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ABSTRACT 

Investigations were made on effectiveness of 

schemes, part lactation yields and cumulative 

estimation of lactation milk yield on the basis of 

two sampling 

yielc.s fot" 

fort~ightly, 

monthly and bimonthly recording. The data consider~d was' 

2,96,496 first lactation daily milk records of 1044 Karar. Swiss 

and 2,38,810 first lac~~tion daily records of 835 Kara~ fries 

cows~ The two sampling schemes were systematic sarnpl;ng and 

stratified random sampling. It was found that the predic~ion of 

lactation milk yield (PMY) on the basis of sampling sche=~s was 

slightly higher than observed milk yield (OMY). The eff::cts of 

various non-genetic factors on OMY as well as PMY's were 

generally similar indicating that the sampling schemes cid not 

distort such effects on milk yield. Fo"r the purpo~e of prsdiction 

of lactation milk yield on the basis of a single record by ratio 

method, the test record taken during 9th to 10th fortn:ght or 

fourth to sixth month or second bimonth gave highest accu~acy of 

prediction; whereas by regression method the maxihlUm acc~racy of 

prediction was obtained on the basis of 12th and 13th fc~tni9ht 

test record and part yield or sixth/seventh month or 3rd =imonth. 

Similarly, for the p~rpose of prediction of lactation milk yield 

on the basis of two test records by forward selestion i~epwise 

regression method. the maximum accuracy was obtained on t~e basis 

of 3rd/4th and 12th/13th fortnight test records or :~d and 

6th/7th month test records and part yields 

part yields. Furthe~~ 

or 1st and 3rd 2imonth 

test records and for the pur;ose of 

thre'2 test prediction of' lactation milk yield on the basis of 

records by forward selection stepwise regression met:'od the 

maximwu accuracy was obtained during 3rd/4th, 12th/13th· ar.d 17th 

fortnight test records and part yields or 2nd, 6th, ~lth me nth or 

1st, 3rd and 4th bimonth test records and part yields. Keen more 

number of test records or part records were considered as 

independent variables, there was increase in accurc:~y of 

prediction but- . a:t slower'·-rate. The accuracy of prediction of 

lactation milk yield was highest at shorter inter'o-al of 

recording, the error variance of prediction increasei with 



increase in testing interval. The systematic sampling scheme 

gave slightly better precision of e.stimates as compared to 

stratified random sampling scheme. The highest estimates of 

heritability were obtained for 10th fortnight yield, 5th month 

yield and 1st bimonth yield for KS and 13th 'fortnight yield, 7th 

month yield and 1st binonth yield in KF. The heritability 

estimate of cumulative p~t yield was highest for first 180 days 

part yield for KS and for first 210 days part yield for KF. The 

estimates of genetic correlations between OMY and PMY's under 

various sampling schemes ... ,:ere very high ( >.0.95). The breeding 

value of 51 KS sires and 54 KF sires were estimated by four 

conparison methods, viz., daughter's average (II)' contemporary 

(12), least square analysis (13) and best linear 

prediction (BLUP; 14). For KS sires," highest average 

values were obtained by net hod 14' whereas for KF sires, 

u:l.biased 

b!'eeding 

highest 

average breeding values ~ere obtained by method II' The ranking 

of methods on the basis of average breeding value of OMY and P}lY 

under two sampling schenes and three testing intervals were 

similar. The contemporar~' 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 n~ber of 

part records around rni~ lactation (9th to 13th fortnight) was 

nearer or slightly hi;::'er than number requ"ired for c:::mpletc 

lactation milk yield for the. purpose of sire evaluation with same 

accuracy, it was found that for organised farms, mini::lUm 12 

daughters per sire shoul-l. be available. Comparing the CGst of 

recording and number of daughters required under various sampling 

schemes, it was concluded that bimonthly stratified random 

sampling scheme would be optimum. 
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Age at first calving - days. 

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

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

Fortnightly systematic sampling scheme. 

Monthly systematic sampling scheme. 

Bimonthly systematic sampling scheme. 

Fortnightly stratified random' sampling scheEle. 

Monthly str~tified random sampling scheme. 

Bimonthly stratified random sanpling scheme. 

Monthly cunulative milk yield. 

Sire index by daughter's average index method. 

Sire index by contemporary comparison method. 

Sire index by, least square analysis method. 

Sire inde:.; by best linear unbiased prediction 
(BLCP) method. 

Karan Swiss breed. 

Karan Fries breed. 

Regression coefficient. 

Degree of freedom. 

Not significant. 

Mean sum of square. 
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CHAPTER -1 

INTRODUCTION 



1. I!iTRODDCTION 

The genetic improvement of indigenous COWB 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. Accor~ing 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 

year 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 

cross-bre_eding programme in India are Military Dairy Farms, 

Indian Council of ~gricultural 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 farID$~ 

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 yield of 9,956 

recorded cows during 1977-87 was 1,550 kg (XLD and MMB, Annual 

Report, 1985-86). The average first lactation yield of 449 

Holstein Friesian (aF) x local crossbreds cows, born out of 23 SF 

bulls, was 2142a8 kg in Ludhiana district (Garcha and Dev, 1985)e 

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-l cows. However, proper 

selection of females and males has been recommended for 

improvement among crossbreds over subsequent geneI-ations (Gurnani 
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et al. r 1986bl. Singh and Gurnani (19811 reported that the body 

weights and growth rates of Brown Swiss x Sahiwal females were 

higher 

F-2. 

from 

in half-breda in subsequent generations as 

They concluded that the fall in average body 

F"-l to f-2 might be attributed to the effect 

compared to 

weight gain 

of heterosis 

but higher body weights of F-3 and 1/2 miscellaneous as 

to F-2 indicated that heterotic effects are not 

compared 

of much 

importance. The increase in body weight from F-2 to F-3 and 1/2-

bred miscellaneous c~osses indicates that there might be the 

effect of involuntary selection for higher body weights wherein 

the additive genetic effects are exploited. Therefore, for 

maintai~in9 high level of milk production of crossbred cattle and 

their further improvement, it is necessary to 

programmes of genetic evaluation of females 

selection of animals of high genetic merit. The 

on modes of genetic improvement around the world 

execute proper 

and males and 

investigations 

indicC4te that 

proper genetic evaluation and selection of bulls 

more than 75 per cent of the actual genetic 

Further. genetic evaluation of the bulls should be 

brings about 

improvement. 

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 some countries advanced in dairying, viz. U.S.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 of'" qual ified exte"nsion workers and recorders. 
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(iii) small 'herd size. (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) 6 

It is now well recognised that as long as individual farmer 

remains u~convinced of the gains of herd recording sY,stem. its 

development would remain a difficult proposition inspite of much 

needed efforts the 

organisations. This calls 

G).overnment 

for need of 

agencies 

devising a 

and other 

recording 

system which is 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 bulls. 

Selec·tion of sires to be used for breeding under field 

conditions 1n India has been practiced to a limited extent on 

small number of bulls tested under progeny testing programmes in 

the organised farm conditions and to some extent 1n farmers' 

herds. However, to make the ~election of breeding bulls more 

effective and efficient, it is essential to conduct progeny 

testing of as many number of bulls as ·possible and that too by 

involving large cattle population in rural areas. The main 

obstacle is 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, important to 

explore the possibility of designing an appropriate test-day 

recording system applicable under prevailing field conditions in 

India without· sacrificing the reliability of results. 

Earlier studies conducted in India on periodical. recor'dings 

mainly used the fitting of lactation curves. 

equation in lactation curves is not only 

The fitting of 

computationally 

cumbersome, but tends to underestimate or overestimate the 

lactation yields. Therefore, it was considered appropriate to· 

examine the e~fi.,?acy of various sampling schemes uS1ng alternate 
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simpler methods like ratio, simple linear and multiple linear 

re9ress ion. 

Further, besides use of farmers' cows, it is recommended 

that some daughters at organised farms should also be obtained to 

improve the accuracy of sire evaluation. For this purpose, early 

cows' and bulls' evaluation may be done'on the basis of part 

lactation yields. This approach reduces .the generation interval 

but is expected to-'reduce the accuracy of sire evaluation 

specially in our situations where progeny group size is small. 

Therefore, it is necessary to examine the repeatability of 

evaluation of breeding value of bulls at different progeny group 

sizes and to explore the possibili.ty of designing an appropriate 

recording system which is efficient, cheaper, acceptable to 

dairyman and adoptable under Indian field conditions. 

Therefore, this investigation was undertaken with the 

following objectives: 

1. To examine the efficacy of prediction of lactation milk 

yield 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. 



CHAPTER - 2 

REVIEW OF LITERATURE 



2. REVIEW OF LITERATURE 

2.1 ESTIMATION OF LACTATION MILK YIELD FRbM VARIOUS SAMPLING 

SCHEMES 

Recording the performance of an animal is essential for 

evaluation of 

of organised 

conducted at 

its genetic worth for selection purposes. In most 

herds in India, the milk recording is generally 

every time of milking every day_ This qives 

estimate of actual lactation milk yield of cows when there is 

weaning of calves at their birth. Th~ugh daily milk recording 

gives the· ,actual production, it is very expensive to record all 

cows every time daily in farmer'a/field conditions' by any 

external agency other than the farmer himself. The expenditure 

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 places. 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 

sampling error percentage is likely to be small. 

proving, 

The accuracy 

the 

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 yields on .the basis of 

recordings at longer intervals. Most of the research 

milk recording schemes has been conducted on purebred 

Since in India crossbreeding of cattle has been taken 

work on 

cattle. 

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 basis of various periodical 

recording schemes. The review of literature, therefore, has been 

made to know about the work already done about relatfve accuracy 
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of various milk recording systems in various breeds of dairy 

animals, especially cattle and buffaloes. 

2.1.1 FORTNIGHTLY RECORDING 

Davey and Alexander (1955) reported 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 Amble and Rajagopalan (1960) 

estimated the lactation milk yield from test yield recorded at 

different intervals by simple random sampling and systematic 

sampling in cattle and buffaloes in India. Recording every two 

weeks provided ~n estimate of lactation yield of a single animal 

with a standard error of about two per cent. They reported that 

systematic 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 deviation, 

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 

buffaloes. 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 
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between OMY and PMY estimates ~as 0.-800 and 0.860 in pure brede 

and orossbreds, 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 yields 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 its crosses and the percentage of average absolute error 

ranqed from 2.01 to 3.62. 

Kaura et al. (1983) found the estimate of phenotypic 

corre1ation between actual lactation milk yield and. fort~i9btly 

predicted milk yie,ld as O.99~ Fortnightly A.M. and P.M. milk 

recordings 

sampling. 

gave more accuracy than monthly and bimonthly 

Murthy et al. (1984) used the 15th, 30th and 45th day to 

predict lactation milk yield by multiple re9ression eqlla-t~on in 

Ongole cattle. Correlation between 15th day milk yield and 

lactation milk yield was 0.64. Further predicting the lactation 

yield based on the records of day's milk yield taken at fixed 

days or at random from 25 to 35 and 40 to 50 days of lactation 

was highly reliable. The accura~y (R2) of prediction was 97 and 

91 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 wf 

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

Agrawal et ala (1987) reco~ded daily milk yield in 77 

Haryana cattle and 115 Murrah buffaloes at int~rvals of 7, 14. 28 

or 56 days. There were no S--l.g-hificant -"-differences in the 
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accuracy of estimated milk yield on the basis of tests sampled at 

interval of 7, 14 or 28 days, but significantly higher estimates 

were obtained for cows sampled at 5~ days interval. 

Crosse et a1. (1988) reported that most accurate method for 

estimating 

per week. 

total lactation yield was based on one-day recording 

The error increased as the interval between.re~ordinga 

increased. The majority of yields were within 5 per cent of the 

true yield when recording was frequent. 

Dass (1991) observed that the accuracy under systematic and 

stratified random sampling was better with shorter testing 

intervals under fortnightly sampling: the 

was lower under stratified random scheme. 

per cent average 

Variability- in 

error 

actual 

first lactation yield on drawing samples at fortnightly intervals 

could be explai.ned to the extent of 98 per cent. under systematic 

and stratified random sampling schemes. 

2.1.2 MONTHLY RECORDING 

Erb et al. (1952) observed that the calender month method 

showeq 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 

+12 per cent in one per cent of the records. Percentage error in 

est~mating milk yield 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 
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a correlation of 0.90 between ~nthly and total lactation yield 

rankings. To reach a rank correlation of 0.80, it was necessary 

to record over 55 per cent of the lactation duration. 

Jaisorowski et al. (1966) found a correlation of 0.985 

between milk yield estimated from monthly recording and actual 

lactation milk yield. The absolute mean error of the estimation 

was 87.6 litres. There was a correlation of 0.949 between yield 

at morning and total da~ly yield. 

Poly and Poutous (1966) proposed that in order to reduce the 

cost of monthly recording each animal should be r,ecorded ever.y 

month at a s.ingle milking, alternating between morning and 

evening I daily milk yield being estimated- by doublin9 the 

-recorded yield. The accuracy of this type of recording was 

estimated 'by ratio method. This ratio-estimate did not exceed 

actual yield 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 conv~ntional 

centering date method of calculating 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 roonthly testing was· more accurate than 

bimonthly testing. 

Everett 

Improvement 

et a1. (1968) reported that 

Association (OHIA) method of 

the Dairy 

testing in 

Herd 

USA 

overestimated actual production by an average of 57.3 kg "milk 

under monthly test~ng scheme. Adjusting production in the first 

and last test periods reduced the mean deviation from actual 

production upto 1.5 kg milk fat monthly DHIA testing. 

Ivanov et al. (1969) reported that the estimated lactation 
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yields~ with 5, 10, 15 and 30 days recording intervals, were less 

than actual 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 various 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 rat 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 in 

purebred and 154 kg less in crossbred cattle as compared to 

actual milk yields in Denmark. 

Rai (19711 used ·30 days sampling interval and three 

computing methods, viz. (I) no adjustment, (2) first test 

adjustment, and (31 first and last test adjustment of records. 

The average errors of estimate based on monthly samples by the 

three methods were 0.63, -0.02 and -0.13 per cent, respectively 

in Jersey and ·Friesian breeds· of cattle. 

that the error of-Vachal 

estimation 

and Berea 

of individual 

(1971) revealed 

lactation milk yield from monthly 

·Holstein recording was less than one per cent· of actual yield in 

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) reported that the averages of actual and estimated 

lactation yields from milk records made at 10 and 30 days 

i}lt_erval were more or less similar. 



Robertson and Speight (1974' found that 90 

records obtained by the method practiced by the 

11 

per cent of 

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 dai~y cattle in Kenya. He 

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 lactation milk yield in four weekly intervals ranged from 

-1.66 to 1.00 per cent and aver~ge 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 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) obtaineq the range of error in estimating the 

lactation milk yield from monthly tes-ting .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 record-ing. 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· milk yields of 15th, 30th and 45th day by multiple regression 
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equation. He observed 98 per cent of variation in prediction of 

300 days milk yield under single test day milk recording on 15th, 

30th and 45th day. 

Chacko et al. (1964) 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 Dev (1985) 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 calv·ing. 

Lactation milk yields for 305 days were computed from the monthly 

records and comP'7lrison of the bulls was made by using two methods 

(1) ba$ed on simple .average of daughters and. (2) based on least 

square 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 in errors was 0.04 to 5.65 per cent. 

Correlations between individual monthly test day yields arid 

actual 305 day yields 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 us~ng 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 

yields 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%) -·f-01"" those···-with 
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longer lactations. It was further found that among all the 

estimates. 81.67 per cent were within 5 per cent of the true 

yield. 

7 days 

They considered method of calculation of yield with 28 + 

interval for milk recording buffaloes under field 

conditions to be satisfactory. 

Anderson et a1. (1986) studied effect-of length of samplihg 

intervals on accuracy of estimating total lactation yield. They 
suggested 30 days sampling interval to give most accurate 

estimates of lactation yield. 

Agrawal eC al. ~1987) concluded that interval of 28 days 

would be the most appropriate and that a complete day milk yield 

could be hased on "an evening milking plus that from the morning 

milking the following day". 

Khanna and Balaine (1988) studied the reliability of regular 

and irregular interval recording with variable center"ing date in 

estimating milk yield of crossbred cattle. They found that 

centering dates later than 30th day underestimated yield when 

sampling was carried out once or twice per month. Magnitude and 

direction of bias and sampling error were influenced by the "day 

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

Anderson e~ al. (1989' sampled daily milk yield using 

different frequencies and spacing of samples to investigate 

accuracy and precision of estimating total yield. Sampling 

methods differed significantly in ability to predict total yield 

accurately, and nearly all methods tended to overestimate actual 

yield. However, sample biases were insignificant for all equally" 

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 

pe~iod was important in determining the magnitude of biases in 

non-linear procedure. 
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Gujar et al. (1989) investigated the efficiency of var10US 

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) reported that the estimates of error, absolute 

error and standard dev'iation of error under monthly 'systematic 

and stratified sampling schemes in estimating 305 days or less 

milk yield using ratio method were 26.71. 68.56. 84.57 and 33.63, 

74.15 and 89.64 kg, respectively. The systematic sampling was 

found to be better in mon.thly test day interval than the 

stratified random sampling scheme. 

2.1.3 BIMONTHLY RECORDING 

Rrb et al. (1952) found that the daily variation among 62 

lactation simulated records from daily yields 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 production 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 use 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 previous DHIA method to adjust 

production in the fir~~ 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 r respectively._ 

production in the first and last test periods reduced" 

deviation from actual production by 1.5 and -2.9 kg of 

bimonthly and trimonthly recording, respecti~ely. 

concluded that correcting test day production for the 

Adjusting 

the mean 

milk in 

It was 

stage of 

lactat·ion in the first and last test records merits consideration 

because of the more accurate estimate of actual production 

obtained and the reduction in the variance of the deviations of 

DBIA estimates from actual yield. 

Lamb and young (1968) found that "J.actation 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 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 could be based on samples taken as much as 

two months apart. 

Rai (1971l 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· computi"n9- 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. He 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, res~ectively in both the 

sche~es. The average errors of bimonthly first test adjusted and 

trimonthly first and last test adjusted estimates were closer to 

zero than that of mont'1l'ly ad.justed 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 alterna,tive 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 

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 its 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 

bimonthly 

estimates 

(1985) obtained the estimates of 305 day 

test day records; he found that 89.22 

were within 5 per cent of actual values; 

yield 

per, cent 

the range 

from 

of 

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. The ranking 

of cows culled on the basis of milk 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 buffaloes in field 

conditions. 

Khanna and Balaine (1988) reported that the estimation from 

sample~ 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 

the first 

error was influenced by the days of lactation on 

and last samples were taken. 

which 

Dass (1991) studied the efficacy of prediction of lactation 

yield in Murrah buffaloes based on bimonthly milk recording under 

systematic and stratified random sampling 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 49.21 kg, 3.02 per cent, 

120.97 kg, 7.44 per cent and 167.57 kg under systematic scheme 

respectively. In similar fashion·, the estimates were 53.02 kg , 

3.25 per cent r 120.04 kg, 7.33 per cent and 144.92 kg under 

stratified random sampling 's~hemes. stratified random sampling 

scheme became more efficient at bimonthly testing day interval as­

indicated by per cent average absolute errOr and standard 

deviation qf error. 

2.2 PART LACTATION STUDIES 

Part lactation records could be used to reduce the time 

required for progeny testing of bulls and to have estimates of 

the - p~oductivity of cows soon a.fter 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 interval but 

may be reduced due to reduction in accuracy of estimation o.f 

breeding value of animals. The literature on inheritance of part 

lactation yield. their relationship with complete lactation 

yield, prediction 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 

estimates of heritability of different parts -of" 
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Table L The heritability estimates of different parts of lactations 

8l. Species/breed Corrp::ment of h2 AuthorCs) 
No. lactation 

1. Holstein cattle First 120 days 0.34 Madden et ai. (1955) 

-do- First 274 days 0.63 -do-

.-. 
2. European breeds First 70 days 0.36 Rendel et a1. (1957) 

3. Jersey crossbred 1st nonth yield 0.19 Searle (196A 
2nd .. 0.10 -do-
3rd .. 0.14 -do-
4th .. 0.10 -do-
5th " 0.08 -do-
6th " 0.11 -do-
7th .. 0.07 -do-
8th " 0.08 -do-
9th .. 0.08 -do-

lOth .. 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 m:mths of 0.40 VanVleck (1964) 
first lactation 

Guernsey -do- 0.03 -do-

Jersey -do- 0.20 -do-

BrcMn SWiss -do- 0.59 -do-

6. Haryana 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-

contd ....... 
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contd. • ... table 1 

81. Species/breed Carponent of h2 Author(s) 
No. lactation 

7. Haryana cattle 3rd rronth to Bth 0.12 to Singh and Acharya 
month milk yield 0.33 (1969) 

-do- 1st GUmUlative part 0.16 to -da-
ta 8th cumulative 0.43 
part 

B. Murrah buffaloes First month yield 0.76 Iqba.l1udd~n et ai. 
11970) 

-do- CurrR.llative 3 months 0.B2 -do-
yield 

-do- Cumulative 5 ru::mths 0.61 -do-
yield 

-do- CUmulative 7 months 0.52 -do-
yield 

-do- 300 day milk yield 0.47 -do-

9. Murrah buffaloes Cumulative 9 months 0.30 Kushwaha et ai. 
yield (1972) 

-do- Lactation milk yield 0.14 -do-

10. Murrah buffaloes 1st to 8th cumulative 0.21 to Gokhale (1974) 
rronthly yield 

. -00- 1st month milk yield 0.272 -do-
-do- 2nd oonth .. 0.157 -do-
-do- 3rd lIDnth •• 0.19B -do-
-do- 4th rronth •• 0.207 -do-
-do- 5th month .. 0.233 -do-
-do- 6th month .. 0.197 -do-
-do- 7th rronth .. 0.190 -do-
-do- 8th IOOnth 0.249 -do-
-do- 9th month .. 0.121 -do-
-do- 10th IOOnth .. 0.152 -do-

11. cattle 1st to 10th cumulative O.lB to Auran (1976) 
test day yield 0.2~ .. 

contd ...... 
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contd ...•.. table 1 

. SL Species/breed Conp:ment of h2 Author(s) 
No. lactation 

12. Buffaloes First 30 days yield 0.13 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-- first 270 days yield ·0.41 to -do-
0.50 

-do- First 305 days yield -O.OB to -do-
0.27 

14. Haryana cattle 5th m::mth yield 0.723 Sharna et ai. 
(1980) 

-do- 6th !OC>nth yield 0.875 -do-

15. Karan SWiss First 60 days yield 0.05 Mehta (1981) 
-do- First 180 days yield 0.01 -do-
-do- First 210 days yield 0.03 -do--
-do- First 240 days yield 0.07 -do-
-do- First 270 days yield 0.01 -do--

Karan Fries First 60 days yield 0.88 -do-
-do- First 90 days yield 0.99 -do-
-do- First 120 days yield 0.95 -do-
-do-- First 150 days yield 0.92 -do--
-do- First 180 days yield 0.79 -do-
-do- First 210 days yield 0.77 -do--
-do- First 240 days yield 0.74 -do-
-do- First 270 days yield 0.79 -do-

16. aaryana cattle 4th !OC>nth yield 0.34 Shanna et al. 
(1983) 

-do- 120 days cumulative 0.42 -do-
milk yield 

17. Haryana cows 150 days milk yield 0.36 Singh and TOl\'Ia;r 
(1983) 

contd ....•.. 
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81. Species/breed 
No. 

18. Buffaloes 

19. sahi\\lal cattle 

20. Gaolo cattle 

CorrpJnent of 
lactation 

1st rronth yield 

2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 

10th 

__ 01, 

" 
" ., 
" 

" 
" 

1st to 10th month 
yield 

2nd month yield 

21. Sahiwal cattle 1st to 7th lIDnth 
yield of first 
lactation 

-do- 1st to 6th rronth 
yield of second 
lactation 

22. Sahiwal cattle First 30 days yield 
First 60 days yield 
First 90 days yield 
First 120 days yield 
First 150 days yield 
First 180 days yield 
First 210 day. yield 
First 240 days yield 
First 270 days yield 
First 300 days yield 

0.07 

0.11 
0.08 
0.18 
0.07 
0.10 
0.08 
0.09 
0.10 
0.10 

0.30 to 
0.46 

0.29 

Author(s) 

. Singh and Yadav 
(1987) 

-do-
-<10-
-<10-
-<10-
-do-
-<10-
-<10-
-do-
-<10-

21 

Srivastava and Khan 
(1987) 

Pande (1988) 

0.16 to Singh et al.(1988) 
0.52 

0.14 to 
0.78 

0.684 
0.136 
0.154 
0.164 
0.135 
0.182 
0.106 
0.219 
0.255 
0.276 

-do-

Sushil Kumar (1990) 
-<10-
-<10-
-<10-
-do-
-<10-
-<10-
-<10-
-<10-
-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 yield under sampling 

scheme and actual lactation yield are summarised in Table 2. 

Rende! 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 wa~ 0.80 in the first 

lactation, 0.775, 0.789 and 0.781 in the second, third and fourth 
lactations, respectively. 

Pirchner 

correlations of 

(1961) observed phenotypic 

part yields with whole lactations 

and genotypic 

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 (1961a) 'reported that the genetic correlations 

between monthly yields and total milk yield were higher among 

early months of lactation tha~ among later months and also higher 

than correlations between early 

Jersey crossbreds. This may 

and later months in 

be due to higher 

environmental effects in latter parts of lactation. 

Jersey and 

temporary 

Smith and Legates (1962) estimated a genetic correlation of 

0.92 in Holsteins between 90 days and 305 days milk yields. 

Searle (1963) found genetic correlations between monthly yields 

close to 1.0 from paternal half-sib analysis. VanVleck (1964) 

analysed data on Ayrshire, Guernsey, Holstein, Jersey and Brown 

Swiss to. ~ee the gene~ic relationship between 150 days and 305 
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Table 2. Relationship between predicted yield under sanpling sches!e and 
actual lactation yield 

51. Species/breed 
No. 

1. Black Pied leM 
land cattle 

2. Indian cows 

3. Iollrrah 
buffaloes 

4. Dairy cattle 

5. Dairy cattle 

6. Iollrrah 
buffaloes 

7. Holstein 
Friesian and 
Brown Swiss 

8. Sahiwal and 
crossbred 

9. Buffaloes 

10. Holstein 
Friesian X 
Ongole 'arid 
Brown SWiss x 
Ongole 

3, 4. 6 and 8 
weeks 

Ibnthly 

Reccmnended 10 
days test 
interval 

Ibnthly milk 
recording 

Ibnthly, 
bim:Jnthly and 
tr:iJronthly 

Fortnightly and 
Il'Onthly 

3, 4, 6 and 8 
weeks 

10 records at 

Correlation 
between estiInated 
yields and actual 
yields 

0.978 to 0.999 

> 0.90 

Magnitude 
dec~se with 

. increase· in test 
interval 

0.,985 

Ranged between 
, 0.959 to 0.977 

(monthly) , 
0.941 to 0.943 
(bim:Jnthly) ,and 
0.917 to 0.947 
(trim:Jnthly) 

0.996 to 0.992 

0.99, 0.99, 0.97 
and 0.98 

0.91 to 0.97 
4 weeks intervals 
of 8th day of 
lactation 

Fortnightly, 
IrDnthly A.M. 
andler P.M. and 
bim:Jnthly 
recording 

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

Ranged from 
0.99 to 0.97 

0.98 and 0.99 

Authods) 

ZOrn and Gruhan 
(1943) 

Amble and 
Rajagopalan 
(1960) 

Agarwala (1962) 

Jasiorowski 
et a1. (1966) 

Lamb and Young 
(1968) 

KCICmer and Pal 
(1970) 

Steen and 
Buitrago 
(1977) 

Amin (1983) 

Kaura et al. 
(1983) 

1ollrthiJ. et a1. 
(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 

0.96 and 0.98 for 15 days, 75 days and 135 days with 305 

milk yield in Haryana cattle. Singh and'Acharya (1969) 

genetic correlations of monthly and cumulative monthly yield 

total production io_ ,first lactation Haryana cattle to 

approaching unity. 

0.73, 

days 

found 

with 

be 

Iqbaluddin et al. (1970) observed in Murrah buffaloes, a 

correlation of 0.71 between first month yield and first ~actation 

yield. The correlation between first lactation yield and 

cumulative monthly yields increased '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 O.Bl, 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 buffaloes. 

Gokhale (1974) observed in Murrah buffaloes that 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 yields and total 

lactation milk yields were positive and high. 

Auran (1976a) found mid-lactation test day yield to be 

having highest genetic and phenotypic correlation with 305 day 
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lactation yield in Norwegian Red breed. Fpr fifth, sixth and 

seventh test days genetic correlation exceeded one. Cumulative 

test day yields had correlations ranging from 0.76 to 0.99 with 

ten cumulative test day yields. Last test day yields were 

closely related to total yield than cumulative test day yield. 

Reddy (1977) found that the genetic cdrrelations between 180 

and 270 days milk yield and 270 and 305 days milk yield were 0.58 

and 0.55, respectively_ 

Ipe (1979) found that the genetic correlations of part 

records with 300 days records ,were high and increased with 

progresS'ive 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 period (rG ~ O.B67) than beyond it. Phenotypic 

correlations also showed the same trend of increase. Genetic 

correlations were observed to be 

correlations. 

slightly 

Sharma 

higher than 

et ai. (1980) corresponding phenotypic 

reported that all monthly 

yields (0.77 to 0.99). 

yields were correlated with 300 days 

Nagarcenkar an'd BC:\savaiah (1981) observed t'hat correlation 

of lactation milk yield with 22 week yield ranged from 0.79 to 

0.83. Koley et al. (1981) found that the genetic corr~lations of 

100 days and 200 days milk yield with 300 days milk yield and 

total lactation yield were ranging from 0.69 ~ 0.39 to 1.18 + 

0.44 .• 

Raheja (1982) reported that for Haryana cows genetic 

correlations between lactation yield and monthly yields after the 

first were all 0.90; in crossbreds the correlations tended to be 

highest for yield in the 3rd month, and decreased as lactation 

advanced for Brown Swiss x Haryana crossbreds r Jersey x Haryana 

and Holstein Friesian x Haryana crossbreds, respectively; genetic 

correlations between lactation yield 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 yields 

during· first 30, 60, 90, 120, 150 and 180 days of first lactation 

milk yield with 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 yi"eld 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, 84 and 112 days 

part lactations were highly significant (P < 0.01) and increased 

with addition of -subsequent monthly yield. 

