﬁ being 88.07, 88.07 and 88,88 per cent,
respectively. When three records were taken as independent
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variables, the best prediction egquations utilised 2nd, 7th and
9th month test records under systematic and stratified random
sampling schemes and 2nd, 6th and 9th month part milk vields, the
accuracies of prediction were 92.34, 92.34 and 96.33 per cent,

respectively.

In both the breeds, when a single record was considered, it
was found that the 3rd bimonthly test record under systsmatic and
stratified random sampling schemes and 3rd bimonthlf part vyield
gave hlghest accuracy of prediction; the accuracy of prediction
being 68.42, 68,99 and 78.58 per cent, respectively. When two
bimonthly test records and bimonthly part yields were taken, the
best multiple regression equations were those utilisirgy lst and
3rd bimonthly test records under systematic sahpling, 2rd and 4th
bimonthly records under stratified random_éampling anc 1lst and
3rd bimonthly part yields; the accuracies of prediction being
80.18, 80.14 and 88.84 per cent, respectively. When taree test
records were considered, the best equations involved 1sz, 3rd and
4th binonthly records under systematic and stratifiad random
sampling schemes and ist, 3rd and 4th bimonthly par:z yields;
their accuracies of prediction being 91.11, 90.00 and 96.51
per cent, respectively, When more number of test records or part
records were considered as independent variables, there was

increase in accuracy of prediction but at slower rate.

The éccuracy of prediction was better at shorter iaterval of
milk recording under systematic and stratified randon sanpling
schemes in both breeds. It was observed that the error variance
in predicted lactation milk yield was increased gradually when
the 1interval of tegt recording was increased. The .=zystematic
sampling scheme gave better precision under all the three test
day intervals of recording ag compared to sgtratified random
sampling scheme. The per cent average error was found to be less

than one per cent in all cases.

The heritabilities of different traits were estimated after

adjusting the data for non-genetic factors (season and period of
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. calving, genetic gfoup and age at first calving). The
heritability (h2) was highest (0.397) for 10th fortﬁight. The
estimates of heritability of 9th to 12th fortnightly part yields
were found to be higher than that of observed lactation milk
yield (OMY} in Karamn Swiss cattle. 1In case of Karan Fries breed,
the h’ estimate was highest (0.346) for 13th fortnightly part
vield. The h” estimates of 2nd to 4th fortnightly and 11th -to
13th fortnightly part yields were found to be higher than that of
OMY. The h® ‘estimate of monthly part yield was highest (0.405)
for 5th month and h2 estimates of 5th and 6th month part "yields
were found to be higher than observed lactation milk yield (oMY)
in Karan Swiss cattle. The estimate of h2 was found- to be
highest (0.341) during 7th month and h? estimates of 1st, 2nd,
6th and 7th month were found to be higher than that of OMY in
Karan Fries breed. For Karan Swiss, the h2 estimafe was .highest
(0.388) for 3rd bimonth yield, whereas.the hz was highest (0.337)
for 1st bimonth yield and h2 estimate of lst bimonth and 3rd
bimonth part yieldé-were found to be higher than that of OMY in
Karan Fries breed. The hz estimate of cumulative part yield was
highest (0.328) for first 180 days part yield in Karan Swiss and
highest (0.363) for first 210 days part yield in Karan Fries

breeds.

The  heritability estimates for OMY and PMY's under
fortnightly, monthly and bimonthly systematic and stratified
random sampling schemes were 0.343 + 0.102, 0.341 + 0.101, 0.356
+ 0.103, 0.354 + 0.103, 0.354 + 0.103, 0.341 + 0.101 and 0.398 +
0.109 in Karan Swiss cattle, respectively. In case of Karan
Fries breed, the h? estimates were 0.294 + 0.103 for OMY, 0.278 +
0.104 for fortnightly, 0.285 + 0.103 for monthly and 0.269 +
0.103 for bimonthly systematic predicted lactation milk yield and
0.275 + 0.104 for fortnightly, 0.243 + 0.093 for monthly and
0.258 + 0.101 for bimonthly stratified random sampled predicted
lactation milk yield. The h2 estimates of PMY's wunder various
sampling schemes varied from 1 to 5 per cent as compared to

estimate of OMY in both breeds.
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The estimates of genetic correlations between OMY with PMY's
under varions sampling schemes were very high being greater than
0.948 for Karan Swiss and to be near unity in Karan Fries breed.
Similarly, the estimates of phenotypic correlations were also
very high (ranging from £.950 tc 0.989} in Karan Swiss -and
{ranging from 0.964 to 0.989) in Karan Fries breed. All the
estimates of phenotypic and genetic correlations were
statistically signifieant (P < 0.01) in both breeds. These
results suggest that the predicted lactation milk yield under
various sanpling schemes would give high phenotypic and genetic
accuracy of selection for lactation milk yield.

It was found that for‘K;raﬁ Swiss, the highest average

breeding value of sires was obtained for method I4 {BLUP) under

~all sampling schemes'ahd'OMY; the lowest being for mnethod I3

(daughter’'s average). The range of breeding values of sires for
method I4 (BLUP) was lowest and for methed Iy was highest for all
the sampling schemes and OMY. This indicates that sampling
schemes did not have any effec§ on the relative effectiveness of
the sire evaluation methods. The sampling scheme S3 (bimonthly
systematic sampling), however, gave the highest average breeding
value and range of breeding values for every method. Therefore,
for Karan Swiss data, least discrimination among sires was:
obtained by BLUP method and maximum discrimination by daughter's
average index method, The sampling scheme S3 provided the
highest discrimination. For Karan Fries cattle, the highest
average breeding value of sires was cbtained for the pethod Iy
(daughter’s average) under all sampling schemes and OMY, the
lowest being for method I, (BLUP). The range of breeding values
for method I was lowest and for method I; was highest for all
the gamples ghcemez and OMY. This indicates that the sampling
schemes did not have any effect on the relative effectiveness of
the gire evaluation methods. The mampling method 52 {(monthly
systematic scheme), however, gave the highest average breegipg
value and range of breeding values. Therefore, for Karan Fries
data, least discrimination among sires was obtained by BLUP and

maximum discrimination by daughter’s average index method. The
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sampling scheme S2 {monthly systematic sampling scheme) provided

highest discrimination.

For Karan Swiss breed, it was found that contemporary
comparison method (I} had the lowest error variance for OMY as
well as PMY's under all six sampling schemes. This was followed
by least square analysis method (I3}, BLUP metheod (I4) and least
efficient was average method (I1) which had the highest error
variance, Further, for method I, the lowest error variance was
obtained when observed lactation milk yield (OMY! wasl conﬁiéered
as compared to PMY's under various sampling schemes. There was
inerease in error variance with increase in interval of recording
for.both systematic and stratified random sampling schenes. The
method I3 (least square analysis method) under OMY and various
sampling schemes Had highest relative efficiency with most
efficient method Iy with OMY. In case of Karan Fries cattle, it
was found that contemporary comparison methed I had the lowest
error vriance for OMY as well as PMY's under systenatic and
stratified random sampling schemes followed by least square
method 13. Further, for method I; the lowest error variance was
ocbtained when monthly stratified random sampling scheme was
considered. It was observed that fortnightly milk recording
under both sampling schemes gave lowest error variance. For same
interval of recording, the stratified sampling had lower error
variance as compared to systemaﬁic sampling., It was found that
method I3 (least square analysis) under OMY and PMI's under
various sampling schemes had highest relative efficiency with
most efficient method I; of OMY.