-Singh and Tomar (1983) estimated that in the first lactation 

only, 90, 120 and 150 days milk yields were 

correlated with 300 day yield (0.76 + 0.25, 0.78 + 

~ 0.15, respectively). 

significantly 

0.23 and 0.85 

Gurang and Taylor (1984) observed that all correlations were 

significant except for correlations of yield in first- month with 

yield 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 yields and first lactation yield 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 yields (Karan Fries, Jersey x 

Tharparkar and overall) were highly correlated with 305 days 

yield (Mehta and Bhatnagar, 1986). 
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Jain and Dhillon (1986) observed that the genetic 

correlations between monthly yields and 300 days yield were 0.96 

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 yield increased from 0.76 for yields in 31 to 60 

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 yields. Murthy et al. (1986) reported that estimates 

of correlation coefficient of peak yield, first, second and third 

60 days yield 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 selection 

programmes aiming to improve 300 days yield in Surti buffaloes. 

stipic (1986) reported that correlation of milk yield for 

200 days 

of milk 

0.46 to 

with that for 300 days ranged from 0.74 to 0.84 and that 

yield for 100 days with that for 300 d~ys ranged from 

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 ~n 2nd, 3rd, 

4th and 5th months of lactation. So 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 

lOth month and yields 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 0.06, 0.16, 0.17, 0.20, 0.31, 0.50, 0.72 and 

0.91, respectively. Pandey (1988) reported that the genetic and 

phenotypic correlations between monthly milk yields were high and 
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significant for" the first 5 months; values ranged from 0.91 + 

0.08 to 1.07 ~ 0.06 for genetic .correlations, and 0.44 + 0.03 to 

0.84 + 0.92 for phenotypic correlations. Singh et ale (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 yield for 

first 121 to 150 days of lactation showed the highest correlation 

with hoth 270 and 300 days lactation yields (r = 0.982 and 1.178 

respectively). Part yields for first 61 tQ 90 days and 91 to 120 

days were also quite closely correlated with 270 day lactation 

yields. Further, first 31 to 60 days and 61 to 90 days' yields 

were" quite closely correlated with 300'days lact"ation yield. It 

was concluded that ·the 61 to 90 day part lactation y"ields which 

has a relative efficiency only sli9htly lower than the 121 to 150 

day yield, can be used for selection of animals for total 

lactation yield with a reasonable degree of accuracy. Cumulative 

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. After cumulative 90 days milk yield 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 that 

middle months are perhaps more highly 'correlated genetically 

amongst themselves. The phenotypic correlations of part 

lactation milk yield with 300 days yield and among different part 

yields showed similar trend like that of genetic correlations in 

Sahiwal cattle. 
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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 might underestimate total production of low 

producing cows and overestimated total production of 

producing cows. 

high 

VanVleck and Henderson (1961a) were of the opinion that 

while constructing ratio ractors 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. VanVleck and Henderson (1961c) developed regression 

factors in Holsteins for extending part lactation milk records by 

a within-herd" analysis of age at first -c~alvin9 and season of 

.calving corrected 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 yield of 

first lactation. The linear function of first seven month 

records gave even more accurate predictions a 

Dutt et al. (1965) predicted first lactation yield in Murrah 

buffaloes from 1.5, 75 and 135 days yield. Prediction equations 

for determining total lactation yield from part lactations were 

as follows: 
y = 1284 + 7.63 Xl 

Y = 174 + 2.54 X2 

Y = -142 + 1.68 X3 

where, Y = predicted complete lactation milk yield, Xl, X2 and X3 

were milk yields for 15, 75 and 135 days of lactation. 

Iqbaluddin et a1. (1970) studied monthly and cumulative 

yields of Murrah buffaloes and reported that the prediction of 

total first lactation yield (Y) based on first monthly yield 

(Xl)# first 3-rnonths yield (X2), first 5-months yield (X3) and 

age at -first calving -{X4) was: 
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Y = 1826.02 + 12.53 Xl + (-4.481 X2 + 7.23 X3 + 21.27 X4 

Khan and Ahmed (1972) reported on the basis of study of 

Sahiwal cows that correlation values between 1st, 2nd, 3rd, 

and 5th monthly yield with 30S-days milk yield were 0.81, 

212 

4th 

0.90, 

O.9~ 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 

predicting 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 variance, 

whereas "regression methods we're 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 as multiple regression. 

Gokhale (1974) stu.died the reliabil ity of part lactations in 

estimating the total first lactation yield which revealed that 

amongst single monthly yields, 5th month's production showed the 

highest R2 value (66.96%) followed closely by 6th month and 9th 

month production. 

yield was: 

The prediction equation based on 5-month ' s 

Y = 437.09 + 7.74 X 

where, Y = estimated first lactation milk yield, X 

month's milk yield 

fifth 

For earlier evaluation. 4th and 6th monthly combinations 

could conveniently be recommended to predict the total 'yield with 
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a fair degree of accuracy (R 2 = 73.57%). The regression equation 

arrived at was: 

Y = 222.57 + 4.10 Xl + 4.692 X2 

where, Xl and X2 are the ·4th and 6th monthly milk yields, 

respectively. 

Abdel-Aziz et al. (1975) studied 2,832 lactation records of 

Egyptian buffaloes which were corrected for effects of farm, 

parity and season of calving and a least square analysis was used 
'-, 

to calculate simple regression factors based on single month and 

cumUlative monthly yields. Best single months for predicting 12 

month yields were seventh and eighth with coefficients of 

determination of 0.36 and 0.38, respectively_ Coefficient of 

determination for cumulative monthly records were 0.72 for second 

and 0.92 for seventh month. 

Dommerholt (1976) found extrapolation of future yield, from 

yielq at the last test, to be more accurate than linear 

regression of lactation milk yield on part lactation yield in 

Dutch Black Pied cows. 

Rao (1977) reported that estimates of yields from lactation 

curve parameters obtained from weekly yield were less accurate 

compared to the yields estimated from weekly yields using 

s'ystematic sampling method. 

Reddy (1977) derived the prediction equations for 305 days 

yield from 90, 180, 270 and 305 days yields, using three methods 

of prediction (viz., ratio factor method, regression method and 

modified regression method). The regression method was found to 

be the best, followed immediately by modified regression method, 

both 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 modified 

regression methods. The average error in prediction by the three 

methods was almost zero. When absolute error and ~tandard 
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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; errors in estimates 

decreased with the increase in length of part lactation. 

Chillar et al. (1980) fitted various regresslon coefficients 

of lactation yield on different part records, which were used to 

develop prediction equations. The earliest accurate prediction 

was from the 150 days record for which the correlations with '- , 

lactation yield 

0.76 to 0.89 in 

were ranging between 0.82 to 0.93 

Half-Friesian and 0.79 to 0.90 in 

in Haryana, 

seventy five 

per, cent Friesian. 

Pilla et al. (1981) used the following equation to predict 
" ' 305 days milk yield (Y305): Y305 = Yx + Yr, where .Yx is the known 

Yiel~ to day X of lactation and ~r 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 

value for the group 

other methods of 

of which cow was a member). 

the corresponding 

They used three 

estimation: multiple regression, the 

the correlation 

ratio 

methpd based on cumu'lative yield and between 

estimated and actual yields. The correlations for the new method 

were higher than those for other methods. 

Sai.ganokar et al. (1981) reported in Sahiwal cattle 

Significant correlation was found for total lactation yield 

weeks) with yield at 4, 8, 12 and 16 weeks and peak yield. 

found that efficiency of predicting 52 weeks milk yield from 

and 16 weeks record was 76 per cent, whereas it was less than 

per cent when peak yield ,records were used. 

that 

(52 

They 
12 

50 

Nagarcenkar and Basavaiah (1981) predicted 300 

yield from part yields by inverse polynomial, gamma 

ratio and regression methods. The result for 

days milk 

function, 

ratio and 

regresslon methods for 22 weeks yield were considered useful in 

that correlations with actual 3GO day yiela were ranglng from 
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0.79 to 0.83 and proportion of additional daughters required 

(1.35) was close to the minimal va'lues. 

Pat,hak et al. (1982) found the positive and significant 

correlation (r = 0.726) between 100 days milk product'ion and 300 

days yield. A linear regression of first lOO-days production on 

300 days production was fitted to predict: 300 days milk yie)d 

from part yield (100 days yield) . record. The prediction equation 

was Yl = 249.59 + 2.035 X2t where Yi is the predicted or expected 

cumulative average milk yield for 300 days of ith cow and Xi is 

the first 100 days production of the same cow. 

Tahir et a1. (1983) found the best prediction regre'ssion 

equation on the basis of fourth month part lactation yield. 

p,rediction equation was Y = 126 ..:: 2.123 X4, where X4 is the 

part lactation yield; this equation had the reliability of 

The 

4th 

72.42 

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 produced, whereas 44.17 per 

cent of total milk production occurs during first 112 days. 

Sharma et al. (1983) reported that highest magnitude of 

correlation with milk yield was observed for first four month 

production. The records of fourth month may, therefore, be 

utilized for selecting cows. 

Parmar 

record of 90 

180 and 270 

et al. (1984) reported about the part lactation 

days, 91 to 180, 181 to 2io and cumulative yield for 

days of first lactation in Tharparkar cows. The 

maximum part yield was obtained at 91 to 180 days which shows 

that these animals reached peak pr-oduction during this period. 

The prediction equation 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 

problems inherent in extending incomplJ~te lacta_tions 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 cumul"ative part lactation 

yield and last test d~y yield of Holstein Friesian. Ayrshire, 

Guernesey and Jersey cows. They reported that the multiplicative 

and regression methods overestimated 305 day yields whereas the 

non-linear method underestimated the milk yield. The non-linear 

method was more accurate than the other methods in extending milk 

'yield records from mid lactation but bias and standard errors of 

prediction increased as lactation 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 
. 2 

and over (R = 0.92 to 0.99). Multiple regressio~ was applied, 

using cumulative yields, with R2 of 0.91 for multiple regression 

on yields 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 equation constructed and thus recommended 

was of the form Y = 114.88 + 2.93 X3 + 1.84 X4 in Surti 

buffaloes. 

Jain and Dhillon (1986) studied the usefulness of part 

lactation milk yield records for progeny testing of buffalo bulls 

by using first lactation -records * 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 equatioRS 

for estimating 305 days :yield of current lactation using single 

monthly, monthly cumulative, sequenti~l monthly and three monthly 
'-. 

sequential yields with 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 were only a little less 

accurate than the sequential monthly equations. For ·pr~dicting 

total yields, the third, fourth, fifth and sixth month were best. 

Khanna and Balainc (1989) simulated lactation milk yield 

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-l 

was defined as yields on test days, during a la.ctation, were 

summed up· and then divided by number of .test days to represent. 

average one day yield ove'r 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-l, 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 to date dried and length of intervening 

test periods. Simulation method-l was heavily biased, with 

larger variations in starting date (i.e. the day of first test). 

Simulation method-2 was clearly superior to method-l, but the 

latter was generally suitable. Simulation method-3, involving 

adjustment for th-e· 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 peak yield, cumulative 

yield and lactation length with greater than 89 per cent 

accuracy. 

Bhutta and Pandey (1989) 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 of the 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 respectively) 

thAn for yi~lds in ~arlier periods (O.14 to 0.78). 

Roy and Katpatal (1989) used the regression method for 

predicting 300 day milk yield from cumulative monthly milk 

records. Among the single monthly milk yields used for 

predicting 300 day yield, the highest R2 value (74%) was obtained 

for the 4th month followed by 5th (72%) and the 3rd (71%) months. 

The correlation of these three monthly records with 300 days milk 

yield were 0.8'6, 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 yield (R2 = 83%) followed by the first four 

months yield (R2 = 78%). The results "indicated that the 4th or 

5th monthly or 

predicting 300 

cumulative monthly 

days milk yield. 

records were the 

Among various 

best for 

multiple 

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. 

Ratoch et al. (1990) reported that the relative efficiency 

of selection based on fourth month production, first 120 days and 

150 days milk yield as compared to first lactation milk yield was 
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high. The maximum correlated response was obtained for first 

lactation milk yield as a result of direct selection based on 

fourth month part or first 120 days and 150 days milk yield of 

first lactation. 

Sushi! Kum'ar {1990 I concluded that ratio factor method 

generally gave overestimates whereas regression method gave 

underestimates of lactation yield. Cumulative 150 days and above 

yields gave the perce~!~ge 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 adequate for predicting 300 days milk yield. 

2.4 FACTORS AFFECTING PART LACTATION AND ESTIMATED TOTAL 

LACTATION MILK YIELD UNDER VARIOUS SAMPLING SCHEMES 

Gokhale (1974) found in-Murrah buffaloes that farm and 

period effects were highly significant in all monthly and 

cumulative monthly yields. The season effect was significant in 

case of third and fourth month of yield and 270 days yield. The 

age effect was significant i~ case of first and second monthly 

yields and cumulative_monthly yield upto seven months. 

Winnicki et ai. (1974) estimated effects of months on 

different stages of lactation like first, second and third 100 

days of production and fo~nd 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 first calving had no 

significant effect on these traits. 

Kumar et al. (1978) found the effects of farm, lactation 

order, year, 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 yields 

to be significant in Indian buffaloes. 

Singh et aJ. (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 708 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. periods and 

farm x period interactions were highly 

monthly milk yields and 100 and 200 

significant for cumulative 

days yields when least 

squares analysis. was conducted in buffaloes. Effect of season 

was not·signific~nt 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 yields, 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 yield. 

Nagarcenkar and Rao (1983) revealed that management level 

had significant influence on the lactation milk yield while the 

effec.t 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 

records of Sahiwal cattle. They found 

study on 

that the 

monthly 

monthly 

milk 

milk 

yield averages tended to be highest in cows calving in the ra1ny 

season. Season of calving sig,nificantly affected milk yields 

during months 6, 7 and 10 (P < 0.011 and during months 4, 5 "a"nd 9 
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iP < 0.05). Rayalu et al. (1984) reported that year had a 

significant effect on all part lactation and 300 day yields in 

Friesian crossbred. 

Chacko et 81. (1984) found that the effects of AI centre, 

type of darn and sex of calf under the existing management 

practice contributed maximum to total variation. Other ,effect.s 

which significantly affected milk yield were year of calving, age 

of cow and sire. The effect of month of calving was found to be 

not significant in mil.k production of crossbred cattle. 

Garcha and Dev (1985) reported that among the variolls non­

genetic factors studied by them only AI centre and the type of 

farmer (I"and owners versus landless) contributed significantly to 

variation in lactation yield of progeny (9.29· and 1.64%) ; the 

effects of year and month of calv.ing were non-significant in the 

field condi·tions. 

Murthy et al. (1985) found that the significant variation 

due to period was observed on all the attributes of lactation 

yield studied except in the peak yield and second 60 days yield • 

. Similarly, significant s;easonal effects were observed on all the 

traits studied except the second 60 days yield in Surti 

buffaloes. For 

calved during 

the 300 days cumulative yield, .buffaloes 

the third season had signifir.antly higher 

that 

yield 

than buffaloes that calved during March-October season. 

Rao and Sharma 

Murrah buffaloes 

(1985) analysed weekly milk yield records of 

by least squares. The milk yield was 

significantly affected by period of calving (three periods of 

three years each) in week 

and by season of calving 

week 24, 32. 37, 38. 40 

11-21, 30-32, 34 

(summer, winter 

and 42. It was 

and 36 of 

and rainy 

concluded 

lactation 

season) in 

that the 

effects of period and season of calving vary 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, 

year 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 period of calving was 

significant for all the weekly yields indicating that the milk 

yield was sensitive to. changes due to managemental and feeding 

conditions over periods. Season of calving influenced 

cantly the~production during all weeks except for the 

weeks of lactation. 

6i9nifi­

last few 

Singb and Yadav (1987) observed that the effects due ·to 

farm, period, .season and age at first calving were 000-

si-gnificant, but weight at first calving had significant· effect, 

on all part and lactation milk yields. Period showed the maximum 

effect in 

buffaloes. 

negative direction for 90 days yield in Nili-Ravi 

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 various parent­

offspr,ing 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 si~e selection depends on 

the accuracy of selection, selection intensity. genetic 

variability of the trait considered and generation interval. 
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Evaluation 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 them 

back into their own herds. if found superi~r as 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. Lush (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 remain sampling errors intrinsic in the Mendelian 

nature of inh'eritance. 

After World War III 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 1 s average index (I =:; D) to 

evaluate breeding value of sires within a herd. The index is 

simplest to compute but theoretically appropriat"e 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 under 

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 equal 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 sirea This index is also 

referred to as the Mount Hope Index after the name of a farm in 

Williamstown, Massachusetts r USA where it was first used. This 

index is based on the principle that the two pa~ents contribute 

equally to the genetic make-up of the progeny. 

2.5.2 CONTEMPORARY COMPARISON METHOD 

The contemporary cQ~parison 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 inse~ination. 

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 records that could be compared to those of 

contemporaries, the average yield of the daughters -Cy) and the 

contemporaries (AY) were calculated <;lnd the difference between 

the two averages weighted for the number of heifers in the 

groups. The weighting factor (W) was the harmonic mean 

nt n2J'n l + n2 of the number of daughters (n1) and the number of 

contemporaries (02) in the herd. The weighted differences were 

added and the sum was divided by the sum of weights to obtain 

contemporary comparison (CC): 

-Eli (Y - AY) 

cc = -------------
Eli 

h n1i n2i 

where, EW = Effective number of daughters = -z. ------------
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 

The 

as S = 2b 

where the 

a whole, 

0.25 h 2 EW 

b = ----------------------
1 + (EW - U 0.25 h 2 

estimate of breeding value of the bull(sl 

( eel + A in relation to all first" calvers 

test was magg:. For a comparison with the 

0.2 (1\ - PI was added where P = the breed 

was obtained 

(AI in herds 

population as 

average for 

the first calvers assuming that the heritability of the inter­

herd variation was 0.2 

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

was e~pressed as: 

2b (eel "+ 0.2 (ii - PI + p x 100 

RBV 
p 

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

contemporary method of progeny testing were: 

( a I 

bull 

The age correlatio~s were avoided since the daughters of the 

and their contemporary, on an average, start their first 

lactation at same time~ 

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

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

However, this method had the disadvantage that in small 

herds 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 Rende! (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. Harvey (1966) gave practical 

application of the least square analysis of data with unequal 

subclass numbers. 

In India, 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 Krishi Vishwa Vidyalaya 

(JNKVV), Jabalpur, it has been mentioned that the progeny testing 

data should be evalu~ted 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 

error 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 -undesirable properties for evaluation of progeny 

testing data. In this method I the sires solutions are obtained 

assumlng as if the sire effect is fixed. If this assumption is 

true then the basic aim of progeny testing will be at risk 

because we would not be able to predict the performance of future 

daughters of a sire on the basis of the performance at the 

presently ava-ilable daughters at ·any point of time. To predict 

the performance of futUre progeny of a Slre 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 LINEAR DNBIASED PREDICTION (BLUP) 

The herd-mate method of sire evaluation was implemented. in 

USA i.n 1954. The herd mat_€ 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 

evaluation was developed at the Cornell University, USA taking 

care of the lacuna 10 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 insemiilation 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 useful and 

important properties of the BLOP method are that (1) it maximizes. 

the correlation between the predictor and the predictant and (2) 

under normality the expectation o£ the predictor is equal to the 

expecation of the predictant. 

Harvey (1979) showed that the BLUP was only one to seven per 

cent more accurate than the Simplified Regressed Least Square 

(SRLS) • However t the assumptions made fo~ the .SRLS method are 

contradictory because sires are first assumed to be fixed for 

estimating sire effects 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 

valid 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 squares 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 sire 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 withou~ records of their dams. They 

reported that relative efficiency of contemporary comparison 

method was better than daughter's average method. 

Rao (1979) studied the rank correlation between sire 

evaluation methods like daughters average, contemporary 
comparison and least squares method. He reported that the rank 

correlation between daughter's average and least squares method 

were ~igher (0.91) as compared to that between contemporary 

comparison and daughter's average (0.77'). He further reported 

that the rank correlation between contemporary comparison and 

least squares method was 0.75. 

Gurnani and Nagarcenkar (1982) compared Henderson best 

linear unbiased prediction (BLUP) method with contemporary 

comparison method of Robertson for estimating breeding values of 

26 Tharparkar sires each having a record of at least 10 

daughters. The simple and rank correlation between the breeding 

values obtained by two methods were 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 e They recommended that RO,bertson' 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 Bagger (19B3) compared four models incorporating 

vectors for some or all of herd-year-season (h), sire group (9), 

sires (u) and residuals (e). The models were: 



BLUP 1 - Y = Xl h + X2 9 + Zu + e 

BLUP 2 - Y = Xl h + Zu + e 
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contempor~ry comparison (eC) - model and assumptions as for ?LUP-

2; least squares: Y = Xl E + Zu + e. The u and e vectors were 

random for BLUP-I, BLUP-2 and ee, and e was random for least 

squares. The Xl an4 X2 are design matrices corresponding to 

fixed effects and Z is design matrix corresponding to random 

effects. The four models were tested for six 'distribution classes 

of daughters over herds: (1) only on a herd <a very large testing 

station) I (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 son~e bulls 

used mainly in top herds. Correlations between true. and 

estimated breeding values and the square root of the correlation 

between rep~at estimates are given. Where there were no genetic 

differEnces between sire groups, all procedures except BLUP-l 

were equivalent; the latter being slightly inferior. For small 

genetic differences bet\-"een groups and an unbalanced daughter 

distribution, BLVP-l was best. For moderate and· large genetic 

differences between sire groups, BLUP-l 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-l than for ce. 

Hagger and Dempfle (1983) estimated breeding values of Brown 

Swiss and American Brown Swiss (ABS) x Swiss Brown (SB) bulls for 

first lactation milk yield by two variants of BLUP, by 

contemporary comparisons and by least squares. The bulls wer~ 

grouped according to year of birth and percentage of ABS 

inheri tance. For the four estimation rnetlrods. the square root of 

the correlation between estimates, calculated overall groups, was 

0.913, 0.694, 0.869 and 0.674 respectively. Corresponding 

figures on a within g~o~p basis.~~re 0.863, 0.863, 0.655 and 

0.843. The correlation between repeat estimates for bulls with 
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similar numbers ~f 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 monthly 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. + A.M.), and 

twice daily milk recordings over two consecutive days (A.M. 

P.M. and P.M. - A.M.'. In 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 ~.M. ~.M. 

samp_ling with adjustment for unequal milking intervals were the 

most reliable for evaluating breeding animals. The adjustme·nts 

for lel!gth of first test period improved the ac.curacy of 

recording but adjustment for both first and last test periods 

were not superior to adjustment for first test period only. 

Cordovi et ai. (1984) compared the breeding value of milk 

yield of 20 Holstein-Friesian bulls by means 

comparison, (2) least squares analysis, 

relationships among bulls, and (4) BLUP 

of (1) contemporary 

(3) BLUP ignoring 

taking relationships 

among bulls into account, There were only slight differences in 

the ranking of the _bulls using the four methods with correlations 

of 0.95 to 0.99 between them. The greatest differences between 

methods were between the contemporary comparison and other three 

methods. 

Suzuki and Mitsumoto (1986) examined three models: the sire 

model using only first lactation records (SF model), the sire 

model utilising first to fifth lactations <SA modell and the 

model which incorporates sires and maternal-grand-sire (MGS 

model). Since an additive relationship was assumed among bulls l 

the proofs of the SF model were partitioned into 

yield and average adjustment for herd-year~ 

daughter average 

The SA model 

included those-o-f cow and par:ity effects. The MGS model included 



49 

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 cor~elation 

between the difference and the time of birth of sire. The 

evaluations by SF and MGS models with 100 daughters were 

significantly correlated 10.99) for milk and fat yield. 
highly 

It was 
concluded that imported bulls had been preferentially used 

regardless of their production ability. 

Preisinger et ale (1986) estimated breeding values and 

variance components with models that represented herd-year-season 

effects in different ways. When a herd-year-season was ~eplaced 

by herd-class-year-~eason, where herd class represented different 

milk yield or milk fat yield groups, estimates were biased 

because certain fixed' effects were ignored. Alsor estimates of 

additive variance were reduced. It was !=mly 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. 

sires evaluated using 5 sire "indices, only one had 

value more than 20 per cent above the herd average. 

Out of 12 

a' breeding 

The rank 

correlation between sires by different methods were highly 

significant (P < 0.01). The five indices were: 

II D 

2n 
12 = 1\ + -------- !D - CD) 

n • 12 

1 
13 = l\ + h 2 

Q 10 - A) 

2 

1 

I4 - A + h
2 

Q !D - CD) 
2 

IS - l\ + ID - CO) 



where, 1\ 

n 

D 

-CD 

Q 

= 

= 

= 

the herd average 

number of the daughters of the sire 

average first lactation yield by daughters of the 

sire to be evaluated 

average of contemporary daughter of other bulls 

n 
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Chauhan (1987) compared three models of s~re evaluation 

using different environmental groupings. In model-I, the effect 

of herd-period-season was fixed; in.model-2, the herd-period was 

fixed and herd-period-sea.son was random; in model-3. herd was 

fixed and herd-period and herd-period-season were random. The 

overall effects of pe~iod and seaso~ of calving were regarded as 

fixed. and were removed by pre~correction. Compared with model­

l, models-~ 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 

subclass"es with all or almost all records of the same sire. 

contributed little 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 ~n. 

the basis of first lactation milk yield of their daughters. Each 



bull had at least 15 daughters r and the average number of 

daughters per bull was 106. The evaluations were carried out 

using BLUP with and without taking into consideration genetic 

relationships among sires and with and without sire groupsr 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 . ...c.omparison method by 4.5 to 6,5 per cent 

when contemporary 

genetic differences 

comparison estimates were not corrected for 

among herds and breed groups of bulls and 1.9 

to 3.8 per cent when corrections were. carried out. 

Lee et a1. (1988) estimated sire's breeding value by mixed 

model procedures.. They analysed the data on milk yield of 618 

Holstein 6f~spring of 24 sires by BLUP procedures with models 

that included group effects (model-i) 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 (PO +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 

errors as random variables. An 
relationship matirx, computed by 

effects of cows and residual 

inverse of the numerator 

ignoring 

between 

solutions 

females 

with 

across herds, .was used to 

the relationships 

obtain the BLUP 

the animal model. In this model, calculations 

were performed with successive absorption of non-additive genetic 

plus permanent environmental effects, herd-year effects and cow's 

additive genetic effects. Correlations between the estimated 

breeding values of sires by simultaneous evaluation with those 

from the official evaluation were 0.795 for· milk yield 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 between 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, respectively. 

-, 
Parekh and Singh (1969) 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 squares, BLUP, simplified 

regressed least squares and least squares estimates adjusted for 

herd means of the sire and progeny. The rank correlations of 

breeding values of the sires estimated by the different methods 

were greather than 0.94. 

Jovanovac (1989) reported that the correlation between 

breedin9 

was 0.77 

values determined by BLUP and contemporary compari$on 

for milk yield r 0.69 for fat yield and 0.88 for fat 

percentage. 

Lee et. al. (1989) estimated the breeding values of 43 

Holstein bulls from 1129 records using 6LUP procedures. 

values ranged from -529.4 to 4459.0 kg and estimates 

effects from 815.4 to 6240.0 k9. 

Breeding 

of herd 

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 same 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 

embryo transfer schemes (caused by genet-ic "changes -in the cow 
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population); such bias could be removed by pre-correcting 

phenotypic values. For populations with small herds, the 
ac~uracy of single trait, multi-trait and repeatability BLOP 
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 Bhatna~~r (1989) evaluated sires of Karan Swiss 
cattle at NDR!, Karnal using 12 indices for estimating breeding 

values for milk yield. 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 = A + n (O-CO)/(n+12), where A = herd average milk yield, 0 

daughter average, CD ~ average of Gontemporaries and n = number 

of daughter-dam pairs. 

Ram and Ya~av (1990) estimated the breeding values of Murrah 

buffalQe sires at Haryana Agricultural University, Hisar by BLUP 

procedure. The breeding values ranged from -201.3 to 263.8 kg 

for milk yield, -141 to 226.4 kg for yield upto peak lactation 

and -0.-073 .to 0.082 kg for peak yield. The corresponding 

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: (I) the herd-mate 

comparison method, (2) an index corrected for aUXilIary traits 

(duration of lactation, dry period or calving interval in the 1st 

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 of 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 squares methods. 
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Anacker and Diett (1990) reported the advantages of BLUP 

over the contemporary comparison method for the prediction of 

breeding value of dairy bulls. Ba"sed 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 
coJt4!,emparisons. 

2.7 PART LACTATION YIELD AND SIRE EVALUATION 

Observing the high positive correlation of 0.817 between 

milk yield during the first 90 days, and that .of whole lactation 

in Piedment cows, Daspat (1954) expressed the view that 90 days 

yield would be preferable for progeny testing bulls .considering 

time, money and other factors. 

Q'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 300 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 (1961a) presented a three-stage 

programme for evalua.ting sires used in artificial insemination. 

The first stage c·onsisted of acceptance or rejection of sires 

based on the part lactation which was 5 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 rate of 

genetic progress would be increased by 11 per cent. This would 

allow 10 per cent more bulls to be tested. Returning 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 

these results, the 

that ranking 

ranking of 

was consistent. 

two bulls was 

Compared 

reversed 

with 

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) reported 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 yield 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 years of age and three out of 

every four bulls wa.s being sold after the test. The procedures 

of estimating the cumulative differences was to compare all sires 

to an initial genetic level. Lapushkova (1971) found 

correlation in the progeny groups between 305 days yield and 

and 200 days yields and found ranking of bu~ls to be similar. 

high 

150 

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. 



56 

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 yield 

ranged from 0.06 (based on 6 weeks yield) to 0.89 (26 weeks), 

-0.03 (14 weeks) to 0 •. 94 (38 we_eks) i the proportional increase in 

number of daughters required to maintain accuracy of sire 

evaluation, 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 method for 22 weeks 

yield were considered useful. It 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 period was increased. This is also in 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 w~thin generations and 23 per cent higher 

merit across generations. 
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Tandon and Harvey (1984) studied' first lactation data on 

15,342 daughters 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 estimate's 

using 150 day yields of 18 daughters if relationships among 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 yield 

for selecting buffalo bulls through .progeny testing. 

accuracy of the monthly and cumulative monthly milk yields 

ranking the buffalo bulls as compared to their ranking on 

basis of f.irst lactation milk yield of their daughters 

The 

in 
the 

were 

measured as Spearman's rank correlation coefficient using the 

means for the sire progeny groups.. The rank 

monthly milk yield~ for the first seven months of 

0.657, 0.670, 0.756, 0.899, 0.899, 0.889 and 0.809 

least squares 

correlation for 

lactation were 

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 observed to be common to those selected on the basis 

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 tneir performance which 

was: 
2 --4 - h 

where, h 2 is heritability. If h 2 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 r~tio of the number of individuals which could be 

measured at each generation to the number of sires that were to 

be selected. K = NIS, where N was the total progeny measured, S 

was the number of sires selected. If n was the number of 

offspring per sire~ n = Kp, where p was the proportion of sires 

selected. Wearden (1959) further modified Robertson's formula in 

determining adequate numbe'r of progeny per sire on a genetic 

experiment involving half sibs in various situations depending 

upon the heritability of the trait to reveal genetic differences 

between sires. 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 required at heritability of 0.4 to detect 

differences between sires at 5 per cent level of significance. 

Searle (1961b) using genetic correlation of part and 

complete 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 yield would be 40, 60 and 80. 

VanVleck and Henderson (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 ~7, 44, 65, 92 
and 476, .respectively. 

Ivanenko (1969) compared sire summaries for milk yield 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 rankiog 
compared to all daughters. 

Nazarenko (1970 )·-analysed data on Red Stepple and 

Sirnmental daughters. Correlations were calculated 
performance of all daughters with that of first 5, 10, 
25, 30, 40 and 50 daughters. For milk yield, 15 to 20 
per sire. were recommended. 

Russian 
on the 
15, 20, 

daughters 

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

Moller (1976) considered progeny tests with less than 20 
daughters of little value and lncreasing 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 compute~ 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 
place of 

(1979) reported that the progeny group size needed in 
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 yield, the corresponding daughter records needed were 11, 
13, 17, 19, 23, 26 and 31. 
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3. MATERIALS AND METHODS 

3.1 SODRCE OF DATA 

The data used in the present study were collected from the 

history sheets and daily milk record registers of Karan Swiss and 

Karan Fries breeps of cattle maintained at National Dairy 

Res-earch Institute (NORI). Karnal located in northern india. The 

data comprised of 2,96,496 daily records of 10,44 cows in first 

lactation milk yield of Karan Swiss breed spre-ad over a period of 

17 years (from 1970 to 19B7) and 2,38,810 daily records of 835 

cows in first lactation milk yield of Karan Fries breed spread 

over a period of 15 years (from 1974 to 1988). 

The fortnightly, monthly and bimonthly systemac~c and 

stratified random test day milk yields and part yields were 

generated for each cow using daily milk records. The cunul"ative 

part yield during first 30, 60, 90 days and so on at 30 days 

interval till 300 days were also 9~nerated for each cow us~ng 

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 of 

Haryana ~s 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 wiiite"r cyclonic rainfall varies from 8 to 

14 mrn per day_ 
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Temperatures vary greatly in this area during the rear. May 

and June are hottest months and January and February are the 

coldest. Mean temperature more than 20°C prevails during 8 to 10 

months of the year. During May and June, maximum t~~perature 

rises above 40°C and hot dry winds are common feature. In 

January, normal mean minimum temperature is 6 to SoC. frost fer 

one/two days may also occur during winter months (Ghosh, 1991). 