In case of Karan Swiss breed, the rank correlation for
method I, method I3 and method I with most efficient nethod I
ranged from 0.778 to 0.801, 0.742 to 0.762 and 0.805 to 0.821 for
OMY and PMY's wunder variocus sampling schemes, respectively.
These rank correlations were statistically significant (P <
.01, This indicétes that all methods.tende& to rank sires with’
fairly high accuracy. Similarly, in cage of Karan Fries cattle,
it was found that the rank correlations of method Iy, I3 and 14
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with most efficient method 17 ranged from 0.754 to 0.770, 0.850
to 0.870 and 0.889 to D.904 for OMY and PMY under various
sampling  schemes, respectively. These estimates of rank
correlation were highly significant (P < 0.01), This also
revealed that all methods tended to rank sire with fairly high

aceuracy.

It is concluded that contempeorary comparison method I5 was
the most efficient method of sire evaluation for OMY as well as
PMY's under different™milk recording systems followed by least
square methoed (X3), BLUP (I4) and daughter average index (I3} for

Karan Swiss and Karan Fries breeds.

The part vyield for which heritability was higher, less
nunber of daughtefs were required as compared to part yield with
lower _heritability. For fortnightly part yieldhof Karan Swiss,
when there were 5 records with complete lactation, the number of
daughters reguired under first fortnightly yield was 19 by both
metheds. This number reduced to 8 for 2nd to 4th fortnight. The
number was generally higher than 5 for most part records except
for 10th fortnight for method 2. The number of progeny reguired
was_alMOSt similar for part receords during Sth or 10th fortnightv,
tmid - lactation) as compared to number required for complete
lactation vyield. Keeping in view, the sampling variaton of the
estimator used, it appears that number of part records around 9th
fortnight was nearer or slightly higher than number reguired for
cdmplete lactation yield. The later fortnightly part yields
{17th to 1Bth}) had low heritability. Therefore, for 17th to 18th
fortnight, the number of daughters required with part records was
not estimable as the denominator of the equation became negative.

In case of Karan Fries cattle, the number of daughters, with
mid-lactation's fortnightly part records {9th to 13th fortnight)
required to give the information eguivalent to that of different
progeny group size with complete lactation yield, would be
nearer or slightly higher due to higher heritable part of

lactation. The initial and terminating fortnightly part vyields
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required more number of additional daughters to give same
accuracy of sire evaluation as compared to daughters with
complete lactation milk yield. A similar, trend for the number of
daughtérs with monthly and bimonthly part records was found to
give the same accuracy for sire proof to that of progeny group
size with complete lactation for both breeds. In. the present
study. the number of daughters with part records reguired, for
increasing accuracy to the same level as far complete lactation
yield, becomes comparatively large since the genetic correlation
between part yield and complete lactation yield is lower. There
is a range of number of daughters when part lactation records can
be equally efficient, This depends on the heritability of the
part lactation and its genetic. correlatidn with conplete
lactation yield. As the aim of sire evaluation 1s to ‘rank the
bulls on the basis of their daughters records as "early as
possible in order not to increase the generation interval, the
use of daughters with part records can be useful. However,

slightly more number of daughters would be needed.

The repeatability of breeding value estimates was obtained
by determining the correlation of the breeding values of . sires
based on first 5, 8 and 12 daughters with "15 or above”
daughters. It was found that there was increase in repeatability
of breeding value estimates as the number of daughters per sire
increased for OMY and PMY's under various sampling schemes for
both breeds. For Karan Swiss breed, iﬁ was Found that when there
were 5 daughters per bull, the method Iy under bimonthly
stratified random sampling scheme 36 gave highest {(68%) accuracy
of sire evaluation. Further, whén 8 daughters -per bull were
available, the method Ij under monthly stratified random sampling
scheme (85) gave highest accuracy (86%) accuracy of gire
evaluation. In the same way, when 12 daughters per bull were
available, the method (I;) under monthly stratified rarndom
sampling scheme (85) gave highest accuracy (96%). In case of
Karan Fries breed, it was found that when there were 5 daughters
per bull, the wmethod I; under _fb}tnighti§" systematic and

stratified random sampling schemes gave highest {(44%) accuracy of
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slre evaluation. Furthér, when 8 daughters per bull were
available, the method I; under monthly systematic sampling scheme
gave highest (66%) accuracy of sire evaluation. TIn the same way,
when 12 daughters per sire were available, the method I; wunder
monthly systematic sampling scheme gave the highest {88%)
accuracy. It was thus observed that the breeding value estiﬁates
based on 12 daughters per sire using method 1 (daughter average
method) had highest accuracy. However, the results on efficiency
of sire evaluation methods indicated that contemporary Comparison

method was most efficient in this data. The contemporary
comparison method had very low accuracy when the progeny group
size was very small (3 to 8). When the progeny group size ‘was

12, _the accuracy of sire evaluation by contemporary comparison

‘was comparable to daughter average method and other methods.

1t was observed that the accuracy of sire evaluation on the
basis of test records of daughters under the two sampling schemes
and three intervals of recording were simllar to the accuracy of
sire evaluation based on cohserved lactation milk yield (CMY),
This indicates that any of the sampling schemes could be
employed. In - field conditions, bimonthly recording under
stratified random sampling could be more useful. This system of
sampling would not have any biases in practice as the farmer
would not know, much in advance, as to the day on which his cow

will be milk recorded.

In order to evaluate the posgsibility of reducing the cost of
recording, the number of daughters required for Iortnightly
sampling scheme was almost same as for OMY. For higher accuracy,
the number of daughters under monthly and bimonthly recording
would be siightly higher than those required under Zfortnightly
sampling schene. It was found that for same accuracy of sire
evaluation, the ceost of recording was Iowest for bimonthly
recording. Further, the cost of bimontﬁly systematic sampling
wag slightly lower than that-of bimonthly- stratified random
sampling. When 50 daughters per sire are required for observed

milk vyield with complete recording of lactation, the number of
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daughters required under bimonthly systematic sampling (S3) would
ke 53 and under bimonthly stratified random sampling would be 54.
The cost of recording under S3 would be Rs.1,590 and under 86
would be Rs.1,620. Therefore, systematic sampling scheme would
be slightly cheaper. However, fdr getting unbiased test records
in field conditions, the bimonthly stratified random scheme would

be desirable. This will require slightly more (about 4%) cost.



BIBLIOGRAPHY



BIBRLIOGRAPHY

Abdel-Aziz, A.S., Ragab, M.T. and Kamal, A.(1975). Regression
factors for extending part lactation milk records in
buffalces. Egyptian J. Anim. Prod., 13(2): 109. (Anim.
Breed. Abstr., 45: 8%9),. . .

Agrawal, S§.B., Patel, R.K. and Sharma, K.N.S.(1987). Estimation
of performance characteristics of Murrah buffalces under
village conditions. Indian J. Dairy Sci., 40(2): 200-204.

Agarwala, 0.P.{(1962). Estimation of lactation vield in buffaloces
from production for short intervals in a lactatlon. Indian
Vet Jc; 39 69-?20

Agyemang, K., Clapp,E.C. and VanVleck, L.D.{(1985}. Extension
factors for trimester yields of milk and fat. J. Dairy

Amble, V.N., Rajagopalan, M. and Gill, B.S.(1959). Sampling of
daily milk records for estimating lactation yield of cows.
Indiaﬂ J e Animo SCi., §{4): 13_261

Amble, V.N. and Rajagopalan, M.{(1960). Further =studies in
sampling daily milk yields. Indian J. Vety. Sci., 30: 272-
286. '

Amble, V.N. (1975). sStatistical Methods in Animal Sciences,
Indian Society of Agricultural Statistics, New Delhi.
.

Anacker, G. and Dietl:s, G.(1990). Prediction of breeding value
of progeny tested dairy bulls in the German Democractic
Republic by means of BLUP method. Tierzucht, 44(4): 157-
159. ' : :

Anderson, S.M., Mao, I.L. and Gill, J.L. (1986). Effect of
length of sampling intervals on accuracy of estimating total
lactation yield. J. Dairy Sci., 69: 101,

Anderson, S.M., Mao, I.L. and Gill, J.L.(1989). Effect of
frequency and spacing of sampling on accuracy and precision
of estimating total lactation milk yield and characteristics
of the lactation curve. .. Dairy Sci., 72(9): 2387-2394,

Apnisimov, N.F. (1972). Shortening the interval involved in
progeny testing of bulls. Velikolukskoge sel' Khoz. Inst.,
24: 26 {Anim. Breed. Abstr., 42: 945).

Axora, D.N. and Sharma, J.S5. (1983}. Factors affecting some of
the economic traits in Holstein-Friesian cattle. Indian

Vety. J., 60(10): 820-823.
‘ > o V. o ResbhMeddeh, S0/ CL7B3T)
* ﬂﬂwﬂﬂugéﬁzgﬁﬁif'jzzeﬂzp celiol S aelo mrelf
Pl o ity Cottle Brolau T fnir - Gee 53 C2D: 172072



ii

Ashton, E.D.(1956). Milk and butter fat recording - A world
survey technical communication. Commonwealth Bureau. Dairy
Sci. Technol., Farnham Royal Bucks, England.

Auran, T. and Mocguot, J.C.{(1974). Studies on milk production in
cattlie. IT. Osefulness :of part lactaktion records for
selection (a) Critical study of different methods of
estimating total yield from part lactation records. Annals
de Genetique et de Selectlon Animale, 6(4): 429 (Dairy Sci.
Abstr., 38: 4595). '

Auran, T. {(1976}. Studies on monthly and cumulative monthly milk "
yield records. IV. Estimating total lactation from part
lactation. Acta Agricultural Scandinavica, 26: 10 (Anim.
Bread. Abstr., 44: 4132).

Banis, A., Kuosa, I. and Stabinskene, U.{(1974). The frequency of
milk recording. Molochnoe I. Myasnoe Skotovdstve, 11l: 37
{Dairy Sci. Abstr., 37: 296).

Bar-Anan, R. (1971). Breeding of Israeli Friesians. Progey
Tests of 122 Days Yield. Ministry of Agric. Ext. Service
Publ. o '

Barbieri, M.E.{(1988). A'quantitative genetic study on part and
total milk vyield in Caracu cows. Arquivo-Brasileiro-de-
Medicina-Veterinaria-e-Zootechnica, 40(1): 86-87.

Bagavaiah, P. (1978). Genetic studies of lactation curve and its
use in sire evaluation in Marrah buffaloes. Ph.D. Thesis
submitted to Panjab University, Chandigarh, India.

Basovasky, N.Z.{19865). ?reliminary evaluation of bulls on the
truncated first lactation. Sb. nauch. Trud. Pushkini
nauchno-Iesled Lab. Raz. Sal’ Khoz Zhivot., 11: 17. '

Basu, S.B. and Gupta, K.(1976). Milk production in relation to
age and season in Indian dairy cattle. XIXth Inter. Dairy
Congr., New Delhi, India, lE. :

Batra, T.R. and-Lee, 5.J.1(1985). Comparison of three methods of
predicting 305-day nilk and fat production in dalry cows.
Can. J. Anim. Sci., 685(2): 341-350.

Becker, W.A.(1975). Manual of Quantitative Genetics, 3rd edn.
Publ. Program in Genetics, Washington State Univ.,

Washington, USA.

Bhadauria, 8.5., Johar, K.S5. and Parmar, S.N.S. (1986}. Bnalysis
of nan-genetic factors on monthly and cumulative monthly
nmilk yield production in Jersey cows. Indian Vety. J.,
63(4): 310-316.



ewuuraw L1t

a{
caltlle: T Artrr Gol #3@) . 60565

W @aszAa:’ BAK. ctﬁﬁ)%@%mmﬂv_

Bhasin, V. and Rao, M.K. (1983). Evaluation of breeding animals
from test day milk records corrected for systematic errors.
Asian J. Dairy Res., 4(1): 7-14.

Bhat, P.N., Taneja, V.K. and Garg, R.C. (1978). Effect of cross
breeding in reproduction and production traits. Indian J.
anim. Sci., 48(2): 71-78.

Bhatnagar, D.S. and Sharma, R.C. {1976}. Breeding efficiency -and
its relationship with other traits in Sahiwal and its Brown

" Swiss crossbreds. Indian J. Dairy Sci., 29: 141-143.

Bhutta, S§.T. and Pandey, R.5.(1989). Comparative study of ratio
and regression methods for predicting lactaticn yield from
part lactation records in dairy cattle. J. Res. Birsa agrl.
Univ., 1(1}: 117-119,.

Biswas, $.S., Koul, G.L., Mahesh Kumar, Bhat, P.,N. and Singh,

Gurcharan(1986}. Effect of non-genetic factors on weekly
milk yield in Sahiwal cows. Indian J. Anim. Sci., 56(11):

, 1165-1168.

Carabano, - M.J., VanVleck, L.D. van , Wiggins, G.R., Alenda, R.
‘and VanVleck, L.D. (1989}). Estimation of genetic parameters
for milk and fat yields of dairy cattle in Spain and United
States. J. Dairy Sci., 72(11): 3013-3022.

Chacko, C.T., Diener, W. and Mathew, T.C.{1984). Sire evaluaticn
under field conditions in Kerala: The influence of
environmental effects on lactation. Indian Vety. .., 61:
1034-1042. Co

Chand, L. and Narain, P. (1984). Genetic parameters of lactation
performance index in Sahiwal cattle. Indian J. Anim. Sci.,
54(2): 204-205. '

Chauhan, V.P.S5.(1987), Partitioning of -herd, year and season
variation in mnilk production. Livestock Prod. Sci., 16:
107-116.

Chillar, R.S.,Raina, B.L. and Bhat, P.N.(1980). Studies on

extending part lactation records 'in Haryana and its Friesian

ok crossbreds. JIndian J. Anim. Sci., 50: 685-689.

Cordovi, J., Guerra, D. and Menendez, A. {(1984). A comparison of
methods used in the evaluation of bulls for milk production.
Reviste Cubana de Reprod. Anim., 10(1): 37-68,

Crosse, 8., Heijst, G.van, O'Donovan, S. and Van Heijst,
G.{1988). The relative accuracy of different sampling
procedures for estimating total lactation yield of milk and
milk congtituents., Irish J. Agri. Res., 27(1): 31-38.

¥ Bhullah,, M-é@md&t’iff,l)s((‘?ﬁé m%
jlﬁa'lﬁa,bw
Ay %\



iv

Cunningham, E.P. and Vial, V.E.(1968). Relative accuracy of
different sampling intervals and methods of estimation for
lactation milk yield. 1Indian J. Agril. Res., 7: 39-60.

Cunningham, E.P. (1965). The evaluation of sires from progeny
test data. Anim. Prod., 7: 221-231.

Dairy India (1992). Published by P.R. Gupta. A-25, Priyadarshani
Vihar, Delhi, India. 4th Edn. ) .

Danell, B.{1982). Evaluation of sires on first lactation vyield
of Swedish dairy cattle. Ppissert. Abstr. Inter., 43(1}: 33
(Anim. Breed. Abstr., 052-00247}.

Dangi, K.S8.(1979). Optimisation of age and body weight at first
calving and first service period for milk production in
dairy cattle. Thesis abstr., BAU, Hisar, India, 5{3) (Anim,
Breed. Abstr., 48: 5855},

Das, D. and Balaine, D.S.(1982}. HNon-genetic factors affecting
certain economic traits in Indian buffaloes. Indian . Vet.
J., 59: 514. .