The farm is 250 metres above sea level at 290 43'N latitude 

and 70o S9'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 requirements 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 hand-fed to 

the calves. The calves are given mixture of Whole and separated 

milk upto four nonths of age and separated milk upto s:~ months 

of age only. Concentrates, minerals and roughages a~e made 

available to the calves from one month of age and fed according 

to body weights as per nutritional standards. During lc~er age, 

feeding schedules/standards were laid down according to age 

group, considering the requirements for maintenance, 9r~wth and 

production. For adult cows, green fodders and other roughages 

are provided ad libitum. A 'let-down' ration of O.j kg of 

concentrate is provided at the time of milking and additional 

concentrate is 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 six months. 
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Table 3. Average I1'Onthly values of weather nOl1TIS (1971-1982) 

sl. fbnth Temperature Relative humidity Sun shine Wind 
No InC) 1%) day Ih) velocity 

Max. Min. I II (kah) 

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. flarch 26.9 12.0 82 35 8.9 6.5 

4. April 35.3 17.8 61 20 10.5 7.1 

5. May 39.1 23.0 46 18 10.7 8.~ 

6. June 37.8 24.5 M 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 4.6 

10. c.ctober 31.9 16.9 87 42 9.6 3.5 

11. November 27.1 11.2 88 39 8.8 3.~ 

12. December 21.7 6.7 91 38 B.O 4.~ 

SOurce A cli.m3.te of Kamal by Singh (1981). Division of Engineering, 
CSSRI, Kamal, rCAR Bulletin No. B 
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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. 

3.3.3 MILKING 

The milk recordin~ of 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 qrossbreds of different generations of mating and level 

of exotic inheri~nce and evolve a strain of crossbred cattle 

suited to tropical cliQatic 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 matcned with that of Sahiwal and Red Sindhi. The 

project started In 1963 by inporting frozen semen of nine bulls 

with progeny test averaging 5,JOO kg (ranging from 5,045 to 6,543 

kg). The aim \-I-as 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 F1 

crossbreds were the best followed by 3/4 breds, halfbreds 

-'(miscellaneous crosses like F1 x F2. F2 x F1 etc. ) and F2 were ,-

the poorest. The Fl crossbreds had the lowest age at first 



FIG. 1 KARAN SWISS CATTLE 
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calving of 30.8 months, first la~tation production (305 days or 

less) of 2,933 kg and first calving interval of 421 days, the 

average of all lactation production (305 days or "less) was 3,351 

kg with average lactation length of 322 daIs 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 perforraance Im.,;er than FI and 

3/4-breds but all crossbred groups were better than indigenous 

breed groups. There was no significant evidence of non-additive , 
genetic effects (heterosis) with respect to growth, milk 

production, age ab maturity and reproduction efficiency.' 

Therefo're, in April 1980, the Breeding Committee of the Instit'ute 

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 ~ales selected on the 

basis of their pedigree perfornance. 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 were below 50 per cent of 

.exotic inheritance and 2.8 per cent cows .... ·hose fil ial group was 

not known. Presently, nost of the Karan S",·iss cows are expected 

to have exotic inheritance level around 50 per cent (Gurnani eL 

al., 1986). The current breeding prograQDe is to bring about 

improvement by selection 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 Karan Fries cattle 

For the purpose of eliciting information for the appropriate 
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choice of exotic breed and optimum level of exotic inheritance, 

the NDRI initiated a crossbreeding project in 1971. The 

Tharparkar (T) cows were mated with Holstein Friesian CH), Brown 

Swiss (B) and Jersey CJ) to produce_ halfbreds (HT, BT and JT). 

It was found that first generation HT crosses were the best. 

The first generation HT crosses had average age at first 

calving of 28.2 months with first lactation yield of· 3,471 kg ~n 

305 days or less and·~ll lactation average yield of 3,75~ kg in 

305 days or less. The first generation JT crosses hai lowest 

performance. 

These halfbreds were further nated to Holstein Friesian to 

obtain crossbreds with 75 per cent exotic inheritance c::nsisting 

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)a It was found that 75 'per cent 

crossbreds were not showing any significant improvement ::lVer the 

first generation HT crossesa The average age at first calving 

among 75 per cent crossbreds ranged from 33.70 to 35.50 months. 

the aver,age first lactation 305 days or less milk yielj ranged 

from 2,373 to 3,925 kg. The HS (Holstein x· Sahiwal) c:-ossbreds 

at Indian Agricultural Research Institute. New Del~i were 

transferred to NOR! in 1976. The comparison of perforrn~~ce of 50 

per cent HS crossbreds· with 75 per cent HS crossbreds also 

indicated that there was no significant advantage c: having 

exotic level of 75 per cent. Since performance of vari~us two­

and three- breed crosses indicated no evidence of any r4nifesta-

tion of heterosis for growth f production 

performance, best possible improvement could 

expJoitation of additive genetic variance. 

and reF~oduction 

be obtained by 

The Breeding 

Committee of NDR!. 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. ApproximatelYf half of the Friesian crossbreds 

were having exotic inheritance level of 75 per cent Holstein 

Friesian and'the rest were having 75 per cent exotic inheritance 

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). The level of exotic inheritance was subsequently 

reduced to 62.5 per cent. For this purpose halfbred bulls of 

high breeding value from reputed organisations 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 e¥olved. The NDR! has embarked upon a 

programme of proper initial selection of Karan Fries males on the 

basis of their pedigree performance. appropriate growth and body 

conformation for the purpose of judging their suitability tOtvards 

fitness for production of good quality freezable semen. Semen of . , 
these bulls is being distributed to the d~fferent regions of the 

country for the purpose of their"evaluation on the basis of 

progeny performance in different" regions of country. This 

programme is expected to bring about consistent improvenent in 

crossbred cattle of the farmers in the country (Gurnanibet a1., 

1986) . 

3.4 COLLECTION ANO STANDARDIZATION OF DATA 

The available information for each aninal was recorded from 

individual cow history sheets and daily milk record registers ~n" 

following sequence: animal number, genetic group of aninal, date 

of birth, sire number, genetic group of sire, dam number, genetic 

group of dam r date of first calving, milk yield (305 day~ or 

less), total milk yield, date of drying and daily milk yield 

(from 6th to 300th day or less milk yield). 

A total of 85 Karan swiss bulls and 101 Karan Fries bulls 

were used ~n the present data. However, only 51 Karan Swiss 

bulls and 54 Karan Fries 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 

included in analysis. Lactation records shorter than 120 days 

were excluded from the study. 



67 

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 random 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 subsequent samples 'of test records were selected at exact 

interval of 15 days froo the preceding date of t~st record till 

300 days of lactation 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 a 2 Monthly. recording 

A systematic sampling scheme was applied by selecting first 

test record (one day Dilk .·yield l at random from first month and 

subsequent samples qf test 

intervals of 30 days freo the 

300 days of lactation or date 

3.5.1.3 Bimonthly recording 

records 

preceding 

of drying 

were selected at exact 

date of test records till 

whichever was earliera 

A systematic sampling sc~eme was applied by selecting first 

test record (one day milk yield) at random from first biconth (60 

days) and subsequent Eamples of test records were selected at 

exact intervals of 60 days from the preceding date of test 

records till 300 days of lactation or date of drying Jih_ichever 

was earlier. 



3.5.2 STRATIFIED RANDOM SAMPLING SCREME 

3.5.2.1 Fortnightly recording 

at 

The lactation period of 300 days 

fortnightly (15 days) intervals. 

was divided into 20 

Then independent 
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strata 

random 

samples of test records (one day milk yield) were drawn f:om each 

stratum during 1st. 2nd and so on upto 20th fortnightly strata or 

till date of drying wfiichever was earlier. Every test record 

from each stratum was selected as independent random s~ple by 

the method of generation of random numbers by power residue 

method (Grover, 1981). 

3.5.2.2 Monthly recording 

The lactation period of 300 days was divided into 10 strata 

at monthly (3D days) intervals. 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 or till 

date of drying whichever was earlier. Every test recc=d from 

each stratum was selected as independent random sample by the 

method of generation of randan numbers by power residue nethod. 

3a5a2.3 Bimonthly recording 

The lactation period of 300 days was divided into: strata 

at bimonthly (60 days) intervals. Then independent random 

samples of test records {one day milk yield) were drawn f=om each 

stratum during 1st two, 2nd two, 3rd two, 4th two and 5th two 

months of strata of lactation or till date of drying .hichever 

was earlier. Every test record from each stratum was selected as 

independent random sample by the method of generation of random 

numbers by power residue method. 

3.6 PART LACTATION RECORDS 

The part lactation milk yield was taken by addi~ion of 
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observed daily milk yield during each fortnight, month and 

bimonth up to 300 days lactation or till date of drying. In the 

same way, cumulative part milk yield was obtained by sumoing up 

the relevant part lactation yields. The following sets of part 

lactation and cumulative lactation milk yields were generated: 

1. Part lactation milk 

fortnight and so on upto 

yield 

20th 

during 1st 

fortnight. 

fortnight, 2nd 

2. Part lactation milk yield during first month, second month 

and so on till 10th month. 

3. Part lactation milk yield during 1st two-months, ~nd two-
, 

months, 3rd h.o-months 14th two-months and 5th two-r:;onths. 

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 ~ETHOD OF GENERATION OF RANDOM NVMBERS 

According to the Power Residue Method (Grover, 1981), random 

numbers are formed by recursive relationship: 

Mn+1 = kMn/mod p 

where, Mn' Mn+l are successive numbers, while k and pare 

integer constants. The above equation implies that Mn+l is the 

remainder obtained after multiplying Mn by k and dividing by mod 

p. "mod" implies nodulus. 

1, then 

= 
= 

= 

For 

3 x 

3 x 

3 x 

3 x 

instance, let p = 11, k = "3, .Mo = 

1/11 = 3 

3/ll = 9 

9/11 5 

5/11 = 4 

This sequence repeats after som~ ~umbers. Attempt .as made 

to make this repetition freq"uency minimum. This may be achieved 

by a suitable choice of k and p. The Computer Centre at this 
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Institute developed a computer programme to generate random 

numbers for fortnightly. monthly and bimonthly milk recording 

systems. 

3.8 GENERATION OF TRAITS FOR STUUY 

The first lactation records and daily milk yields "'-ere used 

to generate following traits for study: 

3.8.1 PRODUCTION TRAITS 

1. Observed fir~t lactation milk yi~ld 

(300 days or less) 

2. ,.~ge at first calving (days) 

3.8.2 SAMPLING SCHEMES 

3.8.2.1 Systematic sampling schemes 

- OMY· 

- AFC 

a) Predicted first lactation milk yield <300 days cr les.s} 

under fortnightly systematic sampling scheme,. 

b) P~edicted first lactation milk yield (300 days ~r less) 

under monthly syste~atic sampling scheme. 

c) Predicted first lactation milk yield (300 days::r less) 

under binonthly systematic sampling schene. 

3.8.2.2 Stratified random sampling 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 lessl 

under monthly stratified random ~ampling 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 part lactation milk yields from ls~ fortnight 

to 20th fortnight of the lactation. 

b) Monthly part lactation nilk yields from 1st -month to 

10th month of lactation. 

cl Bimonthly part lactation nilk yields from 1st jimonth to 

5th bimonth of the lactation. 

d) Cumulative lactation milk yields at 30 days interval 

upto 300 days of lactation. 

3.9 CLASSIFICATION OF DATA 

The data were classified according to breed", gene:-:'lC group 

of breed. season and period of calving. 

3.9.1 GENETIC GROOPS WITHIN BREED 

3.9.1.1 Karan Swiss breed 

All the an2mals available in this breed were clas5~fied into 

four genetic groups on the basis of filial generation and level 

of exotic inheritance. The four genetic groups were assigned 

their code as shown in Table 4. 
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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 

l. I CF1) 211 6 

2. II CF2) 81 7 

3. III ·C62.5 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 F1 

and F2) 

3.9.1.2 Karan Fries breed 

All the animals in this breed were classified into 5 genetic 

groups on the basis of their crosses of Holstein Friesian with 

Zeou cattle (Tharparkar and Sahiwall 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 

Sl. Genetic group No. of Code assigned 

No. cows 

1- HT (Holstein x Tharparkar) 154 1 

2. KF (Karan Fries -=- 'inter se 534 2 

mated) 

3. HS (Holstein x sahiwal) 71 3 

4. HJT fHo!stein(50%) + 48 4 

Jersey(25%) + Tharparkar 

(25%) J 

5. HST (Holstein(50.%) + 28 5 

Brown Swiss(25%) + 

Tharparkar (25%) J 

3.9.2 SEASON OF CALVING 

A year was divided into five seasons as under: 

s1. Name of season 

No. 

1- Winter 

2. Spring 

3 • Summer 

4. Rainy 

5. Autumn 

Group of months Code 

December to February 1 

March to April 2 

May to June 3 

July to september 4 

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 Karan Fries breed. The data ",'ere classified into B 

periods of calving in case of Karan Swiss and 7 periods of 
calving Ln 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 catt1e 

S1-

No 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Period of 

calving 

1970-71 

1972-73 

1974-75 

1976-77 

1978-79 

1980-81 

1982-83 

1984-87 

Number of 

observations 

.66 

'112 

146 

211 

180 

114 

117 

104 

Period code 

1 

2 

3 

4 

5 

6 

7 

8 
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Table 7. Distribution of data according. to periods for Karan 

Fries cattle 

SI­
No 

1. 

2 . 

3. 

4. 

5. 

6 . 

8. 

Period of 

calving 

1974-75 

1976-77 

1978-79 

1980-81 

1982-83 

1984-85 

198·6-88 

3.10 STATISTICAL ANALYSIS 

Number of 

observations 

62 

102 

99 

140 

141 

164 

148 

Period code 

3 

4 

5 

6 

7 

8 

9 

Statistical analyses were carried out separately for Karan 

Swiss and Karan Fries breeds with the help of BeL Horizon III 

computer systen available at computer Centre, National Dairy 

Research Institute, Karnal. 

3.10.1 cow EVALUATION 

.3.10.1.1 Estimation of milk yield for every part of lactation 

under each of the above sampling schemes 

Prediction of lactation milk yield (PMY) for 300 days or 

less under systenatic and stratified random sampling schemes was 

made as under: 

PMY = 

N 

~ (space of sampling x milk yield of sanpled day) 

i=1 



+ [{(actual lactation length) - (space of sampling 

schemes x number of samples)} 

x milk yield of last sample yield] 
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where space of systematic and stratified random sampling schemes 

was as under: 

1. Fortnightly 

2. Monthly 

3. Bimonthly -, 

" 15 days 

= 30 days 

= 60 days 

3.10.1.2 Fitting of linear equations for prediction of first 

lactation milk yield under various sampling schemes, 

part lactation yield and cumulative part lactation milk 

yield 

3.10.1.2.1 Ratio method' 

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

calculated as under: 

where, Rj 

Yi 
" 

" 

" 
N 

h t ' f t d' ,th t d t e ra 10 or ex en lng) par recor 

the actual lactation yield of ith animal 

The" estimated lactation yield o:e i th animal from jth part 

record: 

Y" " R' X" 1) J 1) 

The error of estimate was calculated as given belo ... ·: 



where, Hi is the difference between estimated/predicted 

actual (Yi) lactation yield of ith cow 

N 

z: Ei 

i=l 

Average error _. ----------

N ---

where, N is the number of observations. • 
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The per cent error (Pl in the estimation of lactation yield 

from various sanpling schemes, part yields and cumulative milk 

yieids was calculated as shown below: 

p = 

-N 

2: Ei 

i=1 

---------- x 100 

N 

:L Yi 

i=1 

The absolute error of estimation = IEil 

The average absolute error = 

Average absolute error per cent = 

N 

i=l 

y-
1 

x 100 
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The variance of error was estimated as follows: 

N ( {E0 2 

z: E·2 
1 

i=l 1=1 - -------
N 

Variance = 
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 sampling schemes 

The linear regresslon of observed lactation milk yield (OMY) 

on part lactation milk yield \o,'as estimated by the model: 

where, Yi ::; 

aj ;:; 

b = 

+ 

predicted milk yield (PMY) of ith animal 

the constant for jth part record 

the regresslon coefficient 

the jth part record of ith animal 

The coefficient of determination (R2) of the regresslon 

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

= 

N 

bj L Xij Yi 

i:::1 

N 

> Xij 

i=1 

N 

y. 
1 

----------------------------------- x 100 

V (yJ 

where, V(Y) = the varlance of lactation milk yield (Y) 

b· J ~ the regression coefficient of Yi on Xij 



3.10.1.3 

the jth part lactation record of ith aninal 

number of observations 
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Effectiveness of prediction of lactation yield on "the 

basis of observed part yields or estimated part yields 

under various sampling schemes 

The mUltiple regression analysis was conducted to determine 

the effective contribution of different observed and e"stimated 

part yields to lactation milk yield (OMY). The milk yields of 

fortnightly, monthly, bimonthly and cumulat,ive part lactations 

were taken as independent variables and OMY .... 'as re~arded as 

dependent variable. 

follows: 

where, Y = observed 

The ·nodel used for this purpose was' as 

lactation milk ·yield ·(QMYl 

bO = a constant 

b1 = partial regression coefficient of y on Xl 

b2 = partial regression coefficient of Y on X2 

bn partial regression coefficient of y on Xn 

Xl' X2 ...••• Xn are ,independent variables (part yields) 

The estimates of the partial regression coefficients were 

obtained by solving the coefficient matrix derived frem normal 

equations separately for each situation. The standard errors 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 analy.sis of variance was conducted as follows: 
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Source d.L 5.5. m.s. Variance ratio 

MSe 

Due to regression n SSr MSr -------
MSr 

Residual (N-n-l) SSe MSe 

Total (N-l) , SST 

where, n is the number of independent variables .Vo"hich varied from 

~ to 20 in different cases. 

The coefficient of deternination CR2) or accuracy of fitting 

the regression model was estimated as the ratio of sum of squares 

due to regressio'n (SSr) to total corrected sum of squares (SST). 

3.10.1.4 Selection of optimum number of test records for 

estimation of lactation yield by forward stepwise 

reqression 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 9iaple 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 yield was analysed again by forward selection regression 

analysis. 

Step 3 

The regression equation \~-as re-examined for the contribution 

of first variable which it ~ollid have made, if second variable 

had been entered first and first variable entered second (the 

forward selection 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 \\'as significant. 

The stepwise method sele'cted the next variable to enter, the one 

most hi'ghly partially correlated with the response (mW) (given 

that variable first and second were already in regression). This 

was taken as the third variable. The process was continued until 

a new variable did not give significant partial 'F' test (Draper 

and Smith, 19661. 

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 yield and estimated lactation 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 unequal and diproportionate, method of least 

squares an~lysis as described by Harvey (1966) was used to 

minimise the effect of non-orthogonality. The mathematical model 

used to study the effect of different non-genetic factors was as 

follows: 

where, Yijkl 

)l 

Gi 

b 

Xijkl 

x 

the record of lth animal 

season under the jth 

group 

that calved in kth 

period and ith genetic 

population mean 

ff f 
.th . 

e eet 0 ~ genetlc group"; 

for Karan Fries (KF) ( i = 1, 2, 3 , 4, 5 ) ; 

for Karan Swiss (KS) (i = 6 , 7 , 8, 9) ; 

effect of .th period of calving; J 

for Karan Swiss ( j 1, 2, ....... 8) ; 

for Karan Fries ( j 3, 4, ....... 9) ; 

effect of kth sea50n of calving; 

for Karan Swiss and Karan Fries (k .. 1,2 ••• 5),; 

partial regression of Yijkl on Xijkl; 

an independent continuous variable (age at 

first calving); 

= breed average of age at first calving; 

= random error associated with Yijkl and 

assumed to be normally and independently 

distributed with mean zero and 
2 

variance o-e. 
constant 

3.10.3 ADJUSTMENT OF DATA 

The data were adjusted for genetic groups, season and period 

of calving and age at first calving to !~m.0ve the.~:l:, 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 
parameters. Only those progeny groups which had minimum 
daughters per sire were included in the estimation of 
parameters. 

genetic 
of five 
genet~C 

3.10.4.1 Estimation of heritability (h1l 

The estimates of heritability of observed lactation milk 
yield, predicted lactation milk yield under different sampling 
schemes, part yields and cumulative yields were obtained by the 
method of paternal half-sib correlation (intra-sire correlation 
among daughters) method by least square analysis (Becker, 1975). 
The principle of the estimation i~ based on measuring resenbiance 
among relatives (hal,f sibs). The model used was 

where, Yij = 

P = 

Si = 

eij = 

y .. 
'J 

the performance of jth progeny of ith sire 

the overall nean 
f f 

. th . 
e feet 0 ~ slre 

random 
be NID 

error associated 
2 

(O'C;-e l 
with Yij and assuned to 

Analys1s of variance table 

Source of variation d. f. 

Among sires s-l 

Progeny within Slres N-S 

Total N-l 

MSS 

MS. 

MSe 

EMS 

2 2 
.:;r- + k;;-

e • 

2 
c;­

e 



2 

2 

(/ 
e 

k 

= 

= 

= 

MSs - MSe 

k 

MSe 

[. 1 

----- -
S-l 
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S 

~ 
2 

ni 
i=l 

i , -------------- , 

N 
~ 

Hence, intra class correlation 't' among paternal half sibs 

was 

2 

t = ----------------
2 -v 
s 

2 
+ 

Heritability was estimated as 

where, 
2 

c/ 
B 

2 

c:r 
e 

2 

4 s 

= 4t = 

2 2 

~ + r 
s e 

1S the component of sire varlance 

is the error variance 



85 

2 
The standard error of h was calculated by using the formula 

by Swiger et al. 11964': 

2IN-l) 1l-t)2 [1+IK-1,t1 2 

= 4 

K2 IN-S'IS-l) 

where, N is the numberof observations 

S is the number of Slres 

K is the average number of progeny per sire (esti8ated by 

formula given above) 

3.10.4.2 ... Genetic and phenotypic correlations 

The genetic and phenotypic correlations among jifferent 

traits, viz. observed lactation milk yield. predicted lactation 

milk yield under different sampling schemes. part and cumulative 

yields were estimated from the analysis of var~ance and 

covariance among sire groups as given by Becker (1975). 

3.10.4.2.1 Genetic correlations (rG) 

The genetic correlation .... as estimated by uSlng for:-:ula 

[ Cavs (XY) 

= ----------------~----

~ 2.l r 2 
L~ (XJ E s 

(y) : 
• 

.J 

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

Cays (XY) 

_ 2 

~ IX) and 
8 

= sire component of covariance between traits 

X and Y 

2 
~ tY) are the s~re conponent of va~iance 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): 

2 
1 - r G 

where, h 2X and h 2
y are the heritability estimates of the traits X 

and Y. 

3.10.4.2.2 Phenotypic correlation (rp) 

It was estimated as 

Cays (XY) + Cove(XYl 

rp (XY) = ---------------------------------------

j
' _ 2 

L~ (X) + 

2 -
r (x)1 

e J 

where, Cove (XY) is e:t:ror cOr.1ponent of covariance bet"een traits 

X and Y 

2 2 
c:-"(X) and o-(Y) are the error cOl7lponents of \·=.riance £6r 

e e 

traits X and Y, respectively. 

The standard error of phenotypic correlations was obtained 

according to formula gi'~'en by Panse and Sukhatrne (1967 J. 

1 2 r p (XY) 

SE (rp) 

.. where __ !_ :l:'P (XY) is the phenotypic correlation between :< and~ Y 

traits in same individual and N - 2 is the degree of fr~~dom. 
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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 (Il) 

The sires were evaluated by simple daughter' ave~age using 

unadjusted data for various traits: 

where r II is the first sire index method for ith sire 

o 1S daughterls average first lactation traits of the sire 

2. contemporary comparison method (12) 

The simple daughter average method of sire evaluation is 

very easy to compute but has the several limitations, especially 

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. 

as under: 

The formula used for estimating the sire index was 
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+ (0 - CAD) 

where, 12 = index of sire 

» ~ population mean 
nl = number of daughters of the sire 
2 

0; = component of error variance 

2 

V; - component of s~re var~ance -CAD = contemporary daughters average 

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

3. Least square analysis method (13' 

For sire evaluation, the lactation milk 
milk yields, part yields, etc. were adjusted 
genetic group, season and period of calving 
calving, . using least square analysis method 
minimise the effects of non-orthogonality. 
model used to estimate the breeding value 
follows: 

where, Yij 
.th 

observation in .th 
sire = J 1 

yields, predicted 
for the effects ·of 
and age at first 
(Harvey, 1966) to 

The mathematical 
of sires was as 

group (sire index 
value) adjusted for various non-genetic effects; 

)l = 
s· 1 = 

eij = 

overall population mean; 
the effect of ith Slre expressed as a . deviation 

from overall mean (u); 
random error associated with Yij and assumed to 

2 
be NID (0 I cr;-) . 

4. Beast Linear Unbiased Prediction (BLUP) (14) 

Henderson (1975) proposed a modified maximum likelihood 
method using mixed model. It is called Best Linear Unbiased 
Prediction (BLUP). The procedure used ;as: 
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Let the linear mixed model be 

Y X f6 + Zu + e 

where, Y 18 an n x 1 observation vector 

X is known as n x p matrix of fixed effects (viz. period 

and season of calying, regression on age at calving, 

genetic group) 

fo is unknown fixed vetor (p x 1) 

where, 

Z 18 a known n x q matrix corresponding to random effects 

(sire effects) 

u is a kn~~ random vector (q x 1) 

u and e are non-observable random vectors with null means 

and 

Var C) < ( : :)) 

2 is a scalar which is unknown and G and R are both noo­<r 
singular 

The analytical model used was 

where, Yijklmn 

J.l = 

Gi 

Pj 

Sk = 

61 = 

production. of 
kth season of 

daughter of }th sire calved in 

period in ith genetic group 

population mea·n (fixed). 

fixed effect of ith genetic group 

fixed effect of jth period of calving 

fixed effect of kth season of calving 

random effect of lth sire with expectation 

and constant variance 2 
zero 



3.10.6 

b = 

Xijklmn= 

partial regression of Yijklmn on Xijklmn 
an independent co"ntinuous variable (age at first 

calving) corresponding to Yijklmn 

X = breed average o£ age at first calving. 

eijklmn= random error associated with Yijklmn and assumed 

to be normally and independently distributed 

with mean zero and constant variance 2 
:r 

e 

SPEARMAN RANK CORRELATION BETWEEN BREEDING VALUES BY 

DIFFERENT METBODS 

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 

6 £d/ 
r Crank) 1 - --------------

n (n2_11 

where, r rank correlation 

n = number of sires under evaluation 

di = difference between the ranking of a sire by two 

methods 

The significance of rank correlation was tested by 

t = r 

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 procedure with thp­

breeding values by most efficient procedure. 

3.10.8 NUMBER OF DAUGHTERS WITH PART RECORDS REQUIRED TO PROVE 

THE SIRE WITH THE SAME EFFICIENC¥ 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 number of 

300 days l~ctation milk records was estimated by ·the following 

two methods: 

i) 

2 
:;;-

9 

2 

2 2 
:;;­
,9 

A 

A 

(Vanvleck and Henderson, 1961b) 

where, A ;:;;: 

2 

2 

"'9+ 

2 
::r­

F 

~ = error component of var1ance of part records 

2 

~ = sire component of variance of lactation (300 days) 

records 

2 

osg = covariance between Si and 9i 

2 

ars = sire component of variance of part records 
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error component of variance of complete lactation 

number of daughters with part records 

number of daughters with lactation (300 days) 

records 

(ii) Searle (1961a) 'gave a method from which the number of 

daughters with part records required 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 lactation records. 

where, r 

n 

= 

4 + .(N-li h 2 

= genetic, correlation between part and 300 days 

lactation yield; 

number of daughters with part records; 

number of daughters with 300 days yieldi 

heritability of part lactation yield; 

heritability of 300 days yield. 

was the accuracy of the sire proof for 

4 + (N-1I h 2 

300 days record. When 300 days records of 'N' daughters were 

used: 

was the corresponding accuracy 

4 + (n-1I h 2
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 OPTIMUM 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 progeny group sizes with 
'True Breeding Value' were estimated. The minimum number of 
daughters in sire 9rou~'which gave more than 80 per cent accuracy 
of prediction of TBV was considered as optimum. 

3.10.10 COST OF FIELD RECORDING OF DAUGHTERS UNDER VARIOUS 
SAMPLING SCHEMES FOR SAME ACCURACY OF PROGENY TESTING OF 
BULLS WITH VARYING PROGENY GROUP SIZE 

The number of progeny required per sire under various 
sampling schemes 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): 

ni 
V (EkIJ --'------
V (Yl' 

where, nikl the number of daughters required for .th sire = > 
under kth sampling scheme, 
the number of daughters available for the .th sire ni = > 
with first lactation yield, 

V(Ek l = within sire error var1ance of prediction of 
lactation yieJd under kth saropl ing, and 

V(YI = variance of first lactation yield. 

The cost of field recording for progeny testing a bull was 
obtained by considering the number of, test records required under 
each sampling scheme for varyin'g interval of recording mul tip] ied 
by the cost of recording a cowan one day. The cost of recording 
a cow on a day was taken as Hs.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 

YIELD (OMY) AND PREDICTED LACTATION MILK YIELD (PMY) UNDER 

SYSTEMATIC AND STRATIFIED RANDOM SAMPLING SCHEMES 

4.1.1 LEA$T SQUARES MEANS AND STANDARD ERRORS FOR OBSERVED 

(OMY) AND PREDICTED (PMY) FIRST LACTATION MILK YIELD IN 

KARAN SWISS BREED 

The least squares means with standard error fo~ OMY and PMY 

under systematic and stratified random milk recording schemes for 

Karan Swiss cattle are shown in Table 8. It is seen from 'Table 8 

that - for Karan Swiss the overall least squares mean of observed 

iirst 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 wer.e 2640.67 + 35.84 kg. 