Dass, Gopal {1991). Efficacy of prediction of lactation yield in
Murrah buffaloes based on test-day intervals. M.Sc. Thesis
submitted to NDRI (Deemed University), Karnal, India,

Datt, Mahesh and Joshi, B.K. (1992). Milk production performance
of Brown Swiss x 3Zebu crossbred. Indian J. Dairy Seci.,
43{(6): 334-337.

pavey, G.P. and Alexander, G.1.{1955). The accuracy of
estimation of a dairy cow's production of milk and butter

fat. Queensland J. Agric. Sci., ll: 75-77 (Dairy - Sci.
Abstr., 17: 290}, - _

Dempfle, L. and Hagger, C.{1983). Compariscon of the efficiency

 of BLUP with other estimation procedures in dairy sire

evaluation. 1. Theoretical investigations. Zeitschrift-fur-
Tierzuchtung-und-Zuchtungsbiologie, 100(3): 196-208.

Deshpande, K.S. and Bonde, H.S.(1982). Genetic studies on 300
day nmilk vield in Holstein Friesian x Sahiwal crosshreds.
Indian J. Dairy Sci., 35{(3): 379-383. ’

Desgat, P. (1954). Ig it posaible to make progeny testing of
dairy cattle a quicker and more accurate proceay? Riunione
Assoc. Zicne Genetica, Italiana, Roma, March 27 (Anim.
Breed. Abstr., 22: 1415).

bo, <C.H., Ohh, B.K., Lee, J.K. and Lee, M.Y.{18986). Regression
factors for extending partial lactation records. Korean J.
Zrim. Sci., 28{3}: 135-128.



Dommerholt, J.(1976). Correlation of milk yield in cows for
differences in age, season and stage of lactation. Agric.
Res. Rep. B44, Netherlands (Anim. Breed. Abstr., 1548).

Draper, N. and Smith, H.(1966). 1In: Applied Regression Analysis.
John Wiley & Sons. Inc,, N.Y.

butt, M., Singh, 8.P. and Desai, R.N.{1965}. Prediction
equations for milk yields in Murrah buffaloes. Indian Vety.
J., 42: 506-512,.

Edwards, J.(1932). The progeny test as a method of evaluating
the dairy sires. J. Agric. Sci.,, 22: 811-837.

Erk, R.E., Goodwin,'ﬁ;M., Morrisoﬂ, R.A. and Shaw, A.0. (1952).
Lactation studies. 1IV. Accuracy of different mrethods of
estimating lactation yields. J. Dairy Sci., 35: 977-937.

Everett, R.W., McDanial, B.T. and Carter, H.W. (1968). Accuracy
of monthly, bimonthly and trimonthly Dairy Berd Improvement
Association Records. J. Dairy Sci., 51: 10351. :

Gajbhiye, P.U. and Dhanda, O.P.{1987). Sire evaluation and
production performance of Gir cattle.  Indiap Vety. J.,
64(12): 1043-1048. : :

Garcha, D.S. and Dev, D.S. (1985). 'Some environmental factors
affecting progeny testing under field conditions. Indian J.

Garcha, D.S., Trehan, P.K. and Bajwa, 1.S. {1989). - Use of some
milk production efficiency traits for evaluating dairy bulls -
through progeny testing. Asian J. Dairy Res., B{2): 71-74.

Ghosh, S.P. (1991). Agro-climatic zone specific research, Indian
perspective under NARP. Published by Publication and
Information Division, Indian Council of Agrlcultural
Research, Krishi Anusandhan Bhavan, PUSA, New Delhi.

Godra, P. and Yadav, 5.B.S.{1992). Factors causing fluctuations
in progressive nmilk records of Murrah buffaloes. Indianm J.
Dairy Sci., 43(2): 70-75. '

Gokhale, S.B.(1974). Inheritance of part lactations and their
uge in selection among Murrah buffaloes. Ph.D. Thesis, Agra
University, Agra, India,

Goodale, B.D.(1927). A sgire breeding index with special
reference to milk production. Am. Nat., 61: 539. :

Grover, P.S.{1981). Programming and Computing with Portran IV.
Published by Allied Publishers Limited, New Delhi, p. 270.



- Gujar, B.V., Tajane, K.R. and Shukla, K.P. (1989). Efficiency of
various milk recording syatems for estimating lactation
yield in Kankrej. Indian J. Anim. Prodn. & Mgt., 5(3): 91-
96.

Gupta, M.B.; Nautiyal, L.P. and Katpatal, B.G.{(1878}.
Contribution of genetic and non~genetic factors in three
successive lactations in Holstein Friesian x Szhiwal
crosses. Indian J. Hered., 10(1): 1-9. .

Gurnani, M. and Nagarcenkar, R.{1982). <Comparison of breeding
value of sires by Henderson's BLUF and Robertson method.
In: 2nd World -€ongress on Genetics, Applied I,. Production,
4th-8th Oct. .

a
Gurnani, M., Joshi, B.K. and Nagarcenkar, R.{1386)}. Development
of Karan Swiss cattle at NDRI, Karnal. Dairy Information
Bulletin, 4: 1-2. '

Gurnani, M., Sethi, R.X. and Nagarcekar, R.{l986%. . Development
of Karan Fries cattle at NDRI, Karnal. Dairy Infomation
Bulletin, 3: 1-2.

Gurung, B.S. and Taylor, C.M. (1984). Relationship of  part
lactation yield with total yield in Kankrej cattle. Indian
Vetj’. J-\rf _6_1.“(3,:716_717~ !

Hagger, €. and Dempfle, L. (1983)., Comparison of the efficiency
of BLUP with other estimation procedures in dairy sire
evaluation, Zeitschrift Fur Tierzuchtung und
Zerchtungsbiologei, 100(4): 260-270.

Hansson, N.(1913). Kan Man Med fcrdel Hoja Meddelf etthalten i
Len Av Vora Nortkreat ursstammer och Raser Lamnade Mjolken?
Centralanst "For Forsoks ~Vasendet Pa Jordbruklsomradet.
Meddelande, 78: 1-85.

Harvey, W.R. (1966). Least squares analysis of data with unegual
subclass numbers. U.S. Dept. Agri., ARS 20-B,

Harvey, W.R, (1979). Accuracy of simplified regressed least
sguares {(SRLS) vs BLUP method of ranking sires. Indian J.
Anim. Genet. Breed., 1(1): 7-19.

Henderson, C.R.(1973). Sire evaluation and genetic trends. In:
Proc, Anim. Breeding and Genetics Symp. in honour of Dr. Jay
.. Lush held on July 29, 1972 at Virginia Polytechnic
Institute and State Univ., Blacksburg, Virginia, Champaign,
Iliincis, USA. ASAS and ADSA, 10: 41,

-Henderson, C.R.({1975}. Baest linear unbiased estimation and
prediction under a selection model. Biometrics, 31: 423-
447. a



vii

Biggins, C.W.(1979).  Calculation of lactation yield from monthly
welighings. Rhodesia Agri. J., 76: 6%-70 (Anim. Breed.
abstr., 47: 5350). '

Hunt, M.S., Burnside, E.B., Freeman, M.G. and Wilton, J.W.
(1974). Genetic gain when sire sampling and  proving
programmes vary 1in different artificial insemination
population size. J. Dairy Sci., 57: 251-257.

Ipe,. S. (1979). Evaluation of Murrah buffaloes on the basis of
part lactation records. Ph.D. Thesis subnitted - to
Kurukshetra OUniversity, RKurukshetra, India.