2646.25 ~ 36.39 kg and 2665.46 ~ 37.00 kg, respectively and under 

stratified 

2645.37 + 

random sampling schemes were 2640.07 + 35.84 

36.00 kg and 2651.66 ~ 36.37 kg, respectively. 

kg, 

The 
estimates of average predicted lactation yields along with 

standard error were slightly higher as compared to average of 

OMY. Although there was a slightly increasing trend in PMY and 

its standard error with increase in testing interval, there was 

slight increase of 0.69 kg and 0.09 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 



Table~. Least squares leans fele OM1 and PMl Ilode.! systelalic and stratified randol salplin9 schele of laran Sills&: breed 

(in kgs) 

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

Effects Ro. of OM! Systematic sampling Bcltele Stlati£ie~ randol salplin9 scheme 
oba. ------------------.-----.----.. ---- .. -.---_ .... ------------------------------------------------

FClrtni9htJy HClnthJr Di~onthly Forhi9hUy Monthly ililliontbly 

---------------------------------------------------------------------
Population 1044 263U8.35,16 1640.61'35.84 1646.15.36.39 2665,46. )1,00 1640.01.35.84 2645.31.36.00 2651.88~36.)1 
lean 

Cenetic grouplt 
3021.23~47!60 6 211 3017 .66.47 .49 3014.92.41.59 3025.51.48.21 3111.86. 49.14 3021.21'47.81 3014.50'48.30 

7 81 2481.44'75.18 2492.38'75.)6 2493.3i'76.11 2525.36' 18.22 2419.08'15.77 '2486.62.16.10 2474.41'16.88 
1 10 2511.19.96.86 2568.60.91.09 2511.15.98.35 2616.211100,11 2568.12191.10 2512.31197.52 2681.6f'98.53 
9 112 2488.11'28.11 2486.88.28.10 2481.92'28.11 2185.JI~ 29.)2 m1.82~21. 41 1501.52~28.53 2m.91'28.12 

Seasonsll 
I 398 261J.14~40.19 2611.55'40.88 2651.03.41.!.! 2663.18. l2.11 2640.51.40.89 2641.96.41.01 2656.86'11.49 
I 315 2419.61'43.20 2459.66.41.38 2168. UIIl .86 W2.871 44.18 2m.S!'43.30 2460.29.43.49 2453.64'U.14 
3 141 2633,13156.89 1631.40'51.03 2633.53'51.11 2611.13. 58.88 1632.42'51.04 2636.95'51.28 2624.52.51.11 
I 116 2601.88'62.01 2606.39'62.15 2616.11'62,97 2611.11164,11 2601.68'62.11 1619.06161.13 1622.)016).08 
5 68 2858.91~18.19 1858.40~18.ll 1869.ll~19.39 2893.61~ 80.91 2863.84+18.38 2811.55~18.71 2902.10~19.54 

Perillds H 

I 65 26]4.JI'79.58 2688.82.79.17 26)5.98'88.il 2668.48. 82.J6 2671.17.19.18 2691.51'80.12 216!.llo80.95 
2 109 2862.59162.02 2864,68162.17 2868.H'61.98 288U2164.18 2861.85'61.11 2890.1116 1.44 2880 .5f'6). 09 
3 146 266).96158.53 2671.59158.67 2671.211\1.43 2618.41160.17 2668.68'58.68 2668.04'58.93, 2655.05'59.54 
I 109 2152.86'54.84 2155.14.51.91 1466.00'5;.69 2m.66'16.16 2H9.26'54.98 2458.00155.22 2432.26.55.19 
I 180 2Jl1.80154.75 2Jl0 .Of'54.88 2325.82.55.60 ,2364,P3' 56.66 ml.5S'S4.88 ml.O)'5S.13 mO.98'55.69 
6 114 2493.54.71.45 2497060'11.63 2511.98.72.56 2527.21113.95 1497,64'11.63 2494.50'11.94 2511.01172.68 
) 117 2561.2017],93 2558.04172.10 2576.9717J.OI 2603.40I7I.H 2566.68'12.10 2561.39172.42 2541.18113.17 
8 104 3075.58172.90 3068.25~13.08 3019. 11~14.0J m3.46~ )5.45 3010.01'11.09 3062.21113.40 309J.84~74.16 

-------------------------- ---- -------------
II Genetic: 9rouF. seiiSon and pedod of calrinq significant fP < 0,01) under GIn alld alJ six s3DpJing schemes 

"' U' 
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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 25.4B kg 

and 11.9 kg in average lactation milk yield under syst~matic 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 MILK 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 the 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 

55.16 

systematic sampling schemer ·respectively 

kg, 2777.34 + 55.04 kg and 2793.17 + 

and 

56.31 

2773.76 + 

kg under 

stratified random sampling schemer 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 8.69 kg as compared 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 227S ~ 178 kg by Kumar and Reddy (1989). The lactation 

milk. yield (G'MY) was report.ed to be 2909 kg in Holstein Friesian 



Table 9. Least !l'quares iliUM for OIlY and r"~ under BJ8telialic and atratified undol. sampliD9 acbele of !aran FrieB breed 

tin k9sJ 

----------------------------------------------------------.----------------------------------------------------- -------------

Effects ~o, uf 011 System~tjc sampling sehellf Str~tified ra~ol 8~~pJin9 scbe~e 
ODl';, ---_ ...... _----_ .. _--------.-------."._-.---_ .. ---.-.. -... "-------.------.---.--~--.-------- .... -

Fortnigbtly Monthly Billonthly forlni9hUy "'Mthly Bimonthly 

---------------------------~-------------------------------------------------------------------------, 

P(lpolatiOIl: m 2168.65: 55.82 1176.]5. 15.16 1118.61: 11.66 ml.!9: 56.88 1m. ;0' 15.16 2177.H' 11.01 ml.17' 16.11 
lean 

~enetic groupstt 
mO.n. 8dl I lS4 m9.72' 81.98 ml.l9' 88.18 ll46.63. 88.82 1215.03' 9U1 3238.68: 87.93 Jl91.0. 89.95 

2 531 J1l4.5fi 65.50 Jll3.18' 65.71 1118.0(.66.19 3149.11' 67.11 Jll1.7!"' 65.51 1150.18: 65.52 lll8.11' 6M3 
3 11 216UI'10!.!1 2112.82'105.15 2124.51'105. '1 2688.00'108.35 1117.13'185.05 2961.12'104.15 11I1.16'181.18 
I 48 1124.H'1l8.92 1121.~l~m.l1 2ll!.44'1lC.15 1180.45'122.94 .2lH.16~1l9.23 2710.11'118.91 2329.81 ~12l. 71 
5 28 m6 .29 ~114.18 24Jl. 981144,55 2421.71'115.91 1126. 51~1I9.11 2131.35:114.17 2450.151111.15 2167. 311141•17 

Sea.l!ODS • • • 
1 HI 2811.62< 59.n 2816.59. 59.52 2820.62. 19.96 1888.84. 61.33 18l9.24.~ 59.19 2821.11. 19.36 2m.33' 68.12 
I 199 261M3' 6S.1I 2654.11' 65.11 2Hl.li; 65.82 2621.85' 61.31 2655.17. 65.11 2651.28' 61.16 2635.11' 66.66 
3 119 2161.87' 82.13 2169.86~ 82.40 2719.42,82.99 2146.06' 81.91 2769.n' 8l.H 2166.91' n16 2812.16' 84.05 
4 III 2HI.1J! 83.93 mo .11' 54.20 2H6.22' 54.il inU2'86.15 m2.55' 54.14 2161.61! 51.96 276l.9)' 81.89 
5 1J 2156.41: 91.92 10l1.01! 94.)1 2863.50! 95.00 2860.65! 91.19 2802.11! 94,26 2880.15: 94.0S 2m.06! IU2 

Periodsu 
1 6) 1945.59<107.16 m4.50'181.50 2961.81'101.29 2948.'6.m.18 2946.36.101.44 2m.11.m.2" 2m.32<109.66 
I m 3091.H' 55.i6 1083.34' 86.14 3091.151 85.16 3103.25' 58.16 lO88.11' 86.08 3122.30' 85.59 1115.56' 81.86 
I 99 2182.67,71.74 2786.11. H.98 m4.9fi 15.53 1189. H~ 71.26 278J.31' 71.91 2113.81, H.77 2785.541 16.49 
I 130 2IIM6' 92.11 2139.06191.40 2Ul.19' 91.01 2122.89' 95.22 Hl9.l8' n.ll 2451.21' 92.14 2491.53' 91.26 
1 134 2"'.72'121.39 2412.11,121.18 2101.81'122.56 2l91.21~125.19 1425.81'12l.11 2I08.96'Il1.H 2413.1I'12I.11 
8 H~ 2819.11,"5.12 2m.16'1lI.69 '~H.1I'1I6.1I l806.12~1l9. 42 2861.31111 I. Sl 2851.l7'115.51 2901.09'118.22 
9 JIG 1845.68~1l8.55 28GO.15!IIS.9) 2139.SI!m.79 28S1.4S~122.11 186l.91!1!8.86 1848. 8J II U .60 2591.3 4~1l1.12 

---~--------~-------------------- ------------------------------- ------
t: Seaso~ of {,<llvipg had si9nifi~aQt eCff!cL. {P {,6.~5~ liD JIIiltlthJy systuatic and bi'~nthll systeBatic and 8tratified randol sampJing scbelles 

Gen~l!1: group, season alKl period of c,'Jlvtn9 sllgrllflcant {p ( 0.00 ~ndcr DRY and all si~ lIupliog scnemes 
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x Sahiwal crossbreds with e~otic inheritance of 3/8-5/8 and 

2722.91 kg in crosses with Holstein Friesian inheritance of 

greater than 5/B by Sharma et al. (1982), The estimated 

lactation milk yield was reported. to be more than observed yield 

by Singh and Desai (1966), Pandey and Desai (1973), Taneja and 

Garg (1976), Basu and Ghai (1977), Bhat et al. (1978). Deshpande 

and Bonde (1982) and Kumar (1987) in Friesian x Sahiwal cross­

Rah~ja breds, Rao (1977) in the crosses of Friesian with Zebu, 

and Balaine (1982) in crosses of Friesian with Haryana. 

4.2 THE INFLUENCE OF VARIOUS FACTORS ON OBSERVED (OMY) AND 

PREDICTED (PMY) LACTATION MILK YIELD UNDER VARIOUS SAMPLING 

SCHEMES· 

·4.2.1 INFLUENCE OF SEASON, PERIOD OF CALVING, GENETIC GROUP AND 

AGE AT FIRST CALVING ON OBSERVED (OMY) AND PREDICTED 

(PMY) LACTATION MILK YIELD UNDER VARIOUS SAMPLING SCHEMES 

IN KARAN SWISS CATTLE 

The least squares· analysiS of variance indicated that the 

effects of seasons, periods and genetic groups were statistically 

significant (P .< 0.01) on observed lactation milk yield (OMYl as 

well as predicted lactation milk yield (PMY) under various 

sampling schemes as well as intervals of recording in Karan Swiss 

(Table 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 were 

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 of 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. Least square analysis of v;.riance for effects of season and period of calving, genetic group and age at first 
calving OIl CMY and !Hi's under systEmatic and stratified rand"", _ling sch...., of Baran Swiss cattle 

Source d.f. CMY 

Season" 4 2823971.8 

Period" 7 6708040.0 

Genetic 3 12354604.0 
group:l:lIi 

Regression 1 25846.1 
on Arc (days) 

Error 1028 350287.6 

(in kg2) 

MEAN SllM OF SQUARES 
---------------------------------------------------------------------------------------

Systematic _ling schel1'e stratified randan saIlpling schel1'e 
---------------~--------------------------' ----------------------------------------

Fortnightly M:mthly Bilronthly. Fortnightly Monthly Bilronthly 

2815786.5 2978533.0 2956222.3 2834424.3 2939497.5 3481144.0 

6619519.5 6680293.0 6755422.5 6648175.0 6693536.0 7368178.5 

12182967.0 12620449.0 12810945.0 12439684.0 12019440.0 11381083.0 

42838.9 47726.4 41782.9 17292.7 38240.6 30.5 

3'51966.6 361156.6 375164.9 352035.8 355104.4 362460.4 

•• Significant (P < 0.01); • Significant (P < 0.05) 

'" '" 
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under fortnightly, monthly and bimonthly systematic and 

stratified random sampling scheme. On the other handT,the effect 

of month of calving 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 aMY and 

PMY under fortnightlYJ. monthly and bimonthly systematic and 

stratified random sampling schemes. Kakran (1987), Datt and 

Joshi 

effect 

yield. 

(1992) in Karan Swiss cattle also reported significant 

of period of calving on observed first lactation milk 

Dass (1991) reported that period of calving was found to 

have significant effect on PMY under three testing intervals of 

both ·sampling schemes in Murrah buffaloes. 

(1983) in Jersey x Haryana crosses and Garcha 

crossbred cows reported that period/ year 

Panda and Sandhu 

and Dev (1985) 1.n 

of calving had 

statistically non-significant effect on first lactation milk 

yield. 

Genetic groups had statistically highly significant effect 

(p < 0.01) on all traits. The highest OMY as we'll as PMY's unde,r 

systematic sampling scheme were found to occur for genetic group 

FI (3017.66 kg) and lowest for genetic group F2 (2482.44 kg). The 

highest PMY (3021.23 kg) occurred for genetic group FI and the 

lowest PMY (2491.82 kg) occurred for genetic group inter se mated 

under stratified random sampling scheme (Table 6)4 The 

differences among mean yields for genetic groups F2 and inter sc 

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 crosseS4 Kakran (1987) and Datt and Joshi (1992) found 

in Kdrdll Swiss callIe that the effect o[ yelletic group un first 

lactation milk yield was statistically n-o"n"';"signif-n:ant. 



101 

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 (19771 in Haryana and its crosses 

and by pass (1991) in Murrah buffaloes. Datt and Joshi (1992> 

found significant effect of AFC on first lactation milk yield 1n 

Karan swiss cattle. 

4.2.2 INFLUENCE OF SEASON, PERIOD, G'ENETIC GROUP AND AGE AT 

FIRST CALVING ON OBSERVED (OMY) AND PREDICTED (PMY) 

LACTATION MILK YIELD UNDER VARIOUS SAMPLING SCHEMES IN 

KARAN FRIES CATTLE 

The least squares analysis of variance 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 vari~us sampling schemes (Table 11). ~he effect 

of season of calving was not significant on OMY and PMY's under 

fortnightly systematic and stratified random sampling schemes but , 
was significant (P < 0.05) on PMY under monthly and bimonthly 

recording. The least square means of OMY and PMY- under various 

sampling schemes are given in Table 9. 

The OMY as well as PHY'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 (19B7) found that 

season of calving did not have significant effect on lactation 

milk }'ield 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 Fries cattle 

SourcE! d.!. ct1'i 

Seasor~ 4 1002680.5 

Period** 6 5316070.5 

Genetic 4 9303153.0 
groupu 

Regression 1 7968023.5 
on APe (days)** 

Error 819 462565.0 

(in kg2) 

MFAN SUM OF SQUARES 

Systematic sampling scheme· Stratified random sampling scheme 
------------------------------------------ ---------~------------------------------

Fortnightly Monthly Bimonthly Fortnightly 

995706.3 1121774.0· 1189250.8· 1036855.4 

5321380.5 5338076.5 4979472.0 5166965.0 

9536125.0 9453878.0 9645326.0 9323377.0 

8033971.5 7147774.0 6840686.5 8458281. 0 

465539.0 472335.1 494345.7 464988.5 

.* Significant (P < 0.01); • Significant (P < 0.05) 

Monthly 

1100006.3' 

5401476.5 

9077604.0 

8017378.5 

462926.2 

BiIronthly 

1587120.1' 

.5757486.0 

10006801.0 

7942291.5 

484451.4 

0-0 
a 
N 
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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 yield was also 

reported by Khanna and Bhat (1972) and Kumar (1987) in Friesian x 

Sahiwal crossbred and Kakran (19B7) in Karan Fries cattle. Dass 

(199"1) also found significant effect of period on OMY and P~yIH 

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 

statistically 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 in genetic 

group H x JT' crosses. It is thus seen that sampling. schemes did 

not generally alter the effect of genet{c group in prediction of 

milk yield. The effect of genetic group was also found to be 

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 Balainc 

(1982) in Brown Swi~s, Friesian, Jersey and Red Dane halfbreds 

with Haryana and Kumar (1967) in Friesian x Sahiwal crOSses and 

Kakran (1987) in Karan Fries ~attle. 

In this breed, the regression of OMY and PMY under each 

sampling scheme on age at first calving was found to be highly 

significant (P < 0.01). Basu and Gupta (1976) in Indian cattle, 

Gupta e~ a1 (1978) in Holstein Friesian x Sahiwal crosses, KUmar 

(1987) in Friesian x Sahiwal crosses and Dass (1991) in Murrah 

buffaloes 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 yield 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 .. i.ncrease 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 p£ 

season of calving was not significant on OMY and PMY under 

fortnightly systematic and stratified random sampling schemes, 

but was significant (P-( 0.05) on PMY under monthly and bimonthly 

recording in Karan Fries breed. The regression of OMY and PMY 

under each sampling scheme on age at first calving was not 

significant in Kara"n Swiss cattle, but was found to be highly 

significant (P ( 0.01) in Karan Fries cattle. The sampling 

schemes did not generally after the effects of various factors, 

viz., seasqn and p_eriod 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 YIELD 

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 yields, whereas 

regression on age at first calving was not sig"nificant ~n all 

fortnightly yields. 



Table 12. Least square analysis of variance for effects of season and period of calving. ~enetil! group and age at first calving OD 

fortnightly part .ilk yield of larall Swiss cattle 

-------------------------------------------------------------------------------------------------------------
HKAH 'OM OF 'iOARES Ikg

2
1 

-----------------------------------
SOllrce D.r. lot 2nd 3,d 4th 51! 6th 7th 8th 9th 10th 

-------------------------------------------------------------------------- ---,-------------------------------------------
Seasonlt 4 10088.1 25961.9 41569.2 Um.B 18518.4 40164.2 1B406.1 41952.8 44953.3 4B094.4 
Period*' 7 17B57.3 JJl43.7 42496.1 43667.8 41380.2 38953.1 34269.8 m42.3 26143.3 25899.7 
Genetic groupU J HOlO.7 44446.1 45697.3 Um.2 40969.9 ]6201.4 34552.5 26698.6 27119.7 25588.9 
Regression on 1 111. 7 m.4 2M3.1 1118.4 4976.6 4877.9 1762.9 2817.0 \202.7 2114.7 
APe Iday.1 . 
Errcr 1618 1614.5 1450.6 1300.5 1l!7.1 1098.5 1061.3 1011.0 959.5 m.1 860.7 

110271 110241 

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

MilAN SOH OF SQUARES !kg 2
) 

-----------
S(lurce n.r. 11th lllh 13th 14th 15th 16th 17th 18th 19th 20th 

--------------------- ----------------------.,----------------------------------------

5eaaontt 4 44421.6 l1IB1.0 14575.3 10715.4 21140.8 19045.7 1113l.9 117l6.S W9S.S 24041.1 
Period H 1 21533.1 11656.6 17440.9 11111.1 16lJ2.2 11591.1 1J101.4 IIm.l 9001.2 B152.0 
Ge/leUc grollp" J 12619.6 21661.1 20449.0 11911.1 11218.1 18m.0 18012. 0 15191.0 14041.1 11485.2 
Reg:ession on 1 112.7 113.1 8.1 195.4 154.6 43.2 1.2 12.4 125.4 151. B 
Arc [daysl 
Error 789.8 811.4 763.1 769.5 -741.4 m.5 71B.3 107.0 740.6 710.6 

11012) 1m) [976) [957) [940) 19271 [ 906) [856) [7611 [65B) 
---------------------------------------------------------------------------------------------
U Significant [P ( 0.01) >-

0 

'" 



Table 13. Least square analysis of variance for effe.cts of season and period -()f calving, genetic group and age at first calving on 
fortnightly part milk yield of hran Priea cattle 

----------------------------------------------------------------------------------------------------------------
MEIN SIK or SQUIRES Ik921 

-----------------------------------------------------------------------------------
Source o.r. 1st 2nd Jrd m 5th 6th 7th m 9th lOt, 

--------------------------------------------------------------------------------------------------------------------------------
Sea 30nll mll.O ml5.5 51001.9 55515.! moo.1 m24.5 4!851.5 44191.8 Ji61l.9 J1Ol1.1 
Period*' 11021.4 18939.8 W91.1 2B!85.1 21m.l 21983.0 m!0.5 21558.0 22511.5 21196.0 
Genetic gr()upll 12893.1 19140.1 221!U 25034.8 2!912.0 301S1.4 28291. 3 mH.2 ~4m.0 m03.0 
Regcessioe on 4!m.0 mS1.2 52368.S 51400.3 49322.4 49133.5 m14.3 31810.1 .1151.2 22m.S 

:AFC (days1 
Rrror 019 !1!8.2 Hi!.! 1!055.0 1559.2 1511.9 1589.5 1521.0 1451.9 13OS.1 1m.l 

(8191 IS141 18lJ1 

---------------------------------------------------------------------------------------------------------------.-----------

----_._------------------------------------
ME" SUM Of SQUARES Ik9

2
1 

------------. --------------------------------------------
S()urce D.P. 11th 12th 13tl 11th 15th l!th 11th 18tl 19th 20th 

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

Season u 4 32!45.3 m91.4 10m.0 34120 .4 31411.5 39191.1 4S934.2 52404.3 Ilm.! 32211.1 
Period u 6 22091.1 19898.2 11341.1 14151.9 11016.4 813S.6 1415.3 5331.2 5193.2 !10!.3 
Genetic grrJUpll 4 251l1.5 25339.s 22m.4 20951.1 21231.1 19135.1 11155.0 Im5.3 15014.9 14211.4 
Regression ()Il I 22191. I 21m.l 21111.5 1149!.9 lll19.9 18!2.1 8411.5 9833.9 12602.0 1142.1 
AFC Iday. I 
Error 1229.1 1208.3 IW.I 1086.0 1032.! 1351.4 1144.1 10!1.9 1041.2 1019.9 

. 11061 11981 11111 11SlI 11131 11621 11551 I lOll I!OJI 15341 
----------------------- -----------------------------------------------------------------
II Significant (P ( 0.011 '"" o 

'" 
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The analysis of va"riance for fortnightly part yields in 

Karan Fries cattle (Table 13) revealed that the effects of season 

and period of calving and genetic group were highly significant 

on all 20 fortnightly part yields. The regression on age at 

first calving was also found to be statistically significant (p < 
0.01) in all 20 fortnightly yields. 

Frorn the above presentation. it is seen that the effects of 

season and period of calving and genetic group were found to be 

highly significant on all 20 fortnightly part yields in both 

breeds wherea~ regression on age at first calving was found to be 

statistically highly significant in all fortnightly part yields 

in Karan Fries breed only. Singb et al. (1979) found in Haryana 

breed, that period of calving had a significant effect on ·weekly 

milk yield in all weeks of production. The month of calving had 

a significant effect in all weeks except 7-8 and 10-11. 13-15. and 

42-44. Rao and Sharma (1985) reported that the effects of period 

and season of calving varied with stage of lactation in Murrah 

buffaloes. 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. (1986) reported that season and period of calving 

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 season and period 

of calving. genetic group and regression on age at first calving 

had statistically highly_ $j.gni£ic~~.t. (P < 0.01) effect on part 

milk yield. 



Til.ble H. Least square analysis of variance- for effects of sea8'on and period of cahing, genetic group and age at first calving on 
lonthlr part .ilk yiel~ of Karan Siliss cattle 

--_._---------------- ----------
H!IH SOM Of SQOlR!S Ikgl) 

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

Source D.f. I.t lnd 3rd 4th m 5th ·m 8th 9th lOth 

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

Seasonti 6llJ9.1 164804.6 mm.2 H025).5 

Periodu ) 9919U 112029.3 16016).7 124145.0 

Genetic groupH 175954.8 187648.7 154051. 4 lml1.3 

Regression on 154.2 lOllS.) 18485.7 13103.4 
APe Iday.) 

Error 1078 5815.7 4762.7 4188.8 m5.] 

H Significant [P { D.Ol} 

I85m.8 

103946.2. 

106719.2 

8450.0 

3320.5 
11 0 241 

153991.6 119160.2 108179.1 

9604U )0955.6 62372.0 

85344.8 )2437.9 )0318.0 

915.8 311.5 110.9 

3044.8 1892.6 1861.9 
19951 (957) (921) 

j 

128818.1 

50m.) 

66725.0 

619.9 

2585.0 
(856) 

98731.6 

36256.1 

44631.2 

350.8 

)601.4 
(658) 

>-" 
o 
co 



Table 15. Leut sqnare aoalJais of '9arhnce for·effeclB of :season and period of calving, genetic group and age at fint calving on 
monthly part lllilk yield (If laran rries cattle 

Source 0.1. 

SN50n ii 

Period U 6 

Genetic groupH 4 

Regression on 
hFe (days III 

ErHlr 819 

REA! SOH 01 SQUARES Ikgll 

1st 2nd lrd 4tl 5tl 6tl 1tI 8tl 9tl Inti 
• 

----------------------------------------
111l14,8 253180.1 229322.1 17984j,J H817)'1 115165.8 124315.5 14Bl22.9 199931.8 118139.3 

58251.5 107152.9 101467.9 90039.0 81579.1 83214.0 61597.1 3m3.2 24410.2 26140.0 

62611.4 95125.0 111922.5 m050.1 10108),2 100883.3 81772.3 01614.0 67541.3 57560.7 

214962.2 20l4l6.2 m08l.1 172374.0 100652.1 95124.0 76745.0 40m.0 mOl.O 1955).5 

6llO.1 sm.4 6051.8 5787.S 5024.0 
18131 

m5.B 4102.4 39ll.9 
17901 mil 17621 

3989.S 
17041 

1OU0.3 
15141 

----------------------------------------------------------------------------------------------------------------------------------
II Significant (P C 0.01) 

.... 
o 

'" 
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It is thus seen from Table 14 and 15 that the season and 

period 

0.01) 

of calving and genetic group had significant effect (P < 
on all 10 monthly part .yields in both breeds whereas the 

regression on age at first calving was non-significant ~n 

Swiss and highly significant in Karan Fries breed. 

(1974) reported that effect of period of calving was 

Karan 

Gokhale 

highly 

significant in Murrah buffaloes in al·l monthly part yi~lds. The 

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 signifiqantly affected milk yields during 

months 6, 7 and 10 (P < 0.01) and during months 4, 5 and 9 (P < 

0.05) in Sahiwal cattle. Godara anq Yadav (1992) also reported 

that the effect of season of calving was significant on all 10 

monthly part yields of f'irst lactation except monthly part yield 

durin.g first, second and seventh month in Murrah buffaloes. The 

effect's of period of calving were significant on all the monthly 

part yields of first lactation, except on monthly milk yield of 

sixth month. 

4.3.3 BIMONTHLY PART LACTATION MILK YIELD 

The least squares analysis of variance on bimonthly 

in Table 16. yields for Karan Swiss breed has been presented 

1S seen that the effects of season and period 

genetic group were highly significant on all five 

part 

It 

of .calving· and 

bimonthly part 

milk yields. The regression 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 

Frjes cattle. 



'!'able 15. te.ut square analysis of nriance for effects of 'Beason and period of calvi"ng, genetic group aDd age at fint calving oa bilonthly 
part lilk yield for IaUII 811'i88 cattle· . 

---------_._--

. M~AH SOH Of S~OAR~S !kg2) 

Source O. F. l.t l,d lrd It! 5th 

______________________ --1_ 

Sea~lOnll 402563.5 600609.5 598279.1 40622l.O 4005S7.0 

PeriodH 529194.0 564300.2 405909.2 269Bll.5 1653S7.6 

Cenetic grouptt 722157.9 549210.0 359905.8 291076.3 1m03.7 

Regression on ~fC mO.9 62600.3 15200.9 781.9 2791.3 
( dars) 

Porrar 102S 19669.3 1506S.2 11680.3 10512.4 Sm.2 
11m) 11028) 1995) 1921) (658) 

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

tI Significant [P ( 0.0Il 

~ 

~ 
~ 



Table 17. Least square analysis of variance for effects of season and period of calving,· genetic group and age at first calving on bi.onthJy 
part .i1k yield for Karan Frieu cattle 

flE!R SDM OF SQUIRES Ik911 

-.-----------------------------------

SClurce D.P. lot 2nd 3 rd 4lh 5th 

-------------------------------------~------------------------------------------------------------------------t-----------------
SeasonH mOll.1 765641.0 461262.2 I91m.8 552147.1 

Period H 111471.8 191239.0 11m7.9 198m.2 112582.1 

Genetic grouptt 318902.7 419301.1 197271.5 111626.1 240m.2 

Regression on APe·' 845189.4 748152.1 391619.1 114521.2 157199.1 
!days) 

Error 819 2J297.1 22715.5 18251.8 15470.8 14168.8 
18191 18191 17961 17621 15111 

------------- ------------- ---------------------
tl Significant !P ( 0.01) 

~ 

~ 

N 
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It 18 thus seen from Table 16 and 17 that the season 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 Fries breed. 

Murthy et a1. (1985) found the significant variation due to 

period on all the components of lactation yield except in the 

peak yield 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 buffaloes. 

4.4 EFFECT OF SEASON AND PERIOD OF CALVING, GENETIC GROUP AND 

AGE AT FIRST CALVING ON CUMULATIVE PART MILK YIELD 

The analysis of varlance 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 variance of 

cumulative part yields (Table 19) indicates that the season and 

period of calving r 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. 

milk 

dairy 

The significant effect of season of calving on lactation 

yield was also reported by 

cattIer Reddy a;d -Mishra 

Basu and Gupta (1974) 

(1982) in Murrah 

in Indian 

buffaloes. 



rable 18. Least square ana1,sis of variance for effect of sea Bon and period of calving, genetic group and age at firit calving on .onthly 
ellllllative part yield of Karan Swiaa cattle 

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

Source D.F. 

SeasonH 

Period It 

Genetic grol1pU 

Regression on 
APe (days) 

Error 1028 

-----------
First 
)0 days 

6Jll9.1 

99190.4 

116964.0 

154.2 

5815.2 
IU,O) 

First 
60 day. 

402563.5 

529394.0 

122157.9 

1158.9 

·19669.3 
110,0 I 

tt sig~ifjc<lllt [P { 0.01) 

First 
90 day. 

912260.1 

125905).4 

l530lOl.1 

502225.9 

)9@l6.0. 
11m) 

Hg" 'UK OF BIU'UEB Ik921 

---------------- ----------
Fiut 
120 days 

1603600.9 

mom.o 

252S!OG.O 

114311.1 

62668.0 
110201 

Firat 
150 day. 

1400U60.0 

1lO 211 9. 3 

3616102.0 

152036.3 

80m.4 
11 0 2j) 

Firat 
100 days 

29)1600.5 

4210032.5 

4451423.5 

203m. 5 

Jl4J!4.) 
19951 

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

First First 
210 days 241 day. 

30144n5.0 201000.3 

S306351.5 6!040!6.5 

50015UU W8919.5 

214107.5 i18122.6 

141564.3 168801.9 
1957) 192.71 

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

First 
210 days 

1912715.6 

16l!)99.U 

1241041.5 

649910.9 

190590.6 
10561 

.... .... 

.to 



Table U. Least square analysis of varian~e for effect (If season aDd period of oealYing, genetic: group and age at. fint calving on lonthly 
cUlulative part yield of ~araD Fries cattle 

---------------- ---------------------------------------------------
MEAN SUM UF SQUAIES Ikg2., 

,--------------------------------

SOllrce D.P. First Fiut First First First First First First First 
3D d'I' 60 d.y, '0 d'I' 12D d.y. 150 days 180 day8 210 day. ,240 dal' no day. 

--------------------------------------------------------------------------------------~---------

Seasonu ll3Ji4.8 6ilDll.1 154m7.3 2381272.8 29D'ln.O 29m60.3 2261168.0 1801242.9 919818.8 

Periodu m17.5 12241l.B 800562.3 Im27B.O 226B27l. D 299614B.0 3716611.3 1l218S5,D 4500517,5 

Genetic ~rouptt 62641,4 310902,7 199473,' 1184897.6 2l7Dm.D 3477027.1 4451ll1.0 5572720,0 6516076,0 

Re.gre.ssion on 214962.2 815m,4 1!1H7,9 3161313.1 4189!29. D Im172.1 7136112.1 903m8,0 9397743,0 
AFC ~daJ8)H 

Error 819 6370.3 23297.3 4"77.7 8731.9 122m: 8 165931.9 211872.1 25144!,6 289908.6 
18191 18191 18191 18191 18131 11991 11811 11621 17m 

--------------------------.. -------------------_ .. ------------------"~--------------~~-----~-----
II Signifi~allt ~p < o.Ot) 

.. .. 
'" 
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Bhadauria et al. (1966) 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 purebred 

and Holstein Friesian x Sahiwal crossbreds, Bhat et al. (1978) in 

crossbreds, Parekh and Sandhu (1978) in ~harparkar x Holstein 

Friesian crossbreds, Ipe (1979) in crossbreds; Dangi (1979) in 

dairy cattle; Deshpande and Bonde (1982) in Holstein Friesian x 

Sahiwal cattle, Reddy'119B3) in Sahiwal, Reddy and Basu (1985) in 

crossbred, Bhadauria et 81. (1986) in Jersey; Kumar (1987) in 

crossbreds and Sushil Kumar (1990) in Sahiwal cattle. The age 

effect was significant on cumulative monthly yields upto seven 

months in buffaloes as reported by Gokhle (1974). Sushil Kumar 

(1990) al so found the regression of cumulative 30 days ~ 60 days, 

180 days, 210 days, 240 days, 270 days and 300 days m~lk yield on 

age at first calving tb be statistically significant. 

Balaine (1977) in Haryana and crossbred cattle and 

Raheja and 

Singh and 

Yadav (1987) in buffaloes reported that age at first calving had 

no significant effect on cumulative milk yield. 

4.5 

4.5.1 

PREDICTION OF FIRST LACTATION MILK YIELD ON THE BASIS OF 

FORTNIGHTLY, MONTHLY AND BIMONTHLY TEST RECORDS UNDER 

SYSTEMATIC AND STRATIFIED RANDOM SAMPLING SCHEMES AND PART 

YIELDS BY RATIO METHOD 

PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF 

FORTNIGHTLY SYSTEMATIC SAMPLED TEST RECORD 

The multiplicative ratio fac.tors 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 hctors and their accurilcies for prediction of first lactation Iilk ,ield (OMll under fortnightl, systelatic test record 
yields 

------------------------------------------------------------------------------------------------.--.--.-----------------------------------
Duration of sampled KARAN SHISS ~REED KIRIN FRTES BRBED 
part 1 actation ....... _--_ ........... _-_ ............ __ ._--_.- -_._._ .. -........ __ ........... _--_._ ..... _-----_ .. 

NUlber I)f Multiplicative Accuracy . RUlllber of ~ultiplicatiye Accuracy 
observations' ratio factor III observations ratio factor III 

---------------------------------~------------------------------------------------------------------------------------------------------

PORTNIGRTLl INTERVAL 

lot 674 11.21 4U2 550 11.74; 32.19 
2nd 674 16 .12 5U6 550 16.58- 50.09 
3rd 614 16.48 63.22 550 16.68 58.81 
4th 611 16.91 61.45 550 11.89 6J.09 
5th 674 11.65 61.80 m 11.11 61.01 
6th 611 1B.21 69.01 558 18.22 61.95 
7th 611 18.85 18.12 558 19.88 61.11 
8th 614 19.55 64.83 550 19.49 66.26 
9th 674 28.1l 18.46 550 20.83 51.84 

18th 5J4 28.13 18.18 558 20.51 66.14 
lith 611 21.33 68.31 550 21.1l 61.B! 
12th 614 21.14 63.91 550 21.JJ 61.U 
IJth 614 21.88 62.54 550 21.68 -65.11 
14th ill 22.46 60.36 550 21.91 64.19 
15th 614 22.81 56.09 550 22.25 54.43 
16th 614 22.81 41.90 550 22.43 49.31 
11th 614 22.8' 46.42 550 22.48 n.ll 
18th 674 22.96 39.96 550 22.89 48.93 
19th 614 22.19 B.32 550 22.80 39.52 
20th 614 22.15 28.84 550 22.91 35.85 

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

~ 

~ 

" 
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The multiplicative ratio factor.s 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 of lactation yield 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 
lactation milk yield was observed at mid lactation (around lOth 
fortnight) and minimum (28.84%) at last sample test record (20th 
fortnight) . 

In 
factors 
of ratio 
estimate 

case of Karan Fries breed, the multiplicative ratio 
(Table ·20) indicated that the minimum estimate (16.58) 
factor 
(22.97) 

was 
at 

found at second 
20th fortnight. 

fortnight 
The 

and maximum 
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 of 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 minimum estimate 
(16.10) of ratio factor was observed at second fortnight and 
maximum estimate {23.03) at 1Bth fortnight. The magnitude of 
multiplicative factors decreased from fIrst fortnight'to second 



Table 21. Ratio factors and their accuracies for prediction of first lactation lIilk yield (OMYl IInder fortnightly stratified ~ando. lest 
record yield8 

Duration of sallpled 
part lactation 

FORrlIGHrLY IlfmiVAL 

1st 
2nd 
kd 
4th 
5th 
6th 
7th 
8th 
9th 

1nth 
11th 
12th 
13th 
14th 
15th 
16th 
11th 
18th 
19th 
28th 

-_._--------------------------------------------------------
KARAN SWISS BREED 

HUlLber of Multiplicative Accuracy 
('IP.!Icrvatiofls ratio f~ctar 1\) 

614 
614 
674 
m 
614 
674 
674 
m 
674 
614 
674 
m 
674 
674 
6H 
6H 
6H 
674 
674. 
m 

17 .21 
16.18 
16.57 
16.96 
17 .58 
18.12 
18.84 
19.59 
20.19 
20.75 
21.28 
21. 18 
21. 99 
22 .39 
22.74 
22.82 
22 .85 
27.87 
22.88 
22.89 . 

43.75 
59.74 
!J.n 
69.18 
69.61 
68.52 
69.14 
67.39 
70.1l 
69.16 
66.84 
64,88 
62.56 
57.93 
16.15 
49.14 
47.70 
40.68 
34.25 
29.20 

fiumber of 
observations 

110 
150 
m 
550 
110 
m 
110 
550 
550 
150 
m 
558 
550 
550 
m 
158 
150 
110 
558 
m 

~AR~R FRIES BREED 

HlIltipiic.ative 
ratio f~cto[ 

11.10 
16.71 
H.51 
11.11 
11.88 
18.13 
18.91 
19.38 
19.99 
10.61 
11.12 
11.46 
11.11 
11.98 
11.1 I 
21.44 
11.41 
12.51 
12.11 
22.15 

Accuracy 
III 

33.J4 
11.81 
51.11 
60.91 
56.02 
61.14 
61.71 
61.61 
61.72 
61.11 
61.19 
61.91 
B.89 
62.89 
59.53 
48.19 
49.56 
41.18 
38.18 
74.55 

>-" 
>-" 

'" 
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fortnight and subsequently increased with advance in lactation. 

It is found that the accuracy of prediction of lactation yie.1d by 

ratio factors was highest (70.13%)· during 9th fortnight (Table 

21), followed by the accuracy during Sth and 16th fortnight. The 

minimum (29.20%) accuracy was found for last three fortnights and 

first fortnight. 

The multiplica~ive ratio factors for Karan Fries breed 

(Table 21) indicated that the minimum estimate (16.57) of ratio 

factor was at third fortnight and maximum (22 •. 78) at 19th 

fortn~ght . 

decreased 

The 

from 

magnitude of multiplicative 

first fortnight to third 

ratio fC!.ctors 

fortnight and 

subsequently increased with advance in lactation. The accuracy 

of prediction of lactation yield on the basis of f6rtnightly 

stratified r"andom sampled test records (Table" 21'" l'1as minimum 

(33.34 to 34.55%) during initial and last phase of lactatidn and 

maximum (67.29%) during mid lactat"ion (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 Karan Fries 

breeds a single test record could be taken during a fortnight 

around mid lactation to predict lactation yield with fairly high 

accuracy. 

4.5.3 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF 

FORTNIGHTLY PART LACTATION MILK YIELD BY RATIO METHOD 

The multiplicative ratio 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 was observed at second fortnight and maximum 

estimate (26.22) at 20th fortnight in Karan Swiss breed. The 



!'able 22. Ratio factors and their accuracies for predictioll of fint lactation .ilk yield (OMY) under forlDightly part yields 

---------------------- ------------------- -------------------------------------
Duration of sampled KARAN SWISS BREED IARAN FRIES BREED 
part lactation --.. _ ...... _ .... --- ......... _---_ ... _--------- ----------_.-------------_ .. _------------------_ .. 

lIuuber of HultipJil!ative Al!curacy Number of Multiplicative Accuracy 
obsenaticlRs ratio factor I II ob'servations ratio factor III 

---------------------- --------------------------------------------, 

10RT!IGHTtY I!!RRV!t 

1st 614 17.34 27.47 m 17.10 26.70 
2,d 614 16.27 30.71 m 16.14 30.61 
3rd 614 16.62 44.99 m 16.10 47.50 
4lb 614 17.1l 46.96 55! 17.17 49.60 
5tb 614 17.70 49.!5 m 17.01 50.52 
6tb 614 11.41 19.11 55! . 10.12 54.06 
7tb 674 19.00 50.14 55! 19.16 55.65 
Rlb 614 lUO. 47 .04 55! U.19 56.39 
9th 614 20.35 40.71 540 2U5 59.95 

1m 61J 21.03 47 .67 541 21.10 60.00 
11tb 611 21.11 45.25 544 21.01 62.50 
12tb 610 22.23 42.41 531 22 .!~ 61.2] 
13tb 612 22.67 35.01 532 23.11' 60.20 
14th 156 2].24 3U2 m 2J .15 52.15 
15tb 654 2].63 29.12 524 24.16 50.51 
16tb m 23.19 2U5 511 24.17 49.30 
l7lb 645 23.93 2l.1l III 24.~. 41.44 
10tb . 637 24.42 15.14 405 26. iO 42.22 
19th 619' 25.13 10.12 425 30.10 30.20 
20tb 513 26.22 . 7.21 312 31.10 30.25 

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

.... 
N .... 
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magnitude of multiplicative ratio factors decreased from first 

fortnight to second fortnight and subsequently increased with 

advance in lactation. The accuracy of 50.74 per qent for 

prediction of lactation yield on the basis of seventh fortnight 

was highest followed by accuracies of 49.~2 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 prediction. 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 fortni'ght in Karan Fries breed. The 

magnitude of multiplicative ratio. factors decreased from first 

fortnight to second fortnight, and subsequently increased with 

advance in lat:tation. 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 11th 

fortnight, 60.80 per cent for 10th fortnight, 59.95 per cent for 

9th fortnight and 56.39.per cent for 8th fortnight. The accuracy 

of prediction on the basis of initial (1st fortnight) and 

terminating. phase (20th fortnight) of lactation was found to be 

minimum (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 taken 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 predic·tion was obtained 

fortnight and minimum (28.89%) accuracy at 20th 

during 

fortnight 

lOth 

for 

Karan Swiss breed. The prediction on the basis of same sampling 

scheme reveals 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 fortni9ht a~d minimum 

(29.20%) accuracy ,during 1st and 20th fo:ttnight for Karan Swiss 

cattle whereas maximum (67.29%) accuracy for test records during 

10th fortnight and minimum (33.34%) accuracy during 1st and .20th 

fortnight was obtaineo.' 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 fdrtnightly systematic and stratified random sampled 

test records were almost similar in both breeds. The prediction 

of lactation yield' on the basis of fortnightly part y'ields 

reveals that maximum (50.74%) accuracy was obtained for 7th 

fortnightly a'nd minimum (7~21%) for 20th fortnightly part yield 

for Karan Swiss and maximum accuracy (62.50%) for 11th fortnight 

and minimum (26~78%) for 1st fortnight in Karan Fries breed. 

VanVleck and Henderson ,(1961a) reported that the best period 

for drawing single test record f.or estimating complete lactation 

yield was 8th ~o 12th fortnight of lactation in Holstein cows. 

Saigaonkar et 031 (198l) found that accuracy of predicting ,52 

weeks record on the basis of 6th and 8th fortnight was ,76 per 

cent in Sahiwal cattle~ Nagarcenkar and Bas3vaiah (l981) found 

that the prediction of lactation milk yield on the basis of 22 

weeks (11th fortnight) gave highest accuracy (68.89%). 

The following conclusions may be drawn from above 

presentation: 

(i) 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 

_l_actation to predict lactation yield with fa~rly higa accuracy. 
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(ii) The accuracy of prediction of lactation milk yield on the 

basis of fortnightly systematic and stratified random sampled 

test records were similar in both breeds; whereas accuracy based 

on fortnightly part yield was lower than above two milk recording 

schemes. 

4a5.4 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF MONTHLY 

SYSTEMATIC SAMPLED TEST RECORDS 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 multiplicative ratio factors developed for 

prediction of lactation yield with the corresponding accuracy are 

given in Table 23.for Karan Swiss and Kara!1 Frie.s breeds. 

In case of Karan Swiss it is seen from Table 19 that the 

minimum estimate (S.31) of ratio factor was observed for first 

IDonth and maximum estimate (11.49) for 9th month. The magnitude 

of mUltiplicative factors increased from first month to ninth 

month then decreased for tenth month. The accuracy of 67.8D% for 

prediction 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 sampled 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 23) 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·· four·t-h ····monthly 

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



Table 23. RatiCl factors and their accuracy for predictioB of lactation .ilk yield under .Clnthly alate.atic test record yields 

DuratiCln (If sallpled 
part lactation 

HARAN SNISS"BRERD 

HUlber of Kultiplir:alive lIcc:uracy 
observations ratio hctor ('.J 

Humber of 
observalio"ns 

KARAR PRIIS BREED 

Kultiplicative 
ntio factor 

Accunc:y 
III 

--------------------------------------------------------------------------------------------------------------------------------------
MOfiTHLf IRfERVAL 

1st 614 8.31 50.61 550 8.55 40.06 
2nd 614 8.34 63.30 550 8.45 59.41 
3ed 614 8.91 66.14 550 9.00 64.25 
4th 614 9.62 61.80 550 9.64 65.38 
5th 611 10.21 61.15 550 10.10 65.98 
6th 614 10.14 61.80 550 10.66 66.98 
7th 614 11.05 63.26 550 10.85 . 64.16 
8th 614 11.12 5U2 m 11.20 53.51 
9th 614 11.49 45.86 550 11.31 48.51 

10th 614 11.42 32.53 550 11.48 31.46 

------------------------------------------------------- ----------------" 

.... 
N 
~ 
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and 65.38%, respectively (Table 23). When initial and 

terminat~n9 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 Fries breeds. 

a single test record 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 THE BASIS OF MONTHLY 
STRATIFIED SAMPLED TEST RECORDS BY RATIO METHOD 

The multiplicative ra~io 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 to 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 and terminating 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 centr respectively. When initial 

terminating (tenth month) monthly sampled 

to predict lactation milk yield, then the 

(first month) and 

test records were taken 

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 



fable 24. Ratio faotors and tbeir aoouracy for prediotion of hotation lilk yield under lonthly stratified randOi test record yields 

---------------------------- ------------------_. __ . ---------
Dltration of sallpled 
part hc:tation 

MOfiTHLY IMTCRV~L 

1st 
2nd 
3,d 
4th 
5th 
6th 
7th 
Bth 
9th 

10th 

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

KARAH SWISS BRECD 

Number of 
observations 

674 
614 
674 
674 
674 
674 
614 
614 

. 614 
614 

Multiplioalive 
ratio fac:tor 

B .29 
B.36 
B .90 
9.63 

10.2B 
10.6B 
11.18 
11.34 
11.13 
11.11 

--------

kouracy 
III 

43.51 
51.49 
6B.01 
61.19 
61.65 
6B.BB 
63.5B 
12.81 
41.94 
31.64 

E!R!! rRIES BREED 
.... _ .......... _-------_.- .. _--------_ .. _----- ... . 

fiumber of 
obsenations 

m 
m 
m 
m 
550 
lID 
ISO 
lID 
lID 
m 

Multiplicative 
ratio factor 

Accuracy 
III 

-;----------

B.53 52.41 
B.33 64.34 
B.92 66.01 
9.54 61.35 

10.11 69.15 
10.51 65.23 
10.91 63.11 
11.26 10.91 
11.39 43 .66 
11.41 31.41 

------------------------------------------. 

"" '" ~ 
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ratio factors decreased from first month to second month and 

subsequently 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 Tab.1e 25, for Karan Swiss 

and Karan Fries breeds. 

Table 25. indicates that th"e rn~nJ.mum estimate (8.32) of ratio 

factor was observed for first month and maximum estimate (11.45) 

for 9th month in Karan Swiss cattle. The magnitude of 

multiplicative factor increased from first month to ninth month 

then decreased at tenth month. The acc~racy ,of prediction on the 

basis of fifth monthly part yield was observed to ,be maximum 

(78.5%) followed by accuracies 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 maximum 

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 increas'ed with advance ~n 

lactation. The accuracies of prediction of lactation milk yield 

based on mid phase lactation monthly part yields were found tb 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 monthly - pa.rt 

yields l " ·whereas· ·ae:curacies for prediction based on initial (f.irst 



Tahle 2S. Ratio factors a.nd their accuracy for prediction of lactation .i1k yield Ilnder'.(lnthly part yields 

Duration of sampled 
part lactation 

-------
IIRAR SWISS BREED 

Rumber of ~1l1tiplicatiye Accuracy 
observations ratio heloT (\) 

--------------------------------
HORTRLY IRTBRVIL 

1st 6J4 B .32 63.Bl 
2nd 674 B. 3 5 74.5B 
3 rd 674 B.91 77.30 
4th 674 9.59 78.B4 
5th 674 10.22 . 7 B. 50 
6th 6J4 10.74 74,86 
7th 674 11.10 . 71.75 
Bth 6J4 11.IB 6U5 
9th 674 11. 45 51.12 

lOth 674 11. 41 I B.ll 

Ihtlber of 
observations 

550 
550 
550 
m 
550 
55B 
550 
55B 
55B 
m 

IARIR PRIES BRBBD 

MultiplicativE' 
ratio hclor 

8(59 
B.1l 
B.91 
9.5B 

10.IB 
IB.63 
10.9B 
11.19 
11.32 
11.47 

--------, 

Accuracy 
III 

51.B2 
BB.15 
12.10 
74.51 
7B.92 
71.49 
71.35 
81.9B 

. 51.27 
41.77 

~ 

'" '" 
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month) and terminating <10th month) were found to be 51.82 ~nd 

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 yield with 

fairly high accuracy •. 

The estimate of ~ultiplicative ratio factors on the basis of 

monthly systematic test records ranged from 8.31 to 11.49 for 

Karan Swiss and 8.45 to 11.4a for Karan Fries breeds. Similar 

estimates. of multiplicative factors based on monthly stratified 

random sampled test records ranged from 8.29 to 11.43 for Karan 

Swiss and 8.33 to.ll.47 for Karan Fries breed. In the same way, 

the estimates .of ratio factors based on monthly part yields 

ranged from 8.32 to 11.45 for Karan Swiss 'and 8.42 to 11.41 for 

Karan Fries breed. The pr~diction of lactation milk yield O~ 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 Swiss 

cattle and maximum ,( 66.68%) accuracy for prediction was obtained 

during 

Karan 

milk 

sixth month and minimum {37.46%) during 10th month for 

Fries breed. On the other hand, prediction of lactation 

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%J during 10th 

month for Karan Swiss breed and maximum (69.75%) accuracy 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 

~n both breeds. The prediction of lactation yield on the basis 

of monthly part yield 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 yield by ratio method was 

fourth, fifth and sixth month in Holstein Friesian cows. 

and Dhillon (1986) observed that all the sires selected on 

Jain 

the 

basis of fourth or fifth month milk yield were same as those 

selected on 

Bhutta and 

the basis of first lactation milk yield in 

Pandey (1989} found that by ratio method 

buffaloes. 

the milk 

yield during the first month predicted 300 days lactation yield 

with almost same aa~uracy as the milk yields of later month 

yields. 

The following conclusion may he 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 yield 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 monthly part 

yield reveals that a single test record could be taken during 

third month to sixth month to predict lactation yield with high 

accuracy. 

2. The accuracy for prediction of lactation milk yield 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 THE BASIS OF 

BIMONTHLY SYSTEMATIC SAMPLED 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 ratio factors developed for prediction of 



Table 26. RatiCi factors and their'accuracy fClr prediction of lactation milk yield under bilonthly 8rstel~tic test recora yields 

Duration of sampled 
part lactation 

BIKOR!R,Y IRIERVA, 

ht two Bonth 

2nd two lonths 

3rd tli'CI IIClOthS 

Uh tllO lIonths 

5th tliCl months 

--------

KARAR S'ISS BRBBD 

ll.umber of Multiplicative ~ccl1raq 

observations ratio factor m 

614 4.16 60.09 

514 4.58 5US 

614 5.22 61.11 

614 S.6) 51.81 

614 5.11 31.28 

---------'----------

NU1IIber of 
observations 

550 

55C 

550 

55C 

550 

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

KARAR FRIES BREED 

Multipl icati VI!! 

ratio fachr 

4.28 

4.65 

5. lJ 

5.50 

5.11 

Accoracr 
III 

51.55 

54.22 

64.12 

51.24 

10.96 

~ 

W 
N 
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lactation yield along with the accuracy are given 10 Table 26 for 

Karan Swiss and Karan Fries breeds. 

It is 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 

lactation. 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%)1 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 fac~or was observed during first bimonth and the highest 

estimate (5.71) during fifth bimonth for Karan Fri.es 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 maximum 

(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 1S 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 lac:tation yield with 

fairly high accuracy. 

4.5.8 PREDICTION OF L~CTATION MILK YIELD B~SED ON BIMONTHLY 

STRATIFIED RANDOM SAMPLED TEST RECORD BY RATIO METROD 

The results of accuracy for prediction of lactation milk 

yield 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 ob,served during first bimonth 

estimate (5.77) during fifth bimonth for Karan Swiss 

and highest 

cattle. The 

magnitude of multiplicativ'e ratio"-f~ctors increased from first 



table 21. Ratio factors and their accuracy for prediction of hctati<ln milk yield under hilontbly itratified rand!). test rec(lrd yields 

D~rati(ln of sallpled KARAH S~ISS BRRRD !!R!N FRIBB BREED 
part ladation ---------------------------------------------- --------------------------------------------------

Number of Multiplicative Accuracy NU1Iber of Hultiplicative Accuracy 
observati(lns ratio factor 1\1 obsemti(lns ratio factor III 

,-------- -------------------------------------------
BIBOBTBLY IRTBRVAL 

1st liIo lIonHs 6H 4.17 60.43 SID 4.24 48.0) 

2nd lIIo .onths 674 4. ~, 64.14 550 4,64 65.57 

lrd two lonths 674 5.27 ~). 9~ m 5.17 ~B. 0 1 

4th tvo JanUs 674 5.65 57.1~ 550 5.55 5B.94 

5th tilo monU5 614 5.77 34.80 550 5.70 40.41 

.... 
w .. 
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bimonth to fifth bimonth. The maX1mum (64.14%) 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 

birnonth and the highest estimate (5.70) during fifth bimonth for 

Karan Fries. The magnitude of multiplicative ratio factors 

increased from first bimonth to fifth bimonth. The accuracy 

(68.02%) based on third birnonth was found to be highest followed 
by the accuracies for second- bimonth (65.57%), fourth himonth 

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

It is thus seen from Table 27 for Karan Swiss and Ka~an 

Fries that a single record could be taken during a birnonth around 

mid lactation <2nd and 3rd bimonth) to predict lactation yield 

with fairly high accuracy. 

4.5.9 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF 

BIMONTHLY PART YIELD BY RATIO METHOD 

The multiplicative ratio factors developed for prediction o£ 

lactation yield along with the corresponding accuracy are given 

in Table 28 for Karan Swiss and Karan Fries breeds. 

rt 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 birnonth for Karan Swiss cattle. The 

magnitude of multiplicative factors increased from first bimonth 

to fifth birnonth. The prediction on the basis of ratio factors 

of second, third, first; fourth and fifth bimonthly part yields 

determined 80.77, 80.57, 73.38, 71.58 and 46.13 per cent accuracy 

in descending order, respectively. 



'l'able 28. Ratio hctor! and their accuracy for prediction of lactation lilk yield ~Ilder bilonthly put yielda 

Duration of sampled 
part ]actatio~ 

IIRIN SiISS BREED 

NUliber of ~ultip1icative ~c~rilcy 
observations ratio factor IR .t) 

I!R!I FRIES BREED 
---_._-------------------------------------_._----

NUliber of 
obgervatio~9 

Kul tip] icati ve 
ratio faelor 

Acc~raC'j 
Ii ,II 

-----------------------------------------------------------------------------
BIRDI!H'! II!IRV!' 

1st two lonths 674 1.17 71,38 550 4.25 64.39 

2nd lllo lIonths 671 4.63 80.11 550 
j 
.1.63 76,35 

3rd lwo lIonths 671 5.24 80.57 550 5.19 81.16 

Uh lllo Jonths 671 5.62 71. 58 550 5.52 71,24 

5th two Months 671 5.72 16.11 m 5.70 19.11 

... 
w 
'" 
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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 Karan Fries breed. The 

ma9nitude 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 

181.16%) followed by second bimonth 176-,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 mul"tiplicative ratio factors on the basis of 

bimonthly systematic te-st 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, the 

estimates of ratio 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. 

of bimonthly 

The "prediction of lactation milk yield on the basis 

systematic sample"d test records reveal s that the 

maximum (69.35%) accuracy for r·rediction was obtained during 

second bimonth and minimum (37.28%) during fifth bimonth" 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 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, wherea.,s _the highest "<?-nd 
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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 ~aran Fries breed. The 

magnitude of multiplicative factors increased from first bimonth 

to fitth 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 birnonth 

(71.24%), first bimonth (64.39%) and fifth-bimonth (49.33%). 

It is thus seen-that a single record could he 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 ratio factors on the basis of 

bimonthly systemat.ic te·st 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, the 

estimates of ratio 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·predictiop of lactation milk yield on the basis 

of bimonthly systematic sampled test records reveals that the 

maximum (69.35%) accuracy for F'rediction was obtained during 

second bimonth and minimum (37.28%) during fifth bimonth· 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 birnonth and minimum (34.80%) accuracy 

during fifth bimonth for. Karan· Swiss cattle and maximum (68.02%) 

accuracy was obtained during third birnonth 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, wherea.,s ~the highest .and 



fable 29. Ratio factors and Ueir accuracy for prediction of lachtion .ilk yieH fru lonthlr cUlulative put yields 

Duration of 8~lIpred I~R~H SKISS BREED ~ARAN FRIES BREBD 
put lactation -------------------------------~-------------- --------------------------------------------------

Number (If Hultiplicative Accuracy Humber of Mul tiplica t i ve Accuracy 
Clbser.,.~tions ratio factor 1\ I obs€rvations ratio factor III 

-----------------------------------------------------------------------------------------------------------------------------------------
First 30 days &H 8.32 63.01 550 8(59 51.82 

rirst 60 days 514 4.11 13.38 550 4.25 54.39 

First ~O days m 2.84 19.29 550 2.89 12.25 

First 120 days m 2.19 83.52 550 2.11 77.98. 

First 15~ days m 1.81 81.06 550 1.82 82.59 

Fi rst 180 days 614 1.55 90.10 550 1.55 81.86 

First 210 days m U6 94.01 550 1.16 92.64 

First 240 days &H 1.21 91.12 550 1.21 96.14 

Fi rst 270 days m 1.10 99.21 550 1.10 99.11 

----------------------------------------------------------.-------------------------------------------------------------------------------

.... 
'" '" 
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The multiplicative ra~io factors, developed on the basis of 

monthly cumulative m'ilk yield for Karan Swiss cattle (Table 29) 

indicated that the magnitude of multiplicative ratio factors 

increased with advancement of cumulative milk yield. 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 yie.1d 

was a reasonable predictor of lactation "milk yield which gave 

sufficiently high (90.70%) accuracy for prediction of lactation 

milk yield in Karan SW1.'ss cattle. When cumulative yield records 

for longer duration of lactati'on were considered for prediction, 

the accuracy increased but at slower rate. 

The multiplicative 'ratio factors, developed on the basi~ of 

mqnthly cumulative milk yields for Karan Fries cattle (Table 29), 

also indicated that the magnitude of multi.plic';ltive r'atio factor 

increased with advance of cumulative milk yield.' The dif'terence 

of ratio factors upto first 180 days cumulative yield was 

observed to be higher than subsequent cumulative yield. It is 

seen from Table 29 that first 180 days cumulative yield was a 

reasonable predictor of lactation milk yield which gave 

sufficiently ~igh (87.86%) accuracy of prediction for Karan Fries 

breed. When cumulative yield records for longer duration of 

lactation were considered fo~ prediction, the accuracy increased 

hut at slower rate. 

It is thus seen for Karan Swiss and Karan 'Fries breeds that 

first 180 days cumulative milk yield was a reasonable pred~ctor 

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 buffaloes. Parmar et al. (1984) reported that maximum 

part yield was obtained at 91 to 180 days of first lactation in 

Tharparkar cows which shows that these animals reached peak part 

lactation production during this period. Katoch et al. (1990) 

reported that the relat),y~ efficit;'!.I:l,CY of selection based on first 
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120 days and 150 days cumulative yield as compared to first 

lactation milk yield was high in Jersey cattle. Sushil Kumar 

(1990) concluded that ratio factor method generally gave 

overestimates. The first 150 days and higher duration cumulative 

yield 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 presentation that first 180 day 

cumulative milk yiel~ is a reasonable 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 ANO STRATIFIED RANDOM SAMPLING SCHEMES AND PART 

YIELDS BY REGRESSION METHOD 

4.6.1 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF 

FORTNIGHTLY SYSTEMAT!C SAMPLED TEST RECORDS BY REGRESSION 

METHOD 

The prediction equations 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 one test 

record was used for prediction of lactation milk yield, the 13th 

fortnight systematic sampled test record gave highest accuracies 

of fitting (67.33%) followed by accuracies of 67.17 per cent for 

14th fortnight, 66.20 per cent for 11th fortnight, 65.35 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 

yie'ld. The 12th fortnight systematic sampled test record gave 



Table n. Regreashl8 eqaations and their aeeuraciea ror prt~dictioR of lactatiou' .ilk yield llnder fortnig~tlT arstellatic 4upJed test 
record yields 

---------------------------------------------------------------------------------------------------------------------------------------
Duration of I~RAn 5ffl%' IlREf.O 
pa rt lactation ._.- .. --- .. ----- ------------ -- -----.. -- -.- -----------

Number of RegH!3SioR equationS' 
obJ;~rvations 

Accuracy 
III 

mAR FRIES nReiD 
------_.-., .. -----------------------.----------_ ... _------
NlImh~r of 
(Ibser'{ation.q 

Regression equations flccuncr 
III 

-----~---------------------------------------~------------------------~------ .. ... _--------. __ ..... _-------------------
rOmIGR! IiTERVAL 

lst 1044 1 ' 1230.52 • 8.r1 Xl 11.65 ilS 1 ' 1512.11 f U9 Xl 2l.ll 
"d 1011 Y ~ 841,H 'lO,11:2 5o.J8 815 r, 1121.15 • MI X2 41, " 
ltd 1044 j - 195.55 .1D.61 lJ 51.09 815 j' 981.16 '10.62 Xl 52.15 
m \044 i, 154.68 '11.2614 5l.17 lIS I - l08.50 .11.10 X4 55.15 
5th 1044 Y - 120.5) 'll.ll'XS 60.90 m 1 ' 1632.90 '11.06 X5 54.09 
m 1044 I' 110.15 '12;1116 60.61 835 " m.41 'lLS4 X6 59.41 
m 1044 I·' m.92 '12.% 11 62.48 m ! - 1009.64 Ill.96 11 11.10 
Oth lW 1 - OOU6 '12.11 !8 59.l5 835 1 - m.35 '12.40 XO 62.12 
llh IW 1 - 615,38.13.1119 6L14 ill I' 1U11.25 .12.1619 6Ul 

Uth 1042 j' m.38 '1l.91 110 . ;1.33 m ! ' Im.12 '12.91 !IO 66.21 
IIlh W5 1 - 802.19 '1J.91 Xll 66.20 826 Y - Im.18 .13.50 XlI 66.10 
12th 10\8 1 - %0.43 .11.15 !11 ;5.11 811 Y , 1108.14 .12.66 m ;UI 
Ilth 1002 1 ' 1011.59 'll.Ollll 61.31 811 ! ' 1219.60 .12.50 III 61.56 
W~ m 1 - 1152.24 '12.33 !l4 61.11 m ! - Im.52 '12.40 XI4 61.11 
ISth 966 Y , 1213.13 '12.12 115 65.15 192 1 ' 1459.98 '11.86 115 6U5 
10th 951 ! ' 1314,50 '11.31 xi6 61.24 184 ! , 151).90 .11.26 !l6 60.61 
l1lh m ! ' 1411.21 .10.59 III 56.81 11J Y , 1658.21 '10.19 XI1 58.65 
18th 904 Y , 1598.62 • 9.41 .Xli ~ ~. 63 150 I ' 1951.04 I 1.96 XI8 46.64 
19th 8ll 1 ' 1111.19 • 1.09 XI9 16.1l 664 I - m6.!1 • 6.38 1I9 32.16 
20th 125 ! - 1011.21 • 5.11 120 IL41 584 '1 ' 2538.01 • 5.10 X20 21.91 

--------------------~-----------------------~----~---~-----------~-------------------------------------------

Xi = test record yield during ith fortnight - kg 
Y : predicted first lactation railk yield (PMn - kg 



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 yield. 

It is thus seen that a single test record could be. taken 

during a fortnight in mid lactation (9th 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 

REGRESSION METHOD. 

Prediction equations and their accuracies based on 

fortnightly stratified random- sampled test records are given J.n 

Table 31 for Karan Swiss and Karan Fries cattle. 

A linear regression model was fitted among 20 fortnightly 

test 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 fortnights. The minimum accuracy 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 

method, 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 11th fortnight. The prediction based on initial and 



Table 31. Regresaion equatioDB and their aC'C'uraciu for prediction of lactiltion milk yield under fortnightly stratified randal salpled 
test record yield! 