Igbaluddin, Singh, B.P. and Dutt, M.(1370}. Association of part
yield of first" lactation and age at first calving with
complete lactation yield in Murrah buffaloes. Indian .
Anim. Hlth., 9: 163-169 (Anim.Breed Abstr., 41: 1329).

Ivanenko, I.A.(1969).. The number of daughters regquired for
evaluating the genotype of bulls of dairy and dual purpose
breeds. Anim. Breed. Abstr., ;ﬁ:_223.

Ivanov, P., -Vankov, K. and Alaksiev, A.I. (1969). Relative
accuracy of periodic milk recrding and possibility of the
ugse of part lactations. Zhivot. Nauk., 6: 39-44.

Jain, A.K. and Chillon, J.S. (1975). Comparative performance of
Sahiwal and Holstein Friesian x Sahiwal c¢rossbreds. J. Res.
Punjab Agril. Univ., Ludhiana, India.

Jain, A.K. and Phillon, J.S5. {19886). Studies on +the usefulness
of part lactation milk yild records for progeny testing of
buffalo bulls. SARAS J. Livest. and Poultry Prod., 2: 15-
19. ) R

Jain, J.P. and Malhotra, J.C. (1971). Comparative study of
different methods of indexing sires. Indian J. Anim. Sci,,
41(12): 1101-08,

Jain, J.P. and Malhotra, J.C.{1985). Effectiveness of reccords of
paternal sisters and dams as supplement to progeny
performance in dairy sire selection. Indian J. Anim. 8ci.,
5515): 437-443.

Jaisorowski, H., Kossakowski, J. and Kurowska,M.(1966}. Studies
on the accuracy and the possibility of simplifying milk
recording. IXth Inter. Congr. Anim. Prod..

Johansson, 1I. and Robertson, 2.(1952). Progeny testing 1in the
breeding of farm animals. Proc. 2nd Stud. Meet. EAAP, Rome,
2: 9_321

Jovanovac, S. (1989). Estimation of the breeding value of
Holstein-Friesian bulls by the BLUP method. Stocarstvos;
43(7/8): 295-301.



viii

Kadiiski, E. (1973). Precision of milk recording and possibility
of its ratiocnalization. Nauchni Trudove, Visch Sels
Kastopanski Institute, 'Georgi -Dimitrov' Zootekhnicheski
Fkultet, 24: 561 (Dairy Sci. Abstr., 38: 6084).

Kakran, P.K.(1987). Genetic studies on certain measures of
efficiency of milk production in crossbred cattle. M.S¢c.
Thesis submitted to Kurukshetra Uniersity, Kurukshetra,

Katoch, S., Yadav, M.C. and Kumar, S.(1989), Pirst lactation
partial records as a measure of 1lifetime production -in
Jersey cows. Indian J. Dairy Sci., 42(3): 464-466.

Kaura, M.K., Dhillon, J.S. and Tiwana, M.S5.(1983}. Relative
efficiency of different sampling procedures for estimating
lactation milk yield in buffaloes. Indian J. Dairy Sci.,
36(3): 269-271.

Kerala Livestock Development and Milk Marketing Board (1985-86).
Annual Report,

Khan, F.H. and Johaf, K.S. (1988). Cumulative part production
reccrds as an aid- to selection in Murrah buffaloes. Indzian
J. Dairy Sci., 41: 346- 330

Khan, G.R. and Ahmad, M.D.(1972). Prediction of first lactation
yield from part lactations in Sahiwal cows. J. Agric. Res.,
Punjab {Pakistan), 10: 138-153.

Khanna, A.S.(1985). Evaluation of different recording systems
for estimation of lactation production in crossbred cattle.
Ph.D. Thesis  submitted to Chaudhary Charan Singk Harvyana
Agricultural OUniversity, Hisar, India.

Khanna, A.S. and Balaine, D,S5.{(1988). Reliability of regular and
irregular interval recording with variable centering date in
estimating milk yield of crossbred (temperate x Zebu)
cattle. TIndian J. Anim. Sci. 58(8): 946-952.

Khanna, 3.S. and Balaine, D.5.(1989). Simulating lactation milk
ield from interval recording in crossbred (temoperate x
ebu). Trop. Agri., Trinidad, 66{(4): 365-368.

Khoda, K. and Trivedi, K.R.(1387})., Prediction of total lactation
yield from part lactation yield in Jersey cows. Indian J.
Anima SC'i-, 21(5,: 448-452-

Kliment, J. and Rybansky, J.(1976). The relationship of £first
and subsequent lactations of daughters with breeding value

of sires. Polnohospodarster, 22(4): 3531 (Anin. Breed.
Abstr., 45: 111).

Khan €. il Bbat, PN (TP Gendtia avel nom.
* 2 M:zszs JsboeialBd (Srsn e gt Afive mz&eﬁq
O fonsad Piestan ChatD. ndlean T A prug! £¢42.



ix

Koiey, N., Chouwdhary, G. and Mitra, D.K.(1981). Genetic gtudies
on part lactation yield in relation to lactation yield in
Jersey x Haryana Fl cows. Indian Vety. J., 58(6): 454-460.

Kooner, D.S. and Pal, R.N. (1971). Periodicity of milk recording
in buffaloes. J. Res. Punjab Agri. Univ., 7: 414-416,

Kretzschmar, B. and Rose, K. (1976). Methodical investigations
to characterise the accuracy of breeding value estimation in
AL bulls. Archiv Fuar Tierzucht, 19: 63 (Anim. Breed,
Abstr., 45: 1838).

Kulkarni, A.G., Rai, A.V. and Hegde, B.P. (1985). Efficacy of a
' test interval method in milk recording of buffaloes. Indian
J. Dairy Sci., 38(4): 265-268.

Kumar, D. and Narain, P.(1978).. Effect of season of calving on
.lactation yield and length in Red Sindhi, Jersey and their
Ccrosses. Cheiron, 7(2): 190-194 {(Anim. Breed. Abstr., 48:
1064). .

‘Kumar, D. and Sharma, ©.P.(1987). Genetic analysis of lactation

‘ curves and application of Stochastic Model to Gamma type
function in buffaloes. Ph.D. Thesis submitted to GB Pant
Univ., Pantnagar, Nainital, India.

Kumar, D., Sharma, 0.P. and Manglik, V.P.(1%990)}. Genetic studies
on cumulatie part lactation yield in Indian buffaloes.
Indian J. Anim. Sci., 60(3): 338-341.

Kumar, A. and Bhatnagar, D.S. (1989}). Estimation of sire index

_ . by different methods and its efficiency in Karan Swiss herd

q@ cattle. Indian J. Anim. Sci., 59%{(6): 731-732.

Kumar, R. and Bhatnagar, D.S.(1989). Direct and correlated
responses of some economic traits in Karan Swiss cows.
Indian J. Anim. Sci., 59(1): le4-166.

Kumar, S. and Reddy, K.M.(1989). Production traits among
primiparous crossbhred cattle. Indian Vety. J., 66(8): 726-
732. ' ;

Kushwaha, G.S., Basu, S.B. and Sanger., 0.P.S. {1972}.
Inheritance of part lactations in Murrah buffaloes. Indian
J. Anim. Sci., 42: 751-753.

Kuznetsov, V.M,{1988). A comparison of progeny testing of sires
by contemporary comparison and BLUP. Genetika (USSR},
24(6): 1121~1129 (Anim. Breed. Abstr., 056-06131).

Lamb, R.C. and Young, R.M. (1968). Relative accuracy of
estimating production as affected by length of testing
interval and method of estimating. J. .Dairy Sci., 51: 977.

# Kumal, G- (7677 Corveclion gacler {or 28Tl of butly
«&w,wg Mmm@.m S ittey
Ko dbsbva uncer. .



Lapushkova, E.{1971). Accelerated preogeny testing of bulls on
the milk production of their ‘daughters on part first
lactation. Trudy Moskovaskoi Veterinarnoi Akademii, 57: 106
{Anim. Breed. Abstr., 41: 1556).