----------------------------------------------- --------------- -----------------------------------------------
Duration of ~ARAH SWISS BREBD KARAN FRIES BREED 
part lactation ........ -... -........... -.. -.--- .. -.. --- .... -.-- .... - ----_ •... _------- .• _ .........•.••• __ •........•• _------ __ e. 

lIumber of Regression equations 
observations 

AccuraC!y 
[I) 

Humber of' Regression equations 
observations. 

Accuracy 
[I) 

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

FORTRIGR! liTRRVAL 

1st 1044 Y , 1229.82 • 8.39 !l 37.75 835 Y , 1557.15 , 8.17 ~1 30.11 
2nd 1044 Y' 822.03 '10.30 X2 50.89 835 Y' 1121.15 • 9.97-12 41.13 
3 rd 1044 y, 792.24 '10.12 X3 53.90 835 Y , 1019.13 '10.41 13 51.53 
Itl 1044 Y, 741.58 '11.35 14 59.22 835 y, m.86 '11.12 14 55.98 
5th 1041 y, 641.58 '12.39 15 62.13 835 Y , 1m.31 '10.85 15 52.28 
6th 1044 y, 725.34 oIU8 16 60.53 835 y , 1057.81 '11.1816 57.62 
7th 18H Y' 720.05 012.73 17 61.28 835 Y , 1114.77 '11.92 17 58.65 
8th 1844 y, 756.50 .1l.02 18 60.05 835 Y , 1005.98 '12.28 18 50.84 
m un y, 725.46 '13.68 19 64.15 830 Y , 1002.35 '12.75 Xl 63.80 

lOth 1040 y, 718.07 '1l.7I 110 55.29 829 Y , 1003.68 '1l.24 110 67.15 
lith U28 Y' 836.19 013.68 III 65.38 822 Y , 1095.83 .13.08 III 66.41 
l2lh 1011 Y' 962.52.13.19 III 66.97 814 Y , 1192.99 '12.88 112 68.48 
13th 992 y , 1044.48 '12.86 !13 68.12 803 Y , 1290.17 .12.55 !13 68.21 
14th 973 Y , 1183.34 '12.04 114 66.51 797 Y , 1401.28 '12.11 114 67.03 
15th 956 Y , 1234.10 '11.95 Xl5 66.09 789 Y , 1418.50 '11.94 115 65.07 
16th 941 Y , 1340.25 '11.23 116 62.22 718 Y , 1608.35 '11.01 m 58.82 
l7lh 922 Y , 1444.94 '10.50 117 57.52 771 Y , 1659.27 '10.74 !17 76.32 
181h 872 Y , 1673.37' 8.82 Il8 46.36 720 Y , 2079.15 • 8.04 lIB 65.36 
19th 777 Y , 1936.88 • 6.64119 33.28 619 Y , 2411.51 • 5.67 m 27.91 
20th 674 y, 1lJ4.96 , 4.98 m 21.16 550 Y , 2600.80 • 4.56 110 20.19 

----------~----- ---------------
!-1 test reC!ord yield during ith fortnight - k9 
Y : predicted first lactation lIilk vieJd (PIIYl . k~ 

.... .. .. 
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terminating fortnightly test records determined lowest accuracies 

of 30.11 per cent and 20.29 per cent, respectively. 

It 18 thus seen from Table 31 for Karan Swiss and Karan 

Fries breeds that 

fortnight around 

a single test record could be drawn 

10th fortnight to 15th fortnight 

during a 

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 breeds. 

A linear regression model was -fitted among 20 fortnightly 

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 

followed by accuracies of 71.S5 per cent for 

71.56 per cent for 11th fortnight, 71.53 per 

fortnight and 71.18 per cent for 10th fortnight. 

based on 19th fortnight and 20th fortnight gave 

fitting (72.83%) 

12th fortnight, 
cent for 14th 

The prediction 

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. It 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 69.95 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. Re9ression equatioJls ilDd their accuncies for prediction of lactation .ilk yield under fl3rtnightly parl .ilk yieJda 

-----------------------------------"------------------------------

Duratio~ of KARAN SWISS BRKKD 'A!AN F!I!S B!!!D 
part lactation ----- .. -_ ...... ---_ •....•••...• _._ ... _ ..... __ ........ ._ .. _ .... _-----_ .... _--_._------ .... ---_ .... _-_._---_.-- .. 

NUlllber of Regression eguations Accuracy ~u.hel' of. Re9ression equations Accuraay 
observ.tjons 1'.1 observations 1\1 

-----------------------------------_.----------. __ ._-----------.----.. -------_.-._----------------------.-------------------------

fORTNiGRr INTERVAL 

ht 10H y 0 961.BB '10.0B !l 11.59 Bl5 j 0 117B,92 '10.15 11 17.54 
2nd 1014 yo 651.17 .11.37 Xl 56.50 Bl5 Y 0 B85.79 .1/.15 12 48.62 
3rd 10H Y 0 616.08 '11.09 Xl 60.1I 815 yo 162.77 '11.19 Xl 57.40 
4th 10\4 yo 529.93 .12.7014 65.15 815 Y 0 1JU8 '12.21 !4 60.77 
m 1044 y 0 505.17 >ll.ll 15 67.50 m y 0 m.94 .1l.1B 15 B.ll 
6th 1044 yo 545.71 '13.50 !5 66.91 Bl5 y 0 B07.BO '12.61 16 64.06 
7th 1044 Y 0 534.22 '14.0617 68.19 835 y 0 806.11 'Il.ll 17 65.65 
8th 104\ yo m.B '1l.45 IB 61.10 B35 j 0 m.69 '13.55 IB 66.18 
9th 1042 Y 0 539.4B '15.09 n 70.19 810 Y 0 806.41 .1l.05 19 69.95 

lOth 1039 yo 601.63 '15.11 m 71.10 m y 0 823.41 '14.41 m 13.61 
11th lOll yo 691.78 .11.85 III 71.56 m y, 912.88 .14.15 III 1J .57 
12th IntO y 0 851.60 >14.11 112 7US 814 Y 0 IW.!6 +1l.B4 112 1I.ll 
llth 991 I 0 948.16 '13.70 III 72.B3 001 Y , 1169.15 'IUO 113 7l.50 
14th m Y 0 1176.26 .13.13 114 11.53 197. Y 0 1211.11 'IUI III 72.05 
15th m I 0 1175.17 >12.51 115 69.20 It9 Y 0 1l65.71 <12.65 Xl5 . 67.85 
16th 142 Y 0 127i.51 .11.87 116 65.80 118 Y 0 1501.08 '11.06 116 64.51 
11th 921 I 0 lJ93;1I .10.98117 60.22 171 Y , 1600.90 '11.17 117 61.25 
18th 871 1 0 1643.65 • 9.10 118 48.06 720 Y 0 2039.64 • B.!l il8 !Ul 
19th 176 I 0 1919.59 • 6.85 119 14.33. 619 Y 0 2427.10 • 5.84 119 28.80 
21th 67J 1 0 2129.11 • 5.14 m 21.Jl 550 yo 2592.11 • 4.71 m 20.91 

------------------------------------------------ ---~-----------

Ii lest record yield durin9 ith month - k9 
Y = predicted first lactation milk yield {P~Yl - kg 

f-" ... 
'" 
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It is thus seen from Table 32 that a single test record 

could be taken during 9th fortnight to 14th fortnight to predict 

lactation yield with fairly high accuracy in both the breeds. 

It is 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 accuracie? of fitting as 67.33 

and 68.02 per cent, respectively. The prediction of lactation 

mill.; yicl.d on the basis of fortnightly stratified random saInJ?led 

test records reveals that 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 systematic and stratified random ,sampled, 

test records were almost similar in both breeds when a si .. ~le 

fortnightly part yield, record was used to predict, lactation milk 

yield. However, prediction on the basis of part records 

indicated that the 13th fortnight for Karan Swiss and 12th 

fortnight part record for Karan Fries breeds gave highest 

accuracies of fitting as 72.83 and 74.31 per cent, respeetively. 

Amble et ,31. (1959) and Amble and 

estimated the lactation milk yield from test 

Raja9?palan (1960) 

day yields recorded 

~t fortnightly intervals by simple random sampling and systematic 

sampling in cattle and buffaloes in India. They 

systematic sampling was better than simple random 

for estimation of lactation yield from test 

reported that 

sampl~ng method 

day records. 

Agarwala (1962) reported that recording milk production after 

every 10 days for predicting the lactation yields 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 Xl. where Y = predicted complete lactation 

milk yield. Xl was milk yield for 15 days of lactation. Ivanov 

et al (1969) reported that the estimated lactation yields \fith 5, 

10 and 15 days recording intervals were less than actual yield in 
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dairy cattle in Denmark. Nagarcenkar and Basavaiah (1981) 

predicted 300 days milk yield from part 

method. They reported that 22 week yield 

yields by regression 

(lIth fortni,ght) 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 56oays. 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 days. 

Dass (1991) observed.~ .that the accuracy under systematic and 

stratified random sampling was better with shorter testing 

intervals in Murrah buffaloes. 

It may be concluded from above presentation that the 

prediction of lactation milk yield on the basis of fortnightly 

systematic and stratified random sampled test records and 

fortnightly part yields by regression method .reveals that a 

single test record could be taken a fortnight during 9th to 14th 

fortnight to predict lactation yield with fairly high accuracy in 

both breeds. The accuracy for predi.ction of lactation milk yield 

on the basis of fortnightly systematic and stratified random 

sampled test records by regression method were similar in both 

breeds~ whereas accuracy based on fortnightly part yields 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 HASIS OF MONTHLY 

SYSTEMATIC SAMPLED TEST RECORDS BY REGRESSION 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 



fabJe 33. R"gre38ion eqllation! and thdr aCl!uraciclI lor pf('Ilidion ()f lactation m,ilk yidd onder .o~thly sYllte3'atil: ulpled teRt record 
1ie::ds . 

Duration of KARAN SWISS !!R~ell 
part J act~tion •.•• --. _. __ o ______ --- ____ OM_OM. - •• ____ oM_oM. --- ------

lhlltbct of Re9rcs~ion cql\~tiQn~ 
observations 

~{,Clr~C'Y 
(~ , "u'IIller 0 r 

,·I,'lerva.lion~ 

Ki\RM FRWl H!lE!m 

!l(!9'r~s~i(1n egHlionlf 

----------------~--- .--------------------------------------------------

MORTHL! liTIS'AI 

l,t lW Y ~ \nQ.H6 f 4.56 n 41.11 !l5. 1 ~ mUJ • 4.46 Xl 
hd IflH I' 151.11. 5.55!l 55.91 835 y, 981.51. 5.68 Xl 
),d JnH I' lll.Ql' 6.811J 5t.65 m y ~ 1"00.13 I 5.63 Xl 
'th 18H l' m.ll' 6.15 XI 59.81 Bll v ~ 1046.20 I S.~~ ~4 

5th 1844 I, i'5.H' U9 X5 63.64 1Ji 1 ' Im.OS • 6.n Xl 
6th 1814 y'~ B21.~1 t &.15 Xli 61.Rl m 1 ' ll56.15 • b.ll X6 
7th m Y , 1863.18' 6.11 Xl 68.91 0G4 Y ; 1J)5.9~ I 6,14 X1 
3th ~ 57 I ' 1ll6.l8 • 5.81 X8 6Lll 181 Y , 1511.JO • 5.18!8 
m 925 y ~ !)O'l.H I !1,Q6 X~ )LfiS H3 Y ~ lm.5~ I 5.QO ~9 

lOth 716 ! ' 1998.0J • J.l1 XI0 19.11 fJ19 . Y ~ 24i~.J I 2.73 Xln 

IICCuro1CY 
(~) 

J6.ll 
53.1n 
lUI 
58.0) 
55.16 
61.51 
68.16 
n.88 
55.11 
16. sn 

_._~_~_~_v ____________________________________________ ~ ___ .. ___________________ -________________________________ · _____ M_ 

Xl t.;sl re~ord yield duril'lg ith monlh . kg 
Y predichd firsL hctatioh milk yield (PM!) - ky 

'" '" '" 
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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 g1ve lowest 

accuracy of' prediction as 42.32 and 29.32 per cent, respectively. 

Similarly for Karan Fries cattle whe'n a single test record 

was used to draw the sample, it was found "(Table 33) that the 7th 

monthly test record under systematic sampling scheme gave highest 

a-ccuracy (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 fitti"ng as 36.12 and 26.80 per c~nt~ 

respectively. 

It is thus "seen from above presentation that ~ 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 

STRATIFIEP 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 Karan 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. Re9ression eqllations and their accuracies for prediction of lactation .ilk yield under lonthly sttatified undol salpled test 
record yields 

Duration of KARAN SWISS BUBD 
p~ rt lar:la tion ------- .. --.-.- ... -----.- _._. _.------- -- .------ .. ----

Rumber of Reqression equaticl8s 
observatio~g 

Accuracy 
III 

Number of 
observations 

KARAN FRIES BREED 

Reqression equations ~ccum:J 

III 

-~---------- ------------------------------------------------------------

!OHIHII IHTEHVAI 

19t 1944 I ' 1m.90 • 4.65 11 . 44.10 0J5 Y , 1215.40 • 4.73 11 18.11 
2nd 1044 Y' 007.05' 5.19 X2 54.04 815 y, m.ll' 5.40 x2 54.l8 
3td 1044 Y ,. 70).24' 6.09 Xl 58.94 m Y' 917.81' 5.84 X3 6U7 
4th 1044 y, m.41. U4 II 58.41 m y, 968.4)' 6.17 x4 68.42 
5th 1840 y, 707.5)' 6.74 Xl 63.01 m y, 18)1.42 I 6.18 X5 62.)6 
6th 1m l' 911.21' 6.18 X6 66.41 014 Y , 1106.12 • 6.38 x6 61.71 
7th 911 1 ' 1138.54 • U) !1 69.86 191 Y , 1]11.15 • 6.19 !1 66.56 
8th m y , 1m.OO • 5.65 X8 6U5 118 y , 1591.48 • 5.56 !8 68.51 
9th 812 y , 1651.18 • 4.44 x9 48.19 120 Y , 2048.19 , 1.16 X9 41.81 

10th 614 Y , llJo.ol • 2.51 110 21.51 ·550 I , 2591.18 • 2.31 ilO .20.99 

Xi test record yield durinq ith month - kg 
~ predicted first lactation Bilk yield (pt\~l - kg 

.... 
'" .... 
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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 

stratified random sampled test record was found to give highest 
accuracy (67.73%) of fitting followed by ~ccuracieB of 66.56% for 

7th month. 62.36 per cent for 5th month, 60.51 per cent for -8th 

month and 60.42 per cent for 4th month. The initial and 

terminating monthly_.test records gave minimum accuracy of 

prediction as 38.14 and 20.99 per cent respectively. 

It is thus seen from above presentation (Table 34) for Karan 

Swiss an'd J{aran Fries breeds that a single monthly test record 

under stratified random sampling scheme could be taken during 6th 

to 7th month of iactation to predict lactation yield with fairly 

high accuracy in both breeds. 

4.6.6 PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF MONTHLY 

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 highest accuracy (73.71%)" of fitting 

followed by accuracies of 73.53 per cent for 7th month, 12.42 per 

cent for 5th month, 70.18 per 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, 

respectively. 

Similarly for Karan Fries cattle. it was seen (Table 35) 

that when a single monthly part record was used to predict 

lactation m1Jk Y1e!O by regression method, the bth monthly part 

record was found to give highest accuracy (75~4"8%) of fitting 

followed by accuracies of 74.10 per cent for 7th month, 73.61 per 



Table 35. lteg"resaioD e~llations and their accuracies for prediction of lactation .ilk yield under .onthly put Jidda 

------------------
DuratiO/l of UR~N SIHSS BR!!D mA' lRI!! 8'e10 
part lactation -----------------------------------------------------

lumber of Re9ression equatioDs 
observation~ 

Acc~ncy 
I, ,II 

Number of 
observations 

Regression e~llation8 Acc~rac1 
(' ,II 

--------------,--------
I 

ht lIIonth lOll I' 125.49' 5,64 II 
2nd IIIClntn 1011 1,521.n.!.!6!! 
3 rd month 1044 I' 482.00. 6.85 Xl 
4th month lOll I, 192.29' 1.ll II 
5th lIIC1nth 1011 I' 516.19,1.69 15 
~th DClnth 1024 I' 191.95,1.18 X6 
7th month 995 y, 1015.18 -, 6.62 Xl 
8th month m r, 1m,10 , 6.06 !8 
~th month 925 1 ' 1611. 25 • 4.68 n 

10th IIIClnth 116 I ' 2120.11 , ;'58 no 

-------
Xi part yield during ith .onth - kg 
~ predicted first lactation lIilk yield (FMY) - kg 

52.91 
64.25 
68.68 
10.1B 
12,42 
73,11 
73.51 
68.00 
50.56 
22 .09 

835 
835 
835 
B31 
831 
B19 
804 
181 
163 
619 

y, 898.04' 5-.14 Xl 
y, 699.61' 6,11 X2 
!, 138.11' 6.39 Xl 
Y' 150.73' 6.82 X4 
!, 710,08'1.26 X5 
Y' 991.33' 1,0[ x6 
Y , 1202.40 , 6.6B I7 
! ' 1459.14 , 6.07 X8 
Y , 2011.63 , 4.29 19 
Y , 2584.41 • 1.38 XlO 

-------

4U9 
60,11 
64.18 
67.61 
13.59 
15,48 
14.10 
66.56 
45,76 
21.49 

~ 

<.n 
w 
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cent for 5th month, 67.61 per cent for 4th month and 66.56 per 

cent for 8th month. The init,ial and terminating monthly part 

records gave lowest accuracy of prediction as 40.59 and 21.49 per 

cent w respectively. 

It is thus seen from above presentation <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 

yield with fairly high'-accuracy. 

VanVleck and Henderson (1961e) 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 corrected data. A linear function of first five monthly 

test records was found to predict ~ complete second record as 

accurately as the tota~ 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 regression coefficients ranged from 

2.64 to 6.44 for single monthly milk yields. 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 highest accuracy 

166.96%) followed closely by 6th month and 9th month. The 

prediction equation based on fifth month's yield was Y = 437.09 + 

7.74 X, where Y = estimated first lactation milk yield, X = fifth 

month's milk yield. Abdel-Aziz et al. (1975) used least square 

analysis method to 

single month yield. 
calculate simple 

They found that 

regression factors based on 

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 equation on the basis of fourth monthly 

part lactation yield which was Y ; 126 • 2.123 K4, where K4 is 

the 4th monthly part lactation yield; this had the reliability of 

72.42 per cent. _00_ et al •. . (1986) reported that total lactation 

yield was best predicted by simple regression on monthly yields 
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in months five to six (R2 = 0.87). Khoda and 

reported that the best predictors of 305 days 

Trivedi (1987) 

milk yield by 

regression method were third, fourth, fifth and sixth month's 

yield. 

Roy and Katpatal (1989) used the -regression method for 

predicting 300 days milk yield based on ~in91e monthly yiel·ds. 

The 4th monthly yield was found to give highest accuracy (74%) of 

prediction followed by 5th month (72%) and 3rd month (71%). 

4.6.7 PREDICTION O~ LACTATION MILK YIELD ON THE BASIS OF 

BIMONTHLY SYSTEMATIC SAMPLED TEST RECORDS BY REGRESSION 

METHOD 

The predi'ction equations and their a<;:curacy for 'predict:-ion 

on the basis of bimonthly systematic sampled t~st records are 

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

When a single bimonthly test record was considered, 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 first bimonth and 38.92 per cent for 

5th himanth. 

For Karan Fries breed, prediction of lactation yield on the 

basis of 3rd bimonthly test record under systematic 

scheme was found to give hig~est accuracy (66.05%) of 

followed by 64.74 per cent for 4th bimonth, 56.16 per 

2nd bimonth, 46.77 per cent for 1st bimonth and 35.80 

for 5th bimonth. 

sampling 

fitting 

cent for 

per cent 

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 

. lactation-milk yield with fairly high accuracy. 

predict 



fable 36. Regression equatioDs and tbeir accuracies for prediction of lactation lilk yieJd under biloath)y 8ystelatic lalpled lest 
record yields 

--------------------
Duration of IARAR SWISS BREiD IARAR PRliS BRiRD 
part lactation -_ .. _------------------------------------------------ --------------------------------------.-----_._---... -----

Hullber of Regression equations Accuracy Number of Regression equaliona· Accuracy 
ODservoltiollS iI) observaliClnB I III 

BIIOR!HLY II!ER!AL 

1st two lonths 1044 y , 885.72' 2.56 n 49.98 m 1 ' 1158.31 • 2.50 Xl 46.77 

2n~ two lonths 1014 y, 757.40, 1.05 12 ·62.0 815 l' WI. 57 • 2.81 !2 56.16 

3rd tltO months 1016 y, 814.60' 1.18 II 65.68 828 Y , 1089.71 • 1.24 XI 66.05 

4th two lonths 978 Y , 1195.51 , 1.01 !4 66.21 796 ·1 • 1451.11 , 2.95 14 64.14 

5th two lonths 848 1·1811.64 , 1.92 15 18.91 692 y , 2272.01 , 1.76 X5 15.88 

-----------------------.----
Ii test record yield during ith bilonth - kg 
1 predicted first lact~tion lilk yield (P~'f) - kg 

... 
'" '" 
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4.6.8 ·PREDICTION OF LACTATION MILK YIELD ON THE BASIS OF BIMONTBL~ 

STEATIFIED RANDOM SAMPLED TEST EECORDS BY REGRESSION 

METHOD 

The prediction equations and thei~ accuracies based on 

bimonthly test records are given in Table 37 for Karan Swiss and 

Karan Fries breeds. 

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 himonth,' -?8.26 per cent for ~nd bimonth, 51.32 per 

cent for 1st bimonth and 22.08 per cent for 5th bimonth. 

For Karan Fries cattle it was found that when a single 

record was used to predict lactation milk yield by regression 

method, 

highest 

64.29 

44.53 

the 3rd bimonthly stratified random test record gave 

accuracy (67.97%) of fitting followed by accuracies of 

per cent for 4th bimonth, 58'.79 per cent for 2nd bimonth, 

p~r cent for 1st bimonth and 21.61 per cent for 5th 

himonth. 

It is thus seen from above presentation (Table 37) that a 

single bimonthly test record under stratified random sampling 

scheme could be taken during 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 

ann- Karan Fries breeds. 



Table 17. RegressiclD equations aDd their accuracies for prediction of lactation lilk yield Ilnder bilonthly stratifid randOi SiII.pled 
test record yields 

------------------
Duration of IARAR SMISS BREED XARAN FRIES BREED 
p~ It lact~tion -------------------------- -- ------------ --- ----------

Number of Regrenion equatiolls 
observations 

Acc~racy 

IE • \1 
Nllliber of 
observations 

Re9ression equations 

------------------------------
B1MO!!HL! I!!ERVAL 

1st two months 1011 1 ~ 90).51 t 1.54 Xl 51.l! 8)\ ! ~ 1190.)0 • 2.45 Xl 

2nd ho month A 1044 1 ~ 822.41 t 2.95 X2 58.25 8)5 Y ~ 99).51' 1.94 Xl 

3rd ho lIonths 1011 1 ~ 951.51' 3.19 Xl 54 .95 814 ! ~ 1105.74 t ).04 Xl 

4U two month A 943 I ~ 1290.81 t 2.85 X4 66.21 718 Y ~ 1537.36 t 2.S) X4 

5th tvo lIIonth 674 1 ~ 212).11 t 1.29 X5 22.08 550 I ~ 1\85.il t 1.18 X\ 

----
x-I test record yield durin9 it~ bimonth - k9 
1 predicted first lactation lilk yield !PKY) - kg 

Acc~racr 
IE .11 

44.5) 

58.79 

57.97 

64.29 

21:61 

... 
'" 0> 



rable 38. Regression equations and tbeir accllracies for prediction I)f lactation .i1k yield un~er bilontbly part yields 

Duration of !IRI! S~ISS BRBBD !IRI! PRIES BRBBD 
part lactation .. -.. ---------_ ........ _-----_. __ .. ------_ .. __ ._----- .. _-----_ .. -..... _ ....... _-_._------ .. __ ._-------. __ .-----

Bomber of Reqr€8'IIil)o equations Acc2raC'y Humber of Regression equ~tio~s AC'C'~racy 
obeervations II ,I} observatione IR ,II 

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

ht bo montbs 1044 Y ~ SD6,81' 1,16 Xl 62,19 81S Y ~ 616.S1 • 1.21 !l 57,17 

2o.d two lIonths 10H y , 101.12 • 1,69 XI 72.15 BI5 y ~ m.1l • 1.12 17 68,11 

lrd bo months 1011 Y ~ 731.91' 1,61 Xl 75,89 814 Y ~ 911,11 + 1.S4 II 17 .49 

4th two lIonths 94J I ' 1177.S1 • 1.17 14 72.n 178 Y , 1174.70 + 1.14 14 71.27 

5th ho lIonths 614 Y , 2104.51 • 1.14 .S 23.70 550 I ' 2569.68 • 1.1l .5 22.67 

ri part yield during ith bilontb - kg 
Y predi.cteed first lactation .ilk yield (PM11 - kg 

.... 
'" '" 
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For Karan Swiss cattle when a single bimonthly test record 

was considered to predict lactation milk yield, the 3rd bimonthly 

part yield was found to give highest accuracy (?5.89%) of fitting 

followed by accuracies of 72.35 per cent tor 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 

lactation yield was fitted on five bimonthly part yields to 

examine the maximum accuracy of prediction. 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 1st and 22.67 per cent 

for 5th bimonth. 

It is thus s~en from above presentation (Table, 38) that a 

single bimonthly record could be drawn during 3rd bimorith's 

lactation period to predict lactation yield with fairly high 

accuracy in both the breeds. The prediction based on bimonthly 

part yield determined higher accuracy than bimohthly systematic 

and stratified random sampled test records in both the breeds. 

The 

bimonthly 

(66.21%) 

minimum 

maximum 

bimonth 

prediction of lactation milk yield on the basis of 

systematic test record~ reveals that the maximum 

accuracy of fitting was obtained during 4th bimonth and 

(38.92%) during 5th bimonth for Karan Swiss cattle and 

(66.05%) accuracy of fitting was· obtained during 3rd 

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 Swiss 

cattle and maximum (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 $imilar but lowest acr.uracy was higher under 
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systematic sampling Bcheme as compared to stratified random 

sampling scheme in Karan Swiss breede The maximum accuracy 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 ~a6 obtained during 3rd 

bimonth ahd minimum (23.70%) accuracy during 5th bimonth in Karan 

Swiss breed and m?.ximum (77 .. 49%) accuracy of fitting during 3rd 

bimonth 

breed. 

lactation 

and minimum (22.67%) during 5th bimonth in Karan Fries 

It is thus found that the accuracy of prediction of 

milk yield on the basis of bimonthly part yield was· 

higher than that obtained under systematic and stratif ied ran'dom 

sampled test records in both breeds. 

Lamb and· Young (1968) found that laotation totals for milk 

ahd fat estimated from bimonthly tests by several different 

computational procedures generally had small positive biases 

(upto 2%). McDaniel (1969), reviewing 

cattle, observed that errors in milk 

different reports on 

yields computed from 

bimonthly samples were about 30 per cent 9rea~er than those based 

on monthly tests a He was of the. opinion that accurate, cow 

ranking and progeny testing of bulls could be based on samples 

taken as much as two months aparta 

A comparison of accuracy for prediction of lactation ~ilk 

yield on the basis of bimonthly part yield with the two sampling 

schemes reveals that the higher difference of 9a68 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 c.ent 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'B period of lactation 

in both breeds. 

4.7 OPTIMUM COMBINATIONS OF TEST RECORDS AND MULTIPLE LINEAR 

REGRESSION EQUATIONS FOR PREDICTION OF LACTATION MILK YIELD 

4.7.1 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK 

YIELD ON THE BASIS OF FORTNIGHTLY SYSTEMATIC SAMPLED TEST 

RECORDS 

Simple 

fitted to 

linear and multiple linear regression equations were 

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 -f.itting the multiple regression 

model was considered to be the optimum. The forward 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 cattle, it was found that when only 

one test record was used for prediction of lactation yield, the 

13th fortnight systematic 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 

obtained 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) •.. -



Tabl~ 39. Pred!cti~1I equations lid their accutilc, for esUlatioD of IaCbUOb .ilk yield utlder fortnightly ,ystnatic lIaiplibg acheJe lith -beat" 
eOE>lD.1tloD of teat recorda 

----~-----

Breed RD. of Best prediction regression equations ~c~uracT test records III 
-----------------------------------------------------

i5 I , 1018.59 • ll.mll n.ll 
IF ! ' 1208.81 • 11.66m 68.01 Both ! ' 1069.12 • 1 .lBXll 61.16 
15 !, m.lI t 1.1111 t 9.22Ill !I.ll 
11 2 I' m.Bl t 6.18%) t 9.60112 ~3.59 aoth I' 325.19 t 7.29!1' 9.35!13. 1.ll 
IS I' 278.71' 7.0m. 5.ml! • 5.0a!l7 92.37 
!P I' 279.39' 1.3m. 1.88lll • 1.15111 92.11 Both I' m.95'. 1.25!1 t 5.llIB t 1.12!l7 93.02 

IS I' 203.11' 4.85!1 t 3.16X7 • 1.22X13 • 5.26!ll 91.01 

" I I' 231.19' I.m). ).Im • 1.6UKll .1.1Im 91.)) 
Both I' m.99. 5.5511' ).7519 • 1.IBXlJ .5.11Xl1 94.66 

IS I' 181.16' 1.5511. 1.2m • I.mll • 1.48XI1. 2;12X1! 95.62 
IF 5 I' 209.99 t j.8m. 3.9916 • 1.6m2 • ).87111 • 2.01119 95.98 
aoth I' 111.11. .3511 t 1.2819 • 1.19XlJ • 3.ml1. 2.IOm %.10 

IS I' m.ll' 2.20!l' 2.9814 • !.1m t I.SUll , 3.ml?, 1:91Il9 96.46 
iF 6 I' m.)O' 3.6on. 3.0116' 2.11rl0 • 3.ml2 • 3.79!1 • 2.15119. !1.80 Both I' 91.21 t 2.1512' 3.3811 "'.11" • 3.77Ill t 3.11117 t 1.9m9 7.01 

'5 I' 15.11 t· 2.3112 t 2.61I1 t 3.11Xl t 2.95m ,3.01113 t 1.11Xl7 t lo06!l9 97.31 

" 1 I' 171.08 t 2.0512 t 3.18l3 t 3.1116 t 2.72110 • 1.40112 t 2.lnl7 t 2.IDXl9 91.35 
Both l' !U2 t 2.m2 t 2.2m·. 2.3116 t 3.2919 • l.mll t 1.39m • !.OlXl9 97.51 

" l' 11.18 t 2.3512 t l.59X4 t 3.lm • 2.10m , 2.05113 t 2.21X15 I 2.09111 • 2.0lI!! 91.11 
If I Y ~ 116.83. 1.101j t j.m3 t 1.lm t H1I10 • 2.mll t 2.IIXI5 t 2.15XJ1 t 1.91111 97.11 Both I' 66.61 t 2.291 t .0914 t .ms t 2.3m t 1.10m • 2.mlJ • 1.21111 • 2.01m 91.96 

!S y, 66.69' 2.311l t 2.1Ul' 1.32x7 t 1.9119 t 2.0llll t 1.90m • 2.m15 • 2.lom t 2.11111 98.06 If 9 I' 106.58' 1.1912 t 1.99X3 t 2.0315 t 1.8818 t 2.lIllO t 2.12112 t 2.13115 t 2.mp • 2.42119 18•05 80th I' !l.Il' 1.1212 t 2.1l!! t 2.1B16 t 204m t l.lJllI t l.mll t l.G9!15 t 2.1117 t 2.01!l9 8.11 
,s I' 6!.11' Lim, I.lm t 1.5415 t 1.1817 t 1.81!9 t I.mll t l.ml3 t 2.28115 t 2.01XJ1 t 2.lm9 98.21 

" 10 y, 81.31 t 1.9112 t J.90l3 • 2.0m t 1.1618 t 1.66110 t 1.19Xll t L36112 t 2.52115 • 2.11117 • !.06I19 91.26 Both Y ,. 51.21 t 2.Jil2' 2.1111 • 2.lII! t 2.3119 • 1.1OI1l t 1.8lI1l • 2.10115 t 2.29!11 t 1.19m • 0.911l0 91.1! 