Les, K.J.(1985). A study on different sawmpling intervals for
estimating lactation milk yield. Apim. Breed. Abstr.,
53(10): 778, '

Lee, K.J., Yang, H.S. and Yang, Y.M. {(1988). A study on
estimating sire’s breeding value by mixed model procedures.
Korean J. Dalry Seci., 10(3): 105-115 (Anim. Breed. Aabstr.
058-07752).

Lee, K.J., Yang, ¥Y.M. and Yang, H.S. {1989). Estimation of dairy
sires’ Dbreeding values by mizxed model procedures with
additive relationship and genetic grouping. Korean J. Anim.
Sci., 31: 6%91-63%8 {Anim. Breed. Abstr., 058-04132).

Legateé(1964}¢ Analysis of young sire service. J. Dairy 8ci.,
47: 446.

Lindstrom, U.B. (1976). Milk recording in developing _éountries;
World Anim. Rev., 19: 34-42. _’ .

Lush, J.L. {(1931). The number of daughters necessary t{o prove a
sire. J. Dairy Sci., 14: 209-220.

Lush, J.L. (1933). The bull index in the light of modern
genetics. J. Dairy Sci., 16: 501-522. :

&
Madden, D.E., McGilliardm, L.D. and Ralston, N.P. (1959},

Relations between test day milk production of Holstein cows.
J. Dairy Sci., 42: 319-328.

MeArthur, A.T.G. (1954). The assessment of progeny tests of -,
dairy bulls made under farm conditions. Proc. Brit. Soc.

Anim. Prod., 47: 642-645.

McDaniel, B.T.{1969). Accuracy of sampling procedures for
estimating lactation yields: A review., J. Dairy Sci., 52:
1742.

McDowell, R.LE.{(1972}. Improvement of livestock production in
warm climates, W.H. Freeman & Cc., San Francisco.

Mehta, P.K. (1981). Inheritance of part lactation records in
crossbred cows. M.Sc. Thesis submitted to Kurukshetra

University, Kurukshetra, India.

Mehta, P.XK. and Bhatnagar, D.5.(1986). Inheritance of part
lactation yield in crossbred cowa. Indian Vety. J., 63(3):

233-36.
ot Madden , D E, Lush 34 amvof McGiltiaye [LD-€ (958 Lehatoor dedfrlecn.

G 3% 1264 |



xi

_Miller, R.H., McDaniel, B.T.and Plowman, R.D. (1967). Comparison
of three methods of sire evaluation. J. Dairy Sci., 50:
782-792.

Moller, F.(1976}. Statistical analysis of the significance of
the progeny test with particular reference to the genetic
evaluation of Friesian bulls in Italy. Anim. Breed. Abstr.,
44(6): 2615.

Murthy, G.M.K., Chennarayudu, Rao,L.S.P., Jairam, B.T.,Ratnarao,
T.V. and Jayaramprishna, V. (1984), Prediction of lactation
nilk yield by test recordlng. Livestock Advisor, 9(2): 10-
11.

Murthy, H.N.N., Rai, A.V. and Loknath, G.R.{1885}. Effect of
nongenetic factors on part and 300 days lactation yield of
surti buffalces. Indian J. Dairy Sci., 38(4): 335-338.

Murthy, H.N.N., Rai, Aa.v. and Lokanath, G.R.{1886). Predicton of
300 days lactation yield from part vyields in Surti
buffaloes. Indian J. Dairy Sci., 39(4): 468.

Nagarcenkar, R..and Basavaiah, P.(1981). Testing intervals and
part lactations in evaluation of Murrah buffalo bulls.
World Review Anim. Prod., 17(3): 3,5,7-10.

Nagarcenkar, R. and Rao, M.K. (1983)., Progeny testing in the
field conditions. Indian Dairyman, 35: 261-266.

. Nagpal, M™.P. and Acharya, R.M. {1971). S8tudies on Sahiwal
dairy herd records: Effect of non-genetic facotrs. Indian
J. Apim. Sci., 41(7}: 515-520.

Nazarenke, V.G.(1970). Effective evaluation of the genotype. 1.
Bulls on the productivity of different number of daughters.
Sel "Khoz Zhivat, Tom, I VN II Razved. Genet. Silk-hoz. Z.
hivot, Leningard, 40-42 (Anim. Breed. Abstr., 40: 267).

Nishimura, K.(1988). Estimation of genetic parameters of simple
production-body size indices and other dairy traits in
Holstein cows based on field data. Bull. Hokkaido-
Prefectural Agrl. Exp. Stn., 57: 67-77.

0'Connor, L.K. and Stewart, A. (1958). The use of 180-day
records in contemporary comparisons. Rep. Prod. Divi Mktg.
Bd., 8:93 (Anim. Breed. Abstr., 27: 169).

Q'Connor, L.K. and Lipton, S.(1960). The effect of various
sampling intervals on the estimation of lactation milk yield
and composition. J. Dairy Res., 27: 383-398.

Panda, P.B.and Sandhu, D.P, (1983). Some genetic and non-genetic
factors affecting wuiilk production  in crossbreds of Holstein
and Jesey with Haryana and Desi Bengal cows. Indian Vety.
J., 60: 99-106.



*ii

Pande, A.M.(1988). Inheritance of part lactation records in
Gaolao cattle. Proceedings VIth World Conf. on Anim. Prod.,
Helsinki, 518.

Pandey, H.S. and Desai, R.N. (1973). Performance of crossbred
cows in heavy rainfall areas. I. Economic traits of Friesian
X Sahiwal crosses at the Military Farms. Indian J. Hered.,
5:21_29. :

Panse, V.G. and Sukhatme, P.V.{(1967)., Statistical Methods for
Agricultural Workers, I1IARI, New Delhi.

Parekh, H.K.B. and Singh, M.{(1989}. Efficiency of different
procedures in dairy sire evaluations using crossbred
progeny. Indian J. Dairy Sci., 42(3): 482-488.

Parmar, 8.N.S8., Johar, X.S., Bhadaﬁria, 5.8. and Gupta, R.N,
(19841}, A note on part lactation milk yield in  Tharparkar
cows. Livestock Advisor, $(2}: 51-52.

Pathak, §.C.,, Dhingra, M.M. and Gurug, B.S. (1982). Study of
prediction of 300-d MY from part time production 1in Gir
cows. ' Indian Vety. J., 59: 572-573.

Pilla, A.M., Nardone, A. and Aleandri, R.{1981). New nmethod for
estimation of 305 days lactation production from part yield.
Anim. Breed. Abstr., 49(183): 5994.

Pirchner, P.(1961), Relationship between part and total
lactation in mountain breeds of cattle. Tierz. Zucht. Bio.,
75:79 (Anim. Breed. Abstr., 29: 1995). -

Politick, R.D.., Vos, H., Milojic, M, and Ves, M.P.M. (1967).
Determination of the heriditary transmission of productivity-
by bulls. Veeteett on Zucvelber, 10: 48-58 ({(Anin. Breed.
Abstr., 35: 3459).

Poly and Poutous (1966). Alternate monthly milk recording. 1I.
Accuracy of recording monthly and every 2nd month for 305-
day milk yield. Annls. Zootech., 16: 183-190 - (Dairy Sci.
Abstr., 30: 454).

Preisinger, R., Claus, J. and Kalm, E. (1986). . Estimating
variance components and breeding values in a dairy
population with small herd size. 3rd World <Congr. on
Genetics Applied to Livestock Production, Lincoln, Nebraska,
U.S.A. July 16-22, pp. 409-414.