------------------------------------------ ---------------------------------------------------------------------------------------------------
contd ••••••• 

.... 
0> 
W 



cODtd •••••• table J' 

8reed Ro. of 
test recods 

-- -------------
Best prediction re9ression equationl Accuracy 

III 
---------------------------------------------------------- --------------------------------------------------------------
!S !, 5l.ll + 2.1812 , l.~m + 1.SS!5 , 1.8l17 , 1.8l19 + 2.04!ll + 1.81113 + 2.33llS + 2.06111 + 1.29119 + 98.4~ 0.88120 
IF II j' 98.ll + 1.9lX2 , l.!9Xl + 2.0~1~ + 1.17X8' 1.61Xl0 , I.mll , I.l~Xl2 , 25lm , 2.32111' 1.lm9 , 91.11 0.94120 
80th j' 55.9~' 2.2m , 1.9111 , 1.80X~ , 1.5m , 1.~219 , 2.05m , 1.~9Xl3 , 2.2lXl5 , 2.2ml , I.Hm , 98.61 0.m20 

!S j, 10.10' 0.8m , !.SOXl + I.ml , !.SIXS , 1.8211 , 1.8m , i.03Xll , 1.9lXll , 2.2Ul5 , 2.0ml , 98.60 l.l2119 , D.8~!20 
II 12 I' 15.29 + l.~m + l.lIll' 1.5011 '1.5116 , 1.~218' 1.13110 '1.69m + 1.31112, 2.5/11S , 2.lSXl1 , 98.63 1.11Xl9 , 0.95m 
Both j' l5.16 , 0.9m + 1.5m '1.9m + 1.8311 , 1.5~18 , 1.6219 , 2.03111 , 1.11Xll , 2.lm5 , 2.20111 , 98.81 1.23Xl9 , 0.90120 . 

!S j, 10.81 + 0.8311 , 1.liIl , I.ml , 1.6115 , 1.1111 , 1.9419 ' 1.99<11 + 1.811ll , l.ml5 + 1.28116 , 98. Jl 1.54111 + 1.19119 , 0.85120 
IF 13 I' 41.11' 1.81ll + 1.0m, l.l8Xl '1.5111' 1.6116 '1.6718' 1.66!1D + I.mll + 1.1LX12 + 2.5m5 , 98.18 

2.29Xl1 + 1.16119 , 0.91120 . 
Both I' 33.99 + 0.9611 , 1.1511 , 1.8914 + 1.7116 , I.me + 1.1519 + [.l1!la , 1.60111 + l.mIl + 2.l5m + 98.91 

2.20111 + 1.22!19 , 0.91120 

IS I' 10.19 + 0.86Xl + I.I~12 + I.~III , 1.~1X5 , I.ml + 1.8819 + 1.IOm , 1.11Xl2 + I.mll , 1.55llS , 98.81 1.28Xl6 + 1.55111 , 1.21119 , 0.81120 
IF II I' 15.17.0.8911 + I.om • l.l9Xl ,1.5811 + 16116 • 1.61lS , 1.51110 + 1.6l1ll + I.D~ll2 • 1.53IU + 98.93 1.15ns + 2.01Xl7 + 1.1~!l9 , 0.93120 
Both I' 31.19. 0.9lXl , 1.5612 , 1.8211 , 1.71X6 , 1.1618 • 1.1619 + 1.21110 , 1.E2l11 , 1.~81ll , I. 201m , 98.99 1.61!l1 , 0.98118 , 0.91m , 0.90120. 

,s I' 36.l8, 0.85!l '1.1512 '1.~DXI. 1.~615 + 1.6m , 1.9519 '1.m11 , 1.20m. 1.111ll + 1.501lS , 98.90 
1.21116 , 0.9m) , 1.11118 X 0.98119 • 1.8mo 

IF IS !, l8.~1. 0.9111 , 1.0ill • 1.1113 • 1.~0II , 1.4816 , 1.2118 , 1.1119 • 1.09110 + I.I8m + 1.91Xl2 , 99.0l 
1.52114 , 1.12115 , 2.101ll , 1.20119 , 0.89m . 

B<>tI y, 21.ll' 0.9m , I.Im , 1.1411 , 1.0115 , l.lI!~ , 1.31X8 , I.nn , 1.25110 , 1.58m + 1;7nll , 99.D1 
. 2.01Xl6 • 1.58111 + 1.08X18 + 0.91119 , 0.88120 

-------------------------------------------------------------------------------------------.------------------------------------------
contd ••••••• 
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'"'td.... ubI. Jj 

----------------------------------------------------------------
Breed Jfo. of 

test r~cords 
Best prediction reqressiol equation. ~cc!.lraar 

III 
-----------------------------~--------------------------------------------------_.,,----------------------------------------------------

IS Y - 15.111 a.l!Xl + LIm I I.HrI i 1.11151 1.IIIS I J.ll!1 I 1.8119 I 1.3ill! I 1.111111 1./llll + 11.99 1.16!11 I 1.11116 I 1.00111 I 1.09118 I 0.91X19 10.Sl110 
KY 16 Y - 3U4 I o.nn I 1.0m I I.U!J I 1.1l!! I 1.1616 , Mill I 0.9m , !.Omo I 1.lllll + MII11 + 99.10 1.lml , 1.1ml + 2.U!l7 , l.mU , 1.89120 . 
Both Y - 29.211 1.96Kl , 1.4m I 1.15111 J.lall , 1.2916 I 1.m8 I I. 1m I 1.lIm I 1.11Ill + J.26l1l I 99.11 1.15111 + 1.56!1l + 1.5al11 , O.m18 , 0.9m9 , 0.88120 . 

IS Y - 31.69 I 0,8m + 1.3m , 1.4114 + 1.1915 , !.Om , C.9111 , 1.0S18 , 1.1019 + I.Hll! I 1.11112 I l!oll 1.4il13 I 1.lml , l.am6 , 8.19!l7 , 1.11118 , Mll1l + i.8lX1i 
IF 11 Y - 32.14' C.8lJl + U1Xl I 1.l2IJ + l.ml + LIm I 1.10!? • I,ml , ]'Im • 1.01110 • l,mlJ , 99,16 O.9J!U , l.sm4 + ]'6SI15 + 1.61111 , 0.19118 , C.9m9 , o.!2m 

Both Y ~ 26.811 0,9CllI LIm I 8.illl' ],1614' 8.9115' 1.1l16' I,ms, LIm '1.IllI8 11.mH.' 19.20 1.27113' 1.111H + 1.16X15 , 1,m17 10.9mB' C.96I19 • 0.86120 . 

IS y" 26.18 + 0.9111 • 1.4212 + 1.38X4 t 1.12X5 t 1.04l6 t o.n11 t 1.3lX8 t 1.0519 + I.OUlO • 0.95X11 + !I,ll !.11m, 1.11111 'I,SUIl , 1.01116 f 8.99m , 1.16m f g,96119 f M8W 
!F 18 Y - 32.3 ,~,!On + 1.lm , 1.1111 , 1.1211 , 1.2316 , 1.0211 , ~.!7x8 f 1.0119 , 1.02110 + 1,18!11 f 92,12 

0.90112 , I.mll f 1.381lS , 0.9lXl! f 1,2Ull , 1,1lI!8 + 1.12m , 0,9mo 
Botb I - 26.48 + I.ml + 1.1612 I 0.86!3 + 1.1114 , 1.0015 , 1;2 II , l.llX8 , 1.1119 + l,lIllO , 1.49Tll f 99,IS 

1.21r1l + J.4lrJ1 , 1,lml , 8,91116 , 1,10m , 8.95l1! , 8.!1!19 , 0,86120 

IS 1- 29.n, o,nn 'j,1lI1 , 1.3314 , l,ml + 1.0016 '1.9111 , l.mB , 1.0819 , 1.00110 + O.!llll , 99,11 
1.02!U 'I.om ,O.IOIlI' 1,12ll5 , a.98l16 + a, 9Xl1 , I.Im8 , 0.96119 , 0.82120 

IF 19 1- 30.8!, 8.91X1 + 1.1112 , 1.lm , I.HXI , 1.2111 , 8.9ll7 , i,1718 • 1.8J!9 , 1.02110 + 1.33111 f 99.27 
0.6112 + 0.90113 '1,06111 '1.11115 f 8.91116 +1.20111 , B.7Sl1B + 0.171l9' 1.91120 

Botb 1- 23.24 + 0.89n '1.1ll! + a.86!l + l.pu, 0.8m , a.9416' o.ml , I.lm, I.om, 1,0!llO.+ 99.10 
l.48Xll , 1.mIJ + 1,09Xl1 '1.1511 '1.9m6, LIOXll + 0.95118 , 0,96119 , 0.81120 

IS 1- 23.87, 0.8811 , 1,1111 , 8,7113 , 1,1m , 1,om , 0.9016 + 0.9lKI + !.Om , LOU9 , 0.9!!10 + 99,13 
0.90111 I 1.0m2 + o.mIJ , 0.91ll! , 1.141\1, 0,9!Xl1 +0.95m f 1.16118 , 0.9m9 , 0,79ll8 

!1 28 Y - 27.29' 0,9311 + 1.01ll + 1,011l , 1.1114 + 0, IXS , I.om , 0.8911 , 0,9118 , o.!819 , 1.0Sll0 , 99.11 
LIlIII + 8.66112 .. l,mIJ , !.Oml , l,lIrU , 1.91ll6 , 1,2Im , 8.78!IS. Mllll , 8.m2! 