Raheja, X.L.. and Balaine, D.S.(1977). Studies on wmonthly and
cumulative monthly records in Haryana purebred and their
crogses with some exotic breeds. Indian J. Dairy Sci.,
30(1y: 73-77.

: endya Kusnads .0 phad PH an~A G .C-(;ﬂ?;Zg,) )
! A laptation CLOME con

/
b £, TA Vidht 6UA /5
?%‘iba:?Ziigiémietg.}réfzg::;?%%mbhn-gbi gﬁé:éﬁﬁﬂﬁéiig?



xiii

Raheja, K.L. and Balaine, D.5.(1982). Peak yield and its

relationship with other economic traits in Haryana purebreds
and its crosses with some elite exotic breeds. IYndian Vet.

Raheja, K.L.(1982). A genetic study on part lactation records in

Rai,

Haryana and its halfbreds. Indian J. Dairy Sci., 35(3):
324-330.

A.V.(1971). A comparison of different sampling interals and
computational methods for estimating lactation yields.
Dissert. Abstr., 32{(B): 2460-B.

Ram,S. and Yadav, S.B,5.:(15990). Estimation of breeding value of

Rao,

Rao,

&

sires of Murrah buffalo (BLUP procedure). Proceedings Ir
World Buffalo Congr., 2: 76-80.

D.S. and Sharma, J.8. (1985). Effect of non-genetic factors
on weekly milk production in Murrah buffaloes, Livestock
Adviser, _l__g(g) H 7_100 -~

M.K. (19771, Studies of lactation curve in dairv cattle.
Ph.D. Thesis submitted to Panjab University, Chandlgarh

India, C(Q?Q)Wmmav‘e&ﬁ { Arem - 81@%&’/@) ..?5‘/;

Rayalu, P.K., Subbarayudu, D., Naidu, K.N., Reddy, C.E. and

Venkataramaiah, A. (1984). Genetic and non-genetic factors
affecting part lactation yilelds in crossbred cattie. Indian
Vety. J., 61(4): 304-310.

Reddy, C.D. and Basu, S.B. (1985}. Factors affecting profit

function and production traits in crossbred cattle. Indian
J. Anim. Sci., 55(1): 35-41,

Reddy, K.M. (1977). Genetic and phenotypic studies on lactation

components dnd their use in prediction of lactation vield in-— ~
Murrah buffalo. M.Sc. Thesis, Kurukshetra University,. -
Kurukshetra, India,

Reddy, K.M. and Mishra, R.R. (1982), A study on lactétion

components in Murrah buffalcoes.- Indian Vety. J., 539: 375-
381. ' '

Reddy, K.M. and Mishra, R.R.{1983). A comparative study of

different methods of prediction of lactation yield from part
vields in Murrah buffaloces. Indian J. Dairy Sci.,

36(3):244-249,

Rendel, J.M., Robertson, A., Asker, a.A., Khishin, 8.S. and

Ragab, M.T. (1957). The inheritance of milk production
characteristies. J. Agric. Sci., 48: 426.

Robertson, A. and Rendel, J.(1954). The performace of heifers

"got by artificial insemination. J. Agric. Sci., 3$4: 184-

A Ragy Mk and Surdaresam, & (1979) m&aazg, o AfbeSonf Lt

‘eﬂﬁﬁﬂdﬁﬁjsﬁheiﬁmdaﬁlaaaﬁ et 23 01
;zii}”2£igi;5 53, AnimUised- (555 (

\



Xiv

‘Robertson, A., Strewart, A. and Ashton, E.D. (1956). The progeny
assegsment of dairy sires for milk, the use of contemporary
comparisons. Proc. Brit. Soc. Anim. Prod., pp. 43-50.

Robertson, A. (1957). Optimum group size in progeny testing and
family selection. Biometrics, 13: 442-450.

Raobertson, A,.(1959), The sampling variance of genetic
correlation coefficient. Biometrics, 15: 469-485.

Robertson, K.G. and Speight, B.R. (1974). The use of milk
production records based on afternoon yields of individual
cows, Proc. XIX Ffnter. Dairy Congr., lE: 21-22 (En).

Roy, T.C. and Katpatal, B.G.{1989). Prediction of first
lactaticon milk yields from part lactation records in Jersey
cattle. Livestock Adviser, 14(12): 40-45.

Roy, T.C. and Katpatai, B.G.{(1989). Prediction of 300 days milk
yields from part lactation recerds in Jersey cattle. TIndian
Vety. J., 66(8): 749-755, :

Ruegsegger, A, (1972). ‘Results of progeny testing for milk on
the basis of 100-day lactation. Mitteilungen,
Schwelzerischer Fleckviah-Zuchterband, 5: 1 (Anin. Breed.
Abstr., 41: 1039).

Ruegsegger, A. (1989). Progey testing for milk yield and
milkability 1989, KB-Mitteilungen, 27(3): 46-53.

Saigaonkar, P.B., Deshmukh, S.N., Thatte, V. and Desai, R,(1981).
Prediction of total lactation milk yield in Sahiwal cattle.
Indian J. Anim. Reés., 15(2): 87-92.

Schmidt, G.H. and vanVleck, L.D. (1974). Principles of "Dairy
Science, W.H. Freeman and Co., San Francisco.

"Searle, S.R. (196la). Part lactaticns. III. Progeny testing with
part lactation records. J. Dairy Sci., 44: 921-927.

Searle, S.,R. (1961b). Part lactation II. Genetic and phenotypic
studies of monthly milk fat yield. J. Dairy Sci., 44: 282~
295.

Searle, S.R.{1963). Genetic studies. of dairy production early in
lactation. J. Dairy Sci., 46: 1266.

Sebastian, M. and George, K.C.(1989), Predicting complete
lactation from part records. Indian J. Dairy Sci., 42(3):
633"6350

Senger, M.S., Tomar, N.S. and Arora, V.K. (1987). Genetic and
pheénotypic studiegs of some economic traits of Tharparkar
cow. Indian Vety. J., 64(2): 146-149



v

Sharma, B.D., Singh, R.N. and Singh, C.S.P. (1980}, Part
lactation, rate of decline and persistency of milk yield in
Haryana cattle. Indian J. Dairy Sci., 33(3): 336-340.

Sharma, L.D., Thapan, P.C. and Choudhary, A.L.(1983). Part
lactation as a measure of breeding value in Hariana cattle,
Indian J. Dairy Sci., 36(4): 333-337.

Sharma, P.P., Tomar, N.S. and Arora, V.K.(1982). Genetic apd
phenotypic performances of Sahiwal and Holstein-Friesian x
Sahiwal crossbred cows: Vety. Res. J., 5(1): 53-58.

S8idhar, H.C. and Sundaresan, D.{1973). Prediction of lactation
production from part lactations. Indian J. Dairy Sci., 26:
121-125.

Singh, B., Bhat, P.N. and Garg, R.C.{(1979). A note on the
genetic study of part lactation records in Haryana cattle. -

Indian J. Anim. Sci., 49{(9): 740-743. 3

Singh, B.P., Dutt, M. and Kumar, J.(1967). Estimation of genetic
parameters of part lactation record. Tndian Vet. J., #44:
579-5384, : ‘

% . :

Singh, C.V. and Yadav, M.C.{1987). Nongenetic variation in part

' lactation and 300 days milk yield of Nili-Rabi bufaloes.
Indian J. Anim. Sci., 57(9): 1005-1007.

&
Singh, C.v. and Yadav, M.C.(1987). A genetic study on part
lactation production on Indian buffaloes., Indian J. Anim.
Seci:, 57(2): 154-157.

Singh, Didar and Gurnani, M.(1981)}. Growth bands of Brown Swiss
crossbred cattle. World Review of Anim. Pred., 17(4): 27-
36.

Singh, M. and Acharya, R.M.(1869). Inheritance of part lactaticn
in Haryana cattle. J. Dairy Sci., 52: 775-778.

Singh, M., Chaudhary,R.P., Singh, R.V. and Singh, €C.V.(1988). A
genetic study of part lactation production on Sahlwal COowSs .
Indian J. 2nim. Sc¢i,, 58(7): 860-861.

Singh, M.M. and Tomar, N.S5.(1983). Genetic studies on milk
production in different lactations of Harvana cows. Indian
Vety. J., 608(10): 815-819,

Singh, R.A. and Desai, R.N.(1966). Effect of body weight and age
at first calving on milk production in crossbred (Helstein x
Sahiwal) as compared to Sahiwal cattle. 1. Bffect of body
welght on milk production. Indian J. Vety. Sci., 36¢ 72.



xvi

Smith, J.W, and - Legates, J.E.(1962). Factors affecting
persistency and its importance in 305 days lactation
production. J. Dairy Sci., 45: 676. “

Snedecor, G.W. and Cochran, W.G.(1967). Statistical Methods, 6th
edn. Oxford & IBH Publ. Co., New Delhi, India.

Srivastava, G.K., Khan, F.H. and ashok Singh(1984). Factors
affecting part lactation in Sahiwal cattle. Livestock
Advisor, 2(3): 33-36.

Srivastava, G.K. and Khan, F.H. (1987). Genetic study of part
lactaticn records and their usefulness in selection of
Sahiwval animals in-M.P. Indian Vety. J., 64(3): 232-238,.

Srivastava, G.K. ad Khan, F.H.(1989). Genetic study of part
lactation records and their usefulness in selection of
Sahiwal animals in M.P. II. Estimate of genetic and
phenotypic parameters "~ of cumulative part yield. Indian
Vety. J., 66: 40-43.

Steel, R.G.D. and Torrie, J.H.(1960). Principles and Procedures
of " Statistics with Special Reference to the Biological
Sciences. McGraw Hill Book Co., Inc.

Steen, U. and Buitrago, P. (1977). Possibilities of increasing
the efficiency of milk recording. Review de la Facuttae de
Agronomia, Universided Central de Venezuela, 8: 165 (Dairy
Sci. Abstr., 41: 35448}. '

Stipic, N.(1986).  The distribution of correlations of milk yield
recorded for different lengths of lactation. Stocarstvo,’
+ 40(7-8): 233-235.

Sushil Kumar (1990}. Genetic studies on part lactations for sire
evaluation in Sahiwal cattle. M.Sc. Thesis submitted to
NDRI (Deened University),Karnal,India, )

Suzuki, M. and Mitsumotd, T.{1986}. A comparison of three models
for BLUP sire evaluation of dairy cattle in Hokkaido. Jap.
J. of Zootech. Sci., 57{(9): 718-725.

Suzuki, M., Mitsumoto, T. and Tsuruta, 5.(1989). Joint’
evaluation of sires and cows using field data on the
Holstein population of Hokkaido. Jap. J. Zootech. Sci.,
60(8): 755-760.

Swiger, L.A., Harvey, W.R., Everson, D.0O. and Gregory, K.E.
(1964). The variance of intraclass correlation involving
group with one cbservation. Biometrics, 20: 818-826.

Tahir, M., Choudhary, R.A., Ahmad, N. and Hussai, T. (1983}. Role
of part lactations in sire proving, programmes and speeding
up selection of Nili-Ravi buffaloes. Indian J. Dairy Sci.,
36(4): 391-393.



Xvii

Tajane, K.R. and Rai, A.V.(1990). Efficiency of sire evaluation
methods to improve milk yield of S8ahiwal x Holstein «x

Friesian cattle. Indian J. Anim. Sci., 60(2}: 183-191.

Tandon, P.K. and Harvey, W.R.{1984). Best 1linear wunbiased
prediction of sire breeding values from part lactations of
daughters. J. Dairy Sci., 67(10): 2399-2406.

Taneja, V.K. and Bhat, P.N. (1974}). Performance of Sahiwal x
Holstein crossbred grades in India. First lactation yield.
XIX Inter. Dairy Congr., lE: 47-48 (Anim. Breed. abstr., 43:
3939).

Taneja, V.K. and Bhatnagar, D.S. (1985). Genetic parameters for
some measures of milk production in Tharparkar cattle.
Indian J. Anim. Sci., 55(5): 351-353.

Taneja, V.K. and Garg, R.C. (1976),  Genotype-environment
interaction for milk yield in dairy cattle. Indian J. Dairy

Vachal, J. and Berea, C.(1971). Comparison between daily and
" monthly recording ‘of  milk production.  -Ciencias
Agropecuaries II. Universidad de la Habena, 2: 9 (Dairy Sci.
Abstr., 37: 5334).

VanVleck, L.D. and Henderson, C.R.(196la}). Ratio factors for
adjusting monthly test data for age and season of calving
and ratio factors for extending part lactation records, J .
Dairy Sci., 44: 1093-1102. ‘

VanVleck, L.D. and Henderson, C.R.{1961b). Estimates of genetic
parameters of some functions of part lactation milk records.
J. Dairy Sci., 44: 1073-1084.

VanVleck, L.D. and Henderson, C.R.{(1961lc). Regression factors
for extending part lactation milk records. J. Dairy Sci.,
44: 1085. o '

VanVleck, L.D. (19¢62). Sire evaluation from five  month
daughter's records. J. Anim. Sci., 21: 633.

VanvVlieck, L.D. (1964). . Genetic parameters of five month
lactation records. J. Dairy Sci., 47: 421,

Wearden, §5.(1959). The use of power function to determine an
adequate number of progeny per sire in a genetic experiment
involving half sibs. Biometrics, 15: 417-423.

Welper, R.D., Freeman, A.E. ad Thelen, A.(1989). Genetic
parameters for production traits of Holsteins including
lactose. J. Dairy Sci., 72(1): 41.



xviii

Werf, J.H.T., Van der, Boer, W. de, Vander, Werf,J.H.E. and De
Boer, W.(1989). Estimation of genetic parameters in a
crossbred population of black and white dairy cattle, J.
Dairy Seci., 72(1): 2615-2623. .

Wiggans, G.R.{1988). Animal model evaluation of Ayrshire milk
yield with all lactations, herd-sire intraction and groups
based on unknown parents. J. Dairy Sci., 71(5): 1319-1329.

ﬁinnicki, S., Wronski, M. and Kaczmarczyk, T.(1974). Analysis of
the effect of month of calving on the milk yield of heifers
in 100-day part lactations. Zegzyly Nauvkowe  Akadamii
Rolniczo-Technic~-Zhej W Olsztyie. p. 129 {(Anim. Breed,
Abstr., 43: 5724).

Youssef, A.A., Tclba, Y.M. and Ahmad, S.D.{1961). Estimaticn of
buffalo milk yield by.recording at different intervals. J.
~Anim. Prod., UAR, l1: 75-82 (Anim. Breed. Abstr., 31: 279)

Zarnecki, A,, Stolzman, M. and Romer, J.(1982). Estimating the
305-day milk and nilk fat vield from part lactations. Anim.
Breed. Abstr., 50(8): 381. . -

Zorn, W. and Gruhan, R. (1943}. Milk yield and fat contents’
comparison of milk yields calculated from records at
intervals of 3, 4, & or 8 week. PForch Dienst., 116: 20
(Dairy Sci. Abstr.., 6: 156).

o Wimkebmran, AM Setosf il LR.C1988) Fégeel of
MM@ %VM%M% Lotho crobu s

jﬂ;@'w?, | 7/ 3033 —~2e37.