Botb I - 24.23 + 0.9m , 1.1212 I C.89XJ 'I,UII , 0.9m , 0.9111 + o.ml , 1.0618 , 1.0m I 1.01110 + 99.31 
1.11111 + a.83m, "'SIll + 1.02ll1 + 1.121lS , 8.9SIJI , 1,12X11 , 0,9I!18 • 1.911l9 , 0,81120 

~~~est -;:;d;ielil du~~;-~th-;~~il-h~-~~~~~~~;;-~-k;~-------~--~-~-~---------------~--------------------------
y ~ predicted lactation lilk yield (PIn . kg 

.... 
'" '" 



166 

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 systematic sampled test record gave highest 

a.ccuracy (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 9.ave highest accuracy 

(83.59%) of fitting. Further, wnen 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 

(9~.32%) of fitting prediction equations was found in Karan Fries 

breed (Table 39). 

It is thus seen from Table 39 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 

records taken during 3rd, 12th and 17th fortnight for "Karan 

Fries would be adequate for prediction of first lactation yield. 

4.7.2 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK 

YIELD ON THE BASIS OF FORTNIGHTLY STRATIFIED RANDO~ 

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 number 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 -Ta"ble 40.-" 



Table 40. Prediction equatioDs and their accuracy for prediction of lactation ,ilk 7ield'under fortoightl7 stratified randol sa'pling scke.e 

Breed 10. of 
teat records 

kS 
k1 1 
Both 

IS 
K1 2 
Both 

kS 
!1 3 
Doth 

KS 
!1 I 
Doth 

" 11 5 
Both 

KS 
11 6 
Both 

kS 
!1 7 
Doth 

kS 
tF 8 
Both 

IS 
11 9 
Both 

IS 
11 10 
Both 

----------, 

Beat prediction regreasion eguatioDs 

---------._-------------------------------------------------------------
Y , 1011.18 • 12.86Tll 
Y , 1192.99 • 12.BOI12 
Y' 999.27' 13.51112 

Y' 360.82' 7.0771' 9.18!13 
Y, m.26' 6.m3' 9.82,12 
Y' 314.88. 6.9911. 9.79!12 

1, 303.72' 6.9311' 6.61TlJ • 3.90118 
Y' 302.96. 6.1013.7.66112. 3.86119 
Y' 261.!J' 6.7111. 5.52112 • 5.18111 

y, 212.05. 1.2511.1.3817.5.41113. 1.22f18 
y, 230.28. 1.3713. 3.9418 • 5.65112 • 1.24118 
Y' 211.25. 4.6811' 3.4917 • 1.32112 • 5.69111 

y, 210.51. 1.3711' l.liT7 • 3.75113 • 7.21115 • 3.20118 
y, 193.03. 4.1113' 3.9078 , 3.m12 • 7.85115 • 2.81118 
Y' 183.45' 1.1911' 3.8217 • 1.4m2 • 1.07m • 1.90119 

y, m.13' 2.1717' 2.6111 • 3.ml • 7.52113 , 3.20116 • 3.01!19 
y, 180.00' 1.1717 j 1.0578 • 3.m12 • 3.67f15 • 1.60118 • 1.11!l9 
!, m.59. 2.78'2' 2.8014 • 3.6017 • 4.67117 • 3.90Tll • 1.85119 

y, 108.43' 
y, 148.61. 
Y , 92.64 • 

!, 100.06. 
y , 88.51 , 
! ' 75.20 • 
y , 87.16 + 
1 ' 64.04 + 
y , 71.26 • 
y , 87.38 • y , 74.03 • 
y , 69.99 • 

2.3812 • 2.5311 , 7.m8 • 2.55111 , 2.57T13 • 3.12115 • 7.09118 
7.7Bfl , 2.2115 • 3.2018 • 7.77112' 3.7ITl5' 1.611l8. 1.51m 
2.1812. 2.m4 • 7.4917 • 7.06112 , 2.87!14 • 2.11117 • 1.79119 

2.36!3 , 2.m5 , 2.1718 • 2.72!1n • 2.52TlJ , 3.0m6 • 1.7l!18 , 1.57119 
1.16!1 , 2.5717 , 2.1215 • 7.27!8 • 3.17!17 , 3.67115 • 1.61118 , 1.45119 
2.49T2' 2.42T4 , 2.4817 '2.2819 • 2.12!12 , 2.58!!1 • 2.72117 • 1.89119 

2.37!2 • 2.2911 • 2.20!7 • 1.84!9 • 1.91!10 , 2.30713 • 7.01115 • 1.80!18 • 1.51120 
1.17!1 , 2.4817 • 1.98T5 • 2.5018 • 1.90110 , 2.UT12 • 7.67'15 , 1.62T18 • 1.4lTU 
2.16!2 • 2.4Ul , 7.4817 , 2.26!9 , 2.27112 '·1.65111 • 1.85115 , 2.09Tll • 1.85m 

2.38!3 • 7.3714 , 2.l1!7 • 1.79!9 • 1.10!10 • 1.62112 , 1.46Tll , 2.86!15 • 1.85118 • 1.10!l9 
.1.7011 , 2.16!3 • 1.9915 • 2.56!8 • 1.91110 , 2.43112 , 2.52T11 • 1.64116 • 1.291li • 1.171U 
2.4512' 2.4114 • 7.m7 • 1.5519 • 1.62110 • 1.72112 '1.56111 • 1.87115 • 2.10117 , 1.861U 

--_._----_. ---------------.----. --------_._-

AccuraC7 
III 

68.12 
68.17 
70.05 

85.55 
84.02 
84.74 

91.77 
91.65 
!l.Il 

91.18 
93.93 
91.50 

95.78 
95.88 
95.99 

96.]7 
96.63 
96.78 

91.04 
91.24 
91.50 

91.65 
91.58 
91.96 

91.90 
91.90 
98.18 

98.10 
lB.14 
lB.l5 

coo.td ••••••• 

,... 
'" ..., 



contd ...... table tU 
------ ----------------------------------
Breed fio. of 

test records 
Best predicticlh regression equations Accuracr 

III 
-------~-------------------------------------------------------------------------------------------------------------

IS !, 12.81' 2.11T2 • 2.34N • 2.1lT7 • 1.65T9 • 1.19110 • 1.67112 • 1.15T13 • 2.19115' 1.39Tl7 • 1.2111S • 
1.45119 

11 11 !, 71.21' 1.1911 • 2.1611. 1.3615 • 1.6216'1.9418 • 1.83110 • 2.37!1l. 2.45115 • 1.7IT16 • 1.11Tl8. 
I. 44T19 

Both !, 71.19' 2.lIT2 • 2.o!TI • 1.1616 • 1.5817 • 1.3m • 1.5IT10 • 1.71112. 1.54114 • 1.10115 • 2.IOm • 
1.89119 

IS !, 75.60' 2.11T2' 1.64T4 • 1.5815 • 1.7411. 1.1819 '1.34110' 1.71!1l. 1.l2TlJ' 2.19T15 • 1.15111. 
1.14'18 + 1.41TII 

IF 12 !, 75.28. 1.2m • 2.1813 • l.14T5 • 1.59T6 • I.94TB • 1.65110 • 1.7411l • l.4lflJ • U8'15 • 1.58116 • 
1.29118. 1.l4m 

BoU !, 12.16. 2.2m • 2.03N • 1.4216 • 1.54TJ • 1.48'9 • 1.47'10 • 1.15TI2 • 1.19114 • LilliS • 1.57Tl7 • 
1.06118 • 1.4BI19 . , 

!S !, 61.64.0.9111.1.1912. 1.5611 • 1.58!5 • 1.7m • 1.4519 • 1.43110 • 1.67112 • 1.4lTll • 2.15115 • 
1.28118. 1.IlTU 

11 lJ !, 72.19' 1.1911 • 1.IITl • 1.l1T5 • 1.5916 • l.m8 • l.mlO • 1.11111 • 1.41111 • l.ml5 • 1.59116 • 
1.2IT1B • O.89T19 • 0.65110 

Both I' 54.51. U5T1 • 1.6112 • 1.9511 • 1.1116 • 1.5117 • I.4m • 1.50110. 1.80m • 1.48114 • 1.81115 • 
1.52111 • 1.06118 • 1.45111 

IS !, 57.72.0.9011.1.4812. 1.51T1 • 1.5915 • l.m9 • 1.11110 • 1.11112' 1.10113' 2.18115' 1.29T11 • 
1.21T18 • 0.151U • 0.59120 

IF 14 !, 58.25. 9.34Tl • 0.9m • 1.161) • l.m5 • 1.12N • 1.9118 • 1.85T10 • 1.65112 • 1.19113 • 2.01115 • 
1.53116 • 1.19TII • 0.91T19 • 0.63120 

Beth y:: 54.31 ~ ~.78rl + J.22T2 f 1.1613 f 1.421. t 1.3516 f 1.431'7 f !.45r9 t Lm'lO f 1.32712 I 1.54TH I 
1.83115 • 1.17117 • 1.08118. 1.11TI9 

" ~:: 52.'0 f 0.8411 t 1.081'2 I l,'13T3 f 1.101'4 t 1.4615 I i.6GT7 t 1.46T9 + 1.48110 + 1.55112 t'1.44t13 , 
2.21115.1.29112 • 1.25T18 • 0.92119 • 0.60120 

11 15 I' 60.01' U9T1 • 0.9612 • 1.6913 .1.2415' 1.5116 • LIlli • 1.11110 • I.HT12 • 1.18m • 1.81m • 
1.02Tl6 • MBTll • 0.93119 • O.HIIO 

Botb !, 12.11. 0.76rl • I.ml • 1.1013 • 1.4111 .1.3416' 1.11r7 • 1.16T9 • 1.11!10 , 1.82112 • 1.ml4 • 
1.85115 • 1.11117 • 1.03118 • 0.92119 • 0.63120 

-------------------------------------------------------------------------------~--~------

98.30 

91.38 

98.49 

91.11 

98.14 

98.64 

91.65 

98.66 

98.11 

91.71 

98.11 

98.87 

91.86 

98.81 

98.97 

cORtd ..... .. 
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For Karan Swiss it was found that when a single test record 

was used for prediction of lactation milk yield, the 13th 

fortnight's stratified 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 fortnight's test records gave highest accuracy (85.55%) of 

prediction. These two best combinations of test records gave 

higher (17.35%) acc~racy than single test record sampled. 

Further when three samples were chosen, the highest accuracy 

(91.37%) of fitting the multiple regression model 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 0"£ coefficient of determination than two" 

test record combinations. When more number of test records were 

prediction, the accuracy of fitting the 

models increased but at slower rate. When 

test records were considered, the highest 

multiple 

all 20 

accuracy 

chosen for 

regression 

fortnightly 

(99.23%) of fitting the prediction equations was observed 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 (68.47%) 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 

cho"sen 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 18'th 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 19th 

fortnight for Karan Fries breed would be adequate for pr~diction 

of first lactation milk yield based on f.ortnightly stratified 

random sample test records. 

4.7.3 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK 

YIELD ON TBE BASIS OF FORTNIGBTLY PART LACTATION YIELDS 

The forward selection stepwise regression analysis models 

were fitted to predict th~ lactation milk yield conSidering the 

various .qombinations of fortnightly part lacta~ion Y,ields. The 

prediction equation which required minimum 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 yield 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 yields in 

Karan Swiss breed. When more number of lactation records were 

chosen for prediction, ,the accuracy of fitting the multiple 

regression models increased but at slower rate. When all 20 

fortnightly 

(99.91%) of 

swiss breed. 

part 

fitting 

yields were considered, the highest accuracy 

the prediction equation was observed in---Karan 



Table U. PredictioD eqllatioDI and thei.r accuracy for edi~iltion of lacliltion .ilk yield under fortD.iqhtJ} part lactation .il~ yi.eld 

----------------------------------------------- ----------------
Breed Ro. Clf Best preifictioll re9reasiClII eqllatiotls Accurac1 

test reeords 1\1 
------------- -----------------------------------------------------------------------
KS 1, 911.36' 13.10P13 12.13 
K1 1 1 ' 1011.81 • 13.85P12 71.30 
Both l' 876.50' 11.16P12 75.06 

KS l' 211.15 f 7.80N' 9.50P13 10.61 K1 l' m.68' 6.83P3 '10.36PIl n.12 
Bot~ l' 112.10' 6.98P3 '10.JlPIl 89.21 

KS j, 171.99 f 1.81P4, 5.mlJ ,1.12P17 95.92 
'P 3 j, 119.92' .. 1m, 6.38P12 ,5.19P17 15.71 
Bot~ l' 111.l1' 6.m3, 6.28Pll • 5.ml1 96.19 

KS l' lll.n. 5.IOPI. 3.57P8 • I.mll • 5.11P17 97 .02 
K1 I l' 1ll.84' 5.0m, 3.62PI' 4.30P12 • 5.77P17 9S.91 
Bot~ 1, 103.01' I.om, 3.70P8 • 1.29Pl2' 1.75Fl1 97 .32 

KS 1, lOS. 57 • 5.5SPI' 3.97PI • 4.36Pll • 1.82p19 !B.19 
K1 l' 91.23' 1.!lP3' I. 1m • l.m1l f 3.lIP17 , 1.15m 91.51 
Both j , 10.35 f 1.8m f l.liP8 f 1.4lPll f 3.99117 • 1.81P19 91.53 

KS 1 ' 55.31 f 1.61Pl' 4.l1P4 fum f 1.51Pll' 1.19PI9 98.67 

" 1 ' 82.56 f 1.9lPl' 1.2lP8 • 2.8lPll f 2.mu • 2.90P17 • 1.83P19 98.87 
lot~ j , 11.71' 1.97P3 + 1.IIP8 + 2.11Pl2 • 2.7lP1I + 2.8iPl7 • 1.84P19 98.92 

" 1 ' 31.11' 1.81Pl + 3.15'4 • 2.6IP8 + 2.llPJO + 3.40P13 + 3.26P17 f 1.86P19 99.01 
'1 1 ' 21.02' I.HPI' 3.m3 • 1.38P8 + 2.81Pl2 • 2.59111 + 2.76P17 f 1.79P19 99.12 
Both 1 ' 77.09 + 3.60P3 + 2.32P5 + 3.19PI • 2.16P12 • 2.6lPll + 2.95P17 f 1.86P19 99.14 

IS 1 ' 31.68' 1.76Pl + U6P4 f 2.69P8 + 2.75PI0 + 2.22P13 + 2.19P15 f 2.20Pl1 • 2.90P19 99.35 
IF 8 1 ' 20.01' 1.11P! f 2.m3 • 2.26P5 ,3.m8 + 2.81P12 + 2.61P14 • 2.87P17 f 1.8IP19 H.ll 
Both 1 ' 1l.14 f I.IIPI + 2.30P3 + loS2P5 f 3.28P8 + 2.86Pl2 f 2.62PII.+ 2.80P17 f 1.81Pl9 99.39 

KS 1 ' 32.21' 1.83Pl + 2.91PI + r.87P6 , 1.92p8 f 2.S1PI0 , 2.m13 , 2.10P15 , 2.11117 + 1.94Pl9 99.19 
KP 9 1 ' 21.58 + 1.1JPl' 2.IOPl + 2.27P5 , 2.13P8 + 1.88Pl0 , 2.m12 + 2.61P14 + 2.90Pl1 , 1.83P19 99.19 
Bot~ I ' 21.69' 1.16Pl' 2.l8Pl , 2.l7P5 + 2.38PI • 1.85m + 1.97P12 , 2.56Pl1 , 2.8lPl7 + 1.86P19 99.15 

IS I ' 28.53 + 1.81Pl + 2.91PI , 1.89P6 , 1.91P8 + 2.62PI0 + 2.mll + 2.10P15 + 2.21P17 , 1.1IP19 + i.54Pl0 99.11 
!P 10 I ' 21.87' l.42Pl, 2.l0Pl + 1.11P5 • 2.12P8 + I.9lpl0 + 2.01P12 + 2.61P14 , 2.29Pl1 , 8.92P18 + 1.5lP19 99.19 
iot~ I ' 21.62 I 1.4IPI + 2.25PI , MIPS, 2.13P8 + !.05PI0 , 1.99PI2 , 2.57PII , 2.25'17 + 0.90p18 + 1.52P19 99.62 

----------------------
cootd ....... 

.... .., 
N 



contd •••••• table 41 

Breed No. 01 

IS 

II 

Both 

IS 

" Roth 

IS 

If 

Both 

IS 

If 

Both 

" 
!f 

Both 

test recorda 

11 

12 

lJ 

II 

IS 

-----------_. __ . 
Beat prediction regression equations AcclIracr 

III 
--------------------------------------------------------------------------------------_.--------

I' 23.51' 1.06Pl , 1.1212 , 2.11PI , 1.9016 , 1.0010 , 2.63P10 , 2.36'13 , 2.11'15, 2.16Pl1 , I.IlP19 , 
0.54120 

I' 20.93' 1.36PI , 2.3613 , 2.lI15 , 2.31PS , 1.05PlO , 2.05Pll , 1.56PII , 2.11P11 , 0.94118 , 0.98119 ' 
0.58120 

I' 22.80' l.ml , 1.26P3 , 2.m5 , 1.29PO , 1.11'10 , 1.99Pl2 '2.51114 , 2.11P11 , 0.9IP18 , 1.01'19 , 
U6PlO 

I' 20.63' 1.00PI , l.48Pl , 1.16'1 , 1.91" , 1.9218 , 1.51'10 , 1.19'11 , 1.96'13 , 2.15'15' 2.11'17 , 
1.11119' 5.75'10 

I' 14.19' 1.IIPI , 2.1913 , 2.m5 ' 1.38PO , 2.0mO , 2.0211.1' l.lIPII , 1.40'15 , 1.62P17 , 0.90P16 , 
1.00119,0.51P20 

\' = 26.78" 1.41PI I 2.2~pl ~ ~.Hp5 J 2.32p8 f 2.Hp16 + ].96P12 + J.SOPU + 1.51P15 + 1.78P11 ~ 0.90P18 • 
1.03'19,0.56120 

I' 20.17' 0.99PI , 10m2, 2.0914 , 2.0116 , 1.9610 , 1.16110 , I.mll , 1.98'13 , 2.J,?p15 , 1.61117 , 
0.01110 , 1.09P19 , 0.18P20 

y, 17.26' 1.ml 11.2613, Ul'5 I 1.13p7 11.11,8' 2.07Pl0 , 2.mll , 1.59P11 I 1.16'15 I I.OIPl7 , 
0.92118 , 0.99P19 , 0.57P20 

I' 21.09' 1.IlPI I 2.m3 , 1.90PI I 1.10'1 , I.mo , 2.0mo , l.ml2 , 1.57'14 I l.ml6 !.1.16Pl1 , 
0.9lP1O' 1.01P19 , 0.56Pl0 

I, 10.31' 0.98PI , 1.52'2 , 2.01P! I 1.99,6 , 1.96'8 , l.mo , l.mll I 1.11P1l I O.mll , 1.6I?15 , 
1.61P17 , 0.81,18 , 1.10'19 I 0.50110 

I' 16.00' 1.17'1 I 2.llP3 , 1.96P5 , 1.38Pl I I.mo , 1.06PlO , 1.60PI2 , 1.06P1l , 0.09'11 , 1.11'11 , 
1. ml7 , MIPIO I I.mu I 0.17Pl0 

Y = 18.70 J L07Pt I 0.89P2 + 1.66P3 + 1.91P5 f 1.~2p1 + 1.40P8 + 2.12Pin t 1.931'12 I 1.E2P14 + 1.~1P15 t 
1.76PI7' 0.91P1O , 1.03P1l , 0.16120. 

I' 21.00' 1.00Pl I 1.19'2 , 2.09P! , 2.0m I 1.9010 , 1.12PlO , o.mll ' O.97Pll I I.oom , 1.05111 , 
1.6JPl5 , 1.66Pl7 • 0.01118 • 1.11119 , 0.51P20 

Y = 13.40 + 1.4nt I 2.24P3 + 1.92P5 + 1.31P1. 1.50P8 + 1.5Ep16 + l.aOPll + 1.0.P12 I 1.17P13 + O.82PH t' 
1.50PlS, l.l0pl7 , 0.91PI8 , 1.01119 , 0.18120 

I' 10.10. I.OIP! • 0.91P2 + 1.6413 • 1.99P5 , 1.43,7 '1.3918 ,1.IOPIO' 1.92P1l • I.mll • 0.93P15 , 
0.91P16' l.lIPIl , 0.91118 • 1.01lI9 , 0.16120 

19.61 

99.67 

91.61 

91.11 
91.71 

99.76 

99.77 

99.10 

99.00 

99.79 

99.81 

91.01 

19.82 

91.8J 

99.01 

contd ....... 

... 
" Lo> 



contd .... table 41 
--- ----------------

Breed Mo. of Best predictioll regression equations 
test records 

------- ----------------- ~------- -----------------------

" ! - 21.46' 1.67PI , 6.YlP2 , I.Gm , 1.19P4 • 1.9!P6 • l.!IPI • 1.55PIG / G.97PII / G.m12 /0.93'13 / 
I.mll • 1.61PI5 • 1.68Pl7 • 0.85P18 • 1.IOU9 ,0.56P20 

IP 15 Y - 1l.82' I.IIPI • 0.86P2 , l.68P3 / I.92P5 • 1.40P7 • 1.46P8 • 1.61Pl0 • o.mll , 1.0JPI2 , l.lIPl3 , 
o.mll , 1.I8PI5 , 1.81Pl7 ,0.92118' l.ml9 I 0.58P20 

BoU Y - n.02 / l.Om , 0.9112 / 1.65P3 / 1.97P5 \ 1.13Pl t 1.14P8 / 1.60m / 0.91111 / l.18Pll , !.S6PlI I 
0.9IPl5 , 0.93P16 / I.JIPl7 / 0.92118 , 1.03P19 , 1.58P20 

8S ! - 21.60' 1.Om / D.98P2' I.G2P3 / 1.57P4 '1.94P6 / I.ml / 1.13PlO / o.mll/ G.99P12 / G.91P13 / 
I.mll / 1.06Pl5 • 1.89Pl6 / 1.1lPll/ 0.85Pl8 • l.ml9 • 1.56Pl0 

IF 17 Y - 9.77 / 1.12PI / D.llP) • l.m3 /UlPS • 1.l2Pl • U6'8 / 0.89P9 • 1.IlPlO • I.mll / 1.000I) / 
1.02P1l • 0.91Pl! • 1.I1Pl5 • l.ilI17 • o.nPl8 / 1.01Pl9 / 0.5mO I 

Botl Y - 16.12' 1.0511 / 0.93Pl / 1.61p3 / 2.01P5 • l.m7 • 1.48P8 • 1.16PIO • 1.00PIl • 1.02 12 • 0.94Pll • 
1.11PII • 0.96P15 • 0.9)PI6 • 1.11P17 • 0.91P18 / 1.13P19 .57.98P20 

8S 1- 20.87' 1.0lPI • 0.9m / I.om • I.om • 1.l3P5 • 1.33P6 / 1;96Pi / 1.49p10 • I.mll • 0.99P12 • 
0.91P13 • I.OSPII • 1.0m5 • 0.95P16 • 1.30Pll / 0.81P18 • 1.01P19 • 0.51Pl0 

IP 18 ! - !D.OI • I.IOPI , D.16P)/ 1.69p3 • 1.91P5 \ 1.I4Pl • loOm. 0.96P9 • 1.06PIO • I.OSPIl • 1.000Il I 
I.DlPI3 / 1.04PII • 0.97PI5 • 0.m16 • 1.39Pll • 0.93P18 / 1.01'19 • 0.59,10 

Botl ! - 11.84/ 1.0511 • 0.91Pl • 1.61Pl • 1.0lPS • I.UP1 , 1.0lP8 • 0.90P9 / 1.08PlO • I.mll • 1.00Pll • 
0.93Pll • 1.l2PI! • 0.91P15 • 0.9fiPl6 • 1.19Pll , 9.12P18 • I.D1P19 • D.58P2D 

!S Y - 22.18" I.om • I.om • I.om • 0.99P1 • 1.IlP5 • 0.91P6 • D.90P7 / 1.5m • 1.16PIO • 0.99Pl1 • 
0.92P13 • 1.IIPII • 0.96P15 • 0.90P16 • 1.17Pll / 0.81P18 / 1.08P19 / 0.57Pl0 

IP 19 1- 9.00' I.IIP! • 0.90P2 • I.MPI • UOPI • l.m5 • I.lm • 1.00P! , 0.98P9 • 1.05PIO • 1.00Pll • 
I.mll • 1.01P13 / 1.0IPlI • 0.90P16 • 1.16Pl1 • 0.92P18 • 1.02PI9 • 0.58pl0 

Botb I - 11.67' I.om • 0.95Pl • 1.08Pl • 0.96P! • 1.51P5 • 1.10'7 • 1.0lPO , 0.91P! / 1.07PIO • 1.D1P1l • 
I.DlPII • 0.91m • I.IOPI4 • 0.92p15 • I.Dom • 1.28p17 • 0.91Pl1 • 1.04P19 , i.5mD . . 

'8 Y - 21.11' 1.0lPl • I.om • I.Dm • 6.99P1 / I.Dm • 0.91P! • D.95P7 • 1.05P8 • 0.85P9 • 1.05PIO • 
I.D2PI1 • 1.01Pll • 0.91P13 • 1.11PII • 0.91P11 / I.I1P16 • 1.2lP11 • 0.90P1! • l.ml9 • 0.57P20 

!F 20 1- 11.11 /1.1211 • 0.91P2 / 1.01P3 • 1.05P! \ 1.0 p5 / 0.85P6 • 0.98Pl • I.OOPO • 0.99P9 • 1.0mo • 
1.06111 / 1.0001l • 0.91PIl • 1.01PlI • 0.97P15 • 0.96P16 • I.JlPI7 • 0.91Pl8 • 1.05m / 0.57P20 

Both ! - 15.ll' 1.0m • 0.97Pl • loom. I.om • 1.0m • O.mfi / 0.91P1 • 1.01Pi + 0.91P9 • 1.05PIO t 
1.01.Pl1 • Loom. 9.J2PlJ • 1.08PlI / 0.95PlS • O.mlfi , I.27Pl1 '90.1IPI8 , I.OlPI9 • 0.5mo 

~~;:;t ridd during i th fortni~h~ Ii ~ I .... , 20J . kg 
Y = predic ed lactatIon .ilk yield (P"Y1 . kq 

----------

Accuracy 
III 

99.85 

99.85 

99.86 

99.86 

99.81 

99.88 

99.89 

99.89 

99.!0 

99.90 

99.90 

99.91 

99.91 

99.91 

99.91 

~ .., 
'" 
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In case of Karan Fries when a single fortnightly part yield 

record was used for prediction, the 12th fortnightly part yield 

provided highest accuracy (74.33%) of prediction. When two 

fortnightly part yields 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 considere~, the best equations 

involved 3rd. 12th and 17th fortnightly'part yields which gave 

highest accuracy (95.71%) of estimation of lactation yield. When 
'- , 

more number of part yields were considered as independent 

variables, there was increase in accuracy of prediction but at 

slower rate. When all 20 fortnightly part yields 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 records taken during 3rd. l~th and 17th 

fortnightly part yield for Karan Fries breed would be adequate 

for prediction of first lactation milk yield based on-fortnightly 

part yields. 

Discussion on optimum combination of fortnightly test records 

When a single record was considered, it was found that 13th 

fortnightly test record under systematic s~mpling 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 yields were 

taken, the best multipl~ 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~·1-O, 84.74 and 89.21 per cent, respectively •. 
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When three test records were considered, the best equations 

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 r.ecards or part records 

were considered as independent variables there was increase in 

accuracy of prediction but at slower rate. 

Saigaonkar et ale (1981) found that the two records during 

6th and 8th fortnight gave highest accuracy (76%) of prediction 

of 26 fortnights' milk yield in Sahiwa-I cattle. Nagarcenkar and 

Basavaih (1981) reported that a single part record during 11th 

fortnight was best predictor for lactation milk yield in Murrah 

buffaloes. 

It may b~ 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 selection stepwise regress~on models were fitted to 

predict the 

combinations 

lactation milk yield 

of test records drawn 

considering the various 

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 considered to be 

optimum. The prediction equations fitted alongwith their 

accuracy for Karan Swiss and Karan Fries breeds are given in 

_Table 42. 



Table 42. Prediction equatioDS and their aCCDracr for eatilation of lactation lilk yield under IODthlr syste.~tic salpliDg Bche.e 

----------------------------------------------------------------------------------------------------------------------------
Breed Ro. of 

test recorda 
Beat prediction regression equations Accuracy 

(II 
----------------------------------- ------------ --------_._------------------------_._- - ..• -.. ------- -- --.. -- ---~ --------.- --------_._-- -..• _._-.. -. 

KS 1 ' 106),10 , 6,1211 60.9) 
K1 1 ' 1l35,!9 , 6,1411 ;e.16 BoU y , 1121.5) , 6.5m 10.13 
KS l' m.II' ).m2' tl9!J B6,51 
IF 2 I' )61.50' 3,6212' 1,6811 86.06 
Botl I' m.OI' ).6m, 4.1811 BO.Ol 

KS I' 21),81' 3,4812' 3.11Xl '2.1319 91.50 
11 l' 1lI.15 , 3.5912' 3.0m '2.0119 91.40 
BoU y, 212.IB' 3.5912' ).llXl '2,1019 92.34 
KS l' 106.21' 2.1212' 1,lm '1.9111 '2.3119 94.05 

" 4 Y = 241.11 of 2.1312 + 1.12XS f 1.9211 t 2.26%9 H.1l 
BoU I' 191,91' 2,1512' 2.1615 '1.9m '2.3219 94,10 

KS l' 110.)6, 1.1311, 1.8m ,2.1515 ,1.9J!1 '2.2119 95.21 
K1 I' 211.52' 2.1012' 2.2m '1.9411 '1.5019 ,o,omo 95.11 
Both I' 110.17 '114,3111 , 1.0m '2.1615 '2.0211 '2.1919 95.85 

IS l' 101.12' 1.1111' I.SlX2 '1.2615 ,1.0411 '1.6319 '0.10m 96.03 
K1 6 l' 114.61' 1.0111' 1.9112 '2.m5 '2.0011 '1,l9X! '0.m10 96.50 
Both l' 91,01' 1.0911, 1.0112 '2,2915 '2,0617 '1.5219 '0.111l0 96.61 

!S Y = 82.15 + 1.0SXl + 1.3512 I 1.3314 + 1.5~15 + 1.96X1 + 1.64X9 10.15110 91.01 

" 1 l' 103.61' 0.9011' 1.1112 , 1.310 '!.01X5 '2.0m '1.12K9 ,0,BlIIQ 97.29 
Boll l' OU1, O.ml, 1.1112 • 1.32'3 • 1.0815 '1.9m '1.5m .0,19110 91.ll 

IS 1 ' 14.17' 1.0m, 1.11Il , 1.3214 '1.5115 '1.21xl '1.l2X8 '1.0219 ,0.36nO 93.4! 
IP 1 ' 94.2B' 0.9111' 1.1IX2 • 1,3B13 .1.0515 'l.ml 'I.om • 0,9819 • 0.04110 91.!5 
Both I ' 82.91' 0.9m, 1.2012 , 1.2m '1.8615 'I.Un '1.12!8 '1.0m '0.39!l0 91.15 

" 1 ' 11.10' 1.0111, 1.4m , 1.2014 , 1,IUS ,0.9016 • 0,8617 • l.mB • 1.0m '0.16110 97.B2 
'P 1 ' B1.51 , I.om. l,m2 , l.m) • 1.4515 '0,m6 '1.12X3 • 0.95!9 ,0.8lXlO 01.51 
Both 1 ' 11.56' 0.98X1' 1,1312 , 1.25Xl • 1.4215 • 1.0016 • 1.0017 '1.0m '1.0m .0,B1110 9B.06 
IS 1 ' 72.01' 8.9411' 1.lOn , 8,8m , 0.9214 • 1.0415 '8.98!6 '0.8711 '1.1610 '1.8m '8,mI8 98.11 
IF 10 1 ' 16,34' 1,8111' 8,98!2 • 1.0m , 0,15.4 '1.1515 .0,B6l6 • 1,88!J ,0.mB • 8.99!9 • 0.B611O 98.13 Botl 1 ' 65.66' 0.98X1' 1.0m , 0.9513 , 0.0511 '1.10!5 '0.m6 '0,9811 '1.0510 • 1.0319 ,n.BmO 98.30 

-----------------------------------------------------------
Ii = test-re~ord lie~d duriDg ith lonth (i: I, .~~~-:-kg 
Y = predicted lac ation lilk rield (PM!) - kg ... 

" " 
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In case of Karan Swiss cattle, it was found that 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,- th~ 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 samp1in9 scheme 9ave 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 

mon~h 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 rec9rds 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 

2nd, 7th 

during 2nd and 

and 9th month 

7th month or three records drawn 

for Karan Swiss and Karan Fries 

during 

breeds 

would be adequate for prediction of first lactation milk yield. 
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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 RECORDS 

The forward selection stepwise regre~sion analysis models 

were fitted to predict the lactation milk yield considering the 

various combinations of test records drawn under stratified 

random sampling scheme. The prediction equations which required 

minimum number of test-records and gave sufficiently high (above 

90%) accuracy of fitting the multiple regression model was 

considered to be optim~m. The prediction equation 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 yield, 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 ~rediction of lactation milk yield. Furthe~ 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 as 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 recol-d 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 predict.ion. Further, 

when three samples were chosen for prediction, the highest 



I 

rable 43. Predietion equatioos aod their aeellraey for estintion of lactation lilk yie~d under lonthI.y stratified randol salplio9 scheles 

---------------------------------------------------------._------------------------------------------------------------------~------------------------

Breed ~o. of 
tesl record!! 

Best prediction regresaio~ equations Aectlracy 
I II 

---------------------------------- -----------------------------------------------------------------------------------------------------
KS j 0 1130.54 + 6.2lfl 69.05 
!1 1 I 0 1180.11' 6.l1TO 61.11 Both 1 0 1121.51' 6.5111 10.11 
!S I 0 164.67. 1.1512 + 4.1611 81.31 
K1 2 I 0 468.29. 1.1112. 4.6216 81.11 
80th I 0 310.05 + 1.62!2 + 4.1811 88.01 

KS I 0 m.94' 1.1nT2 + 2.1511 • 2.J2T8 90.82 
!1 3 I 0 331.41' 3.0512 + 1.48T6 + 2.1m 90.85 
Both 1 0 212.48. 3.59!2' 1.ml + 2.1019 92.34 

KS I 0 m.18. 2.16!2. 1.93!5 • 1.1917 • 2.1OT6 93.01 
IF 4 'l = 211.10. 1.55T2. 2.UT3 + 2.85r~ • 2.32T9 93.11 
Bolh j 0 191.96. 2.15!2 + 2.1615 + 1.9211 + 2.32!9 94.16 

KS I 0 200.88 + 2.6112 + 2.2215 + 1.10!1 • 1.85!8 • 0.84T10 94.88 
IF 5 1 0 241.54. I.Hl2 + 2.2011 • 1.99!6 • 1.11T8 .1.52!9 94.90 
80th I 0 110.11' 1.14!1 + 1.8812 • 2.16!5 • 2.0m • 2.19!9 95.85 

!S I' 141.29. 1.08!l. 1.84!2 + 2.1815 • 1.11Tl + 1.19T8 + 0.81T10 95.88 

" 6 I' m.ll. l.m2' 2.ml • 2.0516 • 1.6518 + 1.0519 + 0.5mO 95.68 
Bolh Y = 97.07 + I.onl + 1.811'2 t 2.291'S t 2.06T1 t 1.52T9 + o.nTlG 90.06 

IS Y = 109.26 t O.96T1 + 1.221'2 t 1.32TJ + 1.71T5 + 1.531'') + 1.86T6 + O.SITU 96.65 
IF Y = 190.78 + 1.51T2 + 1.391'3 f l.HN + 1.671'6 + 1.66T8 f 1.07T9 + 0.64T10 96.45 
Bolh j 0 86.91 + 0.9811 + 1.1412 • 1.l2Tl • 1.88!5 • 1.99!1 + 1.5119 .0.19T10 97.15 

IS I' 110.09' 0.9l1l + 1.1iT2 • 1.36Tl • 1.1615 • 1.5211 + 1.4218 • 0.1919 • 0.58110 91.16 

" 8 j' 115.12' 0.1611 + 1.1112 + 1.2011 + 1.4m + 1.1216 + 1.69f8 • 1.0m • 0.60110 96.94 
Both I' 82.94' 0.9511.1.2012 + 1.29!1 + 1.8615 + 1.lITl + 1.l2T1 .1.0m .0.19T10 91.15 

KS I' 104.11 + 0.90!1 + 1.17r1 • 1.33!3 + l.lUI5 • I.om • 1.0m • 1.l3!8 + 0.8119 + 0.59110 97.60 

" 9 I' 102.89 + O.18TI' 1.20T2 • l.lIU + 1.1511 + 1.30'6 • 1 •. 02T7 • 1.2IT8 + 0.95T9 .0.58TI0 91.11 
80th I 0 11.56 + 0.98T! + 1.11T2 • 1.25!l + 1.42T5 + 1.00T6 + 1.0011 • 1.0m .• 1.0119 + 0.801iU 98.06 

!S I 0 95.01' 0.8811 + 1.0912 + 1.0m + 0.10N • I.om + 0.96T! • 1.0411 + 1.1118 + 0.8019 + 0.59110 91.19 
!F 10 I 0 91.11 + 0.1811 + I.HTI + 1.101l + !.0111 • 0.77T5 + 1.0m '0.9911 + 1.2218 • 0.9119 • 0.60110 91.51 
Both I 0 65.61 + 0.9811 + 1.0412 • 0.95!l + .1511 + 1.1015 + 0.92!6 '0.9811 + 1.0518 + 1.0119 • 0.82110 98.11 

;:~---teBt record -rie1d during i th JOnth Ii = I, -~l;j a kg---. ------------------------------------------------------------
Y = predcted lac atio~ .ilk yield (PM!) - kg .... 

0> 
0 
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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 

10 monthly 

(97.54%1 of 

accuracy of prediction but at slower rate. When all 

test records were considered, the highest accuracy 

fitting prediction equations was found (Table 43). 

It is thus seen from Table 43 that. two records taken at 

random during 2nd and 7th month or three records taken at random 

during 2nd, 7th an"a "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 

Fri"es breed would be adequate for prediction of first lactation 

yield based on monthly stratified random sampled test records. 

4.7.6 BEST PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK 

YIELD ON THE BASIS OF MONTHLY PART YIELDS 

Linear and multiple linear regression equations were fitted 

to predict the lactation milk yield considering the various 

combinations of monthly part records. The prediction equation 

which required minimum number of monthly part 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 combinations of part yields. The prediction equations 

fitted alongwith their accuracy for Karan Sw~ss and Karan Fries 

breeds are presented in Table 44. 

In case of Karan Swiss it was found" that when only one 

record was taken as independent variable~ the 6th monthly 

part 

part 
. yi pld record gave highest accnracy (73.70%) of fi.tt i ng. 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 rec,crds taken during 2nd~ 6th and 8th 



Table 44. Prediction equaUob8 and tbeir accuracy for eaUlalion of lactation lilk yield under .oDthly part h.ctatiob yield 

------------------------------------------------------------------------------------------------------. 
Bleed Ho. of 

teat records 
Best. prediction rcgrcasion equationa ,"ccaracy 

III 
------------------------------------------------------------------------------------------------------------------------

I! 
If 
Both 

H· 
!F 
Beth 

1£ 
!F 
B~th 

I! 
!F 
Bilth 

15 
IF 
B~th 

1£ 
H 
B~th 

IS 

" B~th 

OS 
H 
Both 

KS 
K1 
Both 

15 
11 
Both 

1 

2 

1 

I 

5 

6 

1 

B 

9 

10 

I' 797.j6' 7.m6 
y, 754.7B. 7.0lP6 
I' 825.42' 7.llP6 

!, 202.77 I 3.5512 I 4.j6p6 
y, 282.75. 3.3112' 5.10P6 
y, 211.95 I 3.50r2' 5.0m 

Y' 154.00 I 3.65r2' 2.70P6 , 3.22P8 
!, 168.00' 3.m2' 3.m6 , 2.0m 
!, 138.01' 3.15r2' 3.63Pfi , 2.l8P9 

!, 128.05' 3.58r2' 2.m6 , 2.55P8 , O. ml0 
Y' 143.94' 3.5312' 2.70P6 , 1.82P8 , I.2lP9 
t" 129.41 f 3.56r2 f 2.EOPE + I.S7P8 f 1.21r~ 

!, 96.81' 2.67r2' [.72P1' 1.76P6 '2.6lP8 ,O.81Pl0 
!, m.28 , 2.m2' 1.80rl , 1.7jP6 'I.mo 'l.m9 
t" 10B.30 f 2.S7P2 f 1.80p4 + 1.151'6 f l.91PB f 1.41P9 

!, 92.55' 2.55r2' l.ml·' 1.00r6 '1.00PO ,O.9JPj ,O.56Pl0 
Y' 102.94' 2.52P2' 1.09P4 , 1.0m '1.85PO 'O.8m , 0.67P10 
!, 92.03' 1.5m, 1.09P4 , 1.0m '1.80P8 'O.89pj 'O.61p10 

!, 57.16' 0.0711' 1.67PI , 2.00P! '1.88P6 '1.83p8 'O.94P9 ,O.55p10 
Y ~ 28.55 f 1.03ft + 1.55P2 + 2.05P4 t 1.96P6 f I.B5p8 + 0.711'9 f 0.64PI0 
!, n.29 , 0.95'1 t 1.61P2 , 2.01f4 '1.92P6 t 1.85P8 t 0.85P9 ,O.59P10 

!, 59.28' 0.m1 t 1.67P2 t l.m4 '1.31P6 '1.06P7 t 1.15P8 t 0.96P9 'O.5mO 
!, 26.29 t 1.0m, 1.5IP2 '2.00", 1.40PO '1.05p7 'l.m8 ,O.m9 ,O.02P10 
! '11.70, 0.9BP!' 1.00P2 '2.03r4 '1.31PO '1.0m '1.29PO 'O.8m ,O.59P10 

'I" 46.27 f O.96P1 t 1.64P2 t 1.411'4 t 0.95p5 t O.~2p6 t 1.051'1 t 1.271'8 t D.np9 t O.55PlO 
Y' 21.53' Lam, 1.59P2 , 1.40P4 '1.1OPS ,o.mo '1.0m '1.31P1 'O.19Pj 'O.JlPlO 
Y' 32.ll' 1.0m, 1.01Pl , 1.14" '1.0m ,o.mo t 1.0m t 1.30PB ,o.om t 0.5mo 

Y' 43.ll '1.0m t 1.0m t 0.98P3 t 0.9m t 0.m5 t o.mo t 1.0m '1.15PO 'O.91Pj 'O.50Pl0 
Y, 23.24' 1.1lPl' l.llP2 , 0.90PI 'O.85f4 '1.18P5 'O.92P6 'l.0m '1.15PB ,O.B1P9 'O.61P10 
!, 31.60' Lam' 1.0m , 0.95PI ,O.91P1 'Lam 'O.91P6 '1.01Pl 'I.JlPB ,O.88P9 'O.59Pl0 

~-~-pa~; Jactat~on li~Jd dIJrinq i th ~~~;~-~~~~~~-;~-:-;9-------------------------------------------------------
Y : predieted lactatIon milk yield (P~YI - k9 

73.10 
15.11 
16.55 

Bl.ll 
87.71 
88.81 

96.11 
95.18 
90.33 

97.56 
91.02 
97.56 

91.n 
91.96 
98.35 

98.jO 
98.13 
91.jl 

99.16 
99.20 
99.26 

99.15 
99.36 
91.42 

99.16 
99.51 
99.54 

99.56 
99.5B 
99.61 

f-o 

'" '" 
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month. When more number of part records were considered as 

independent variables, there was increase in accuracy of 
prediction but at slower rate. When all 10 monthly·part yields 

were considered as independent variables, the 

(99.56%) of fitting the equations was obtained 

highest accuracy 

(Table 44). 

In case of Karan Fries when a single part record was used 

for prediction, the 6th monthly part yield determined. highest 

accuracy (75.47%) of prediction of lactation milk yield. Woen 

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 equations involved 2nd, 6th and 9th monthly 

part yields which gave highest accuracy (95.78%) of estimation of 

lactation milk yield. When more number of part records were 

cons'idered as independent va:r:-iables, the're was increase in 

accuracy for prediction of lactation milk yield but at slower 

rate. When all 10 monthly part yields 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 taken 

during 2nd and 6th mQ~th 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 

2nd, 6th and 9th month for Karan Fries breed would 

for prediction of lactation milk yield. 

taken during 

be adequate 

Discussion on optimum combination of monthly records 

In both breeds, it was found that when one record was taken 

as independent variable, the 7th month test record under 

systematic 

part milk 

prediction 

When two 

and stratified random sampling scheme and 6th month 

yield were found to be best and 

of 70.43, 70.43 and 76.55 per 

records were taken as independent 

gave accuracy of 

cent, respectively. 

variables, 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, 

88.07 and 88.88 per cent, respectively_ When three records were 

taken as independent variables, the best prediction equations 

utilised 2nd, 7th and 9th month test reco~ds under systematic ~nd 
stratified random sampling schemes and 2nd, 6th and 9th month 

part milk yield; the accuracy (R2) of prediction were 92.34, 

92.34 and 96.33 per cent, respectively. 

VanVleck and Henderson (1961c) reported that the best single 

month for estimating complete lactation yield were fourth, fifth 

and sixth months by regressi?n method in Holstein Friesian cows. 

Gokhale (1974) 

estimating the 

studied the reliability of 

total first lactation yield 

part 

wpich 

lactations in 

revealed that 

amongst single monthly yields, 5th month's production showed 

highest accuracy (66.90%). He also found the best combination of 

two part records to be 4th and 6th monthly part yield which 

a fair degree of accuracy (73.57%) for prediction of 

lactation milk yiel~ in Murrah buffaloes. Abdel-Aziz e~ 

gave 

the 

aI. 
(1975) found that the best single mo.nths for predicting 12 months 

yield were seventh and eighth with coefficient of determinations 

of 0.36 and 0.38 respectively 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 (R 2 87%); 

when two records of monthly cumulative yields 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 yield 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 

highest 

part yields used for predicting lactation- -yield, 

accuracy (74%) was obtained for 4th month followed by 

the 

5th 
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month (72%). Sushi 1 Kumar (1990) found the part yields of 120 

days to 150 days to be adequate for predicting lactation yield in 

Sahiwal cattle. 

The results reve'al 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 PREDICTION EQUATIONS FOR ESTIMATION OF LACTATION MILK 

YIELD ON THE BASIS OF BIMONTHLY SYSTEMATIC SAMPLED TEST 

RECORDS , 

Forwa'rd selection stepwise regression modeis were fitted to 

predict the lactation 'milk 

combinations of test records 

yield considering the various 

drawn under bimonthly 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 considered to be 

optimum. The prediction equations fitted aloDgwith 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 

independent_ variables, it was found that the test record during 

1st and 4th bimonth determined highest accuracy (86.18%). 

Further, when three samples were chosen, the highest accuracy 

(90.40%) of fitting the regression model was obtained for test 

records drawn during 1st, 3rd and 4th bimonth. When four test 

records were considered· as independent variables, 

increase in accuracy of prediction but at slower rate. 

there 

When 

was 

all 
five bimonthly test records were considered, the highest accuracy 

(94.61%) of fitting the prediction equations was obtained. 



Table 45. Prediction ~tions and. their accuracies for estimation of lactation milk yield under bim:mthly systanatic 
sallpl ing scheme 

Breed 

KS 
KF 
Both 

KS 
KF 
Both 

KS 
KF 
Both. 

KS 
KF 
Both 

KS 
KP 
Both 

Xi 
Y 

No. of test 
records 

1 

2 

3 

4 

5 

Best prediction equations 

Y = 119S.S4 • 3.03X4 
Y = 1089.71 • 3.24X3 
Y = 877.29 • 3.44X3 

Y = 370.74 • 1.73X1 • 2.40X4 
Y 910.S0 • 2.7SX3 • 1.10XS 
Y = 323.S4 • 1.49X1 • 2.S8x3 

Y 226.63 • 1.42X1 • 1.24X3 • 1.76X4 
Y = 347.2S • 1.30X1 • 2.12X3 • l.OlXS 
Y = 22S.41 • 1.4SX1 • 1.26X3 • 1.7SX4 

Y = 210.53 • 1.35X1 • 1.35X3 • 1.26X4 • O.62X5 
Y = 281.18 • 1.35Xl • 1.40X3 • 1.19X4·. 0.60XS 
Y = 207.15 • 1.38XI • 1.39X3 • 1.24X4 • 0.61XS 

Y = 17S.73 • 0.97XI • 0.85X2 • 0.93X3 • 1.20X4 • 0.66XS 
Y = 211.70 • 0.98XI • 0.89X2 • O.90X3 • 1.20X4 • 0.67XS 
Y = 165.1S + 0.99Xl + O.89X2 + 0.92X3 • 1.21X4 • 0.67XS 

test rec0rd yield during i th rronth (i = 1, 
predicted lactation milk yield (~) - kg 

... , 5) - kg 

Accuracy 
(%) 

66.21 
66.04 
68.42 

86.81 
78.SS 
80.18 

90.40 
88.47 
91.11 

92.98 
92.S3 
93.43 

94.61 
94.62 
95.14 

... 
ex> 

'" 
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In case of Karan Fries when o.nly 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 .• 55%) of 

prediction. Further when three samples were chosen, the highest 

accuracy (88.47%) of fitting the regression model was obtained 

for test records dr~w,n during 1st, 3rd and 5th bimonth. When 

four test records were used for prediction of the lactation 

yield, 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 equations was obtained (Table 45). 

It is thus seen from, Table 45 that two test records taken at 

random du.ring 1st and 4th himonth or three test records taken 

randomly during 1st, 3rd and 4th bimonth for Karan Swiss breed 

and two test records taken during 3rd and 5th bimonth or three 

test records taken during 1st, 3rd and 5th bimonth for Karan 

Fries breed would be adequate for prediction of first lactat-ion 

yield. 

4.7.8 BEST PREDICTION EQUATIONS FOR 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 est~tion of lactation milk yield under birronthly 
stratified randan sanpling sehme 

Breed , 

KS 
KF 
Both 

KS 
KF 
Both 

KS 
KF 
Both 

KS 
KF 
Both 

KS 
KF 
Both 

No. of test 
records 

1 

2 

3 

4 

5 

Best prediction equations 

Y = 1290.87 + 2.86T4 
Y = 12057.41 + 3.04T3 
Y = 1UOO.69 + 3.23T3 

Y = 542.12 + 1.91T2 + 2.06T4 
Y = 1043.90 + 1.92T2 + 1.5BT4 
Y = 883.65 + 1.97T3 + 1.69T4 

Y = 350.30 + 0.98T1 + 1.24T2 + 1.95T4 
Y = 436.00 + 1.31T1 + 1.28T3 + 1.6OT4 
Y = 368.32 + 1.35T1 + 1.28T3 + 1.60T4 

Y = 315.10 + 0.92T1 + 1.33T2 + 1.69T4 + 0.44T5 
y = 403.08 + 1.30T1 + 1.3BT3 + i.25T4 + 0.42T5 
Y = 292.76 + 0.94T1 + 0.91T2 + 0.88T3 + 1.6OT4 

Y = 254.42 + 0.89T1 + 0.98T2 + 0.9OT3 + 1.28T4 + 0.47T5 
y = 292.65 + 0.81T1 + 1.04T2 + 0.95T3 + 1.2OT4 + 0.5OTS 
Y = 250.52 + 0.87T1 + 1.02T2 + 0.93T3 + 1.2ST4 + 0.48T5 

Ti'" test record yield during i th rronth (i '" 1, ... , 5) - kg 
Y '" predicted lactation ~lk yield (PMY) - kg 

Accuracy 
(%) 

66.21 
67.97 
68.99 

85.29 
78.55 
80.14 

89.37 
88.85 
90.00 

91.47 
91.00 
92.01 

93.57 
93.80 
94.35 

'"' '" '" 
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In case of Karan Swiss, it was found that when only one test 
re.cord 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 bimonth determined highest accuracy (85.29%) of 

fitting. 

accuracy 

for test 

Further when three samples were chosen, the. highest 

(89.37%) of fitting the regression model was obtained 

records drawn during 1st, 2nd and 4th himonth. 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 fitt.ing the prediction equ~tions was 

obtained. 

In case of Karan Fries, when only one test record was used 

to predict the lactation yi~ld; 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 (78.94%) 

of fitting the regression model. Further', when three samples 

were chosen, the highest' accuracy (88.85%) of fitting the 

multiple regression models was obtained during 1st, 3rd and 4th 

himonth. When four test records were used for prediction of the 

lactation yield, there was increase in accuracy but at slower 

rate. When all five bimo~thly stratified random sampled test 

records were considered as independent variables, the highest 

accuracy (93.80%) of fitting the equations 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 1st, 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 1st, 3rd and 4th bimonth 



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 THE BASIS OF BIMONTHLY PART LACTATION YIELDS 

Linear and multiple linear regression. equations were fitt~d 

to predict the lactation milk yield considering the ¥arious 

combinations of bimonthly part records drawn. The prediction 

equations fitted alongwith their accuracy for Karan 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 w~s 

found that the part records during 1st and 3rd bimonth gave 

highest accuracy (87.54%). Further when three part 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 increase in accuracy of 

prediction but at slower rate. When all five bimonthly part 

yields were considered as independent variables, the highest 

accuracy (98.51%) of fitting the equation was obtained in Karan 

Swiss breed (Table 47). 

In case of Karan Fries cattle, when a sin91e part record was 

used for prediction. the 3ed bimonthly part yield determined 

highest accuracy· (77.49%) of fitting. When two part records were 

considered for prediction, it ·was found that the part records 

during 1st and 3rd bimonth gave highest accuracy (87.46%) of 

fitting. Further when three part records were considered as 

independent variables, the best equations involved 1st, 3rd and 

4th bimonthly part records which gave highest accuracy (96.04%) 

of estimation of lactation milk yield. When four part records 

were c~nsidered as independent variable.s, there was increase _. in 



Table 47. Prediction equations and their accuracies for estimation of lactation milk yield under binonthly part. 
lactation yield 

Breed 

KS 
KF 
Both 

KS 
KF 
Both 

KS 
KF 
Both 

KS 
KF 
Both , 

KS 
KF 
Both 

No. of test 
records 

1 

2 

3 

4 

5 

Best prediction equations 

Y = 731. 96 + 3 ~ 67P3 
Y = 911.33 + 3.55P3 
Y = 754.97 + 3.69P3 

Y = 166.10 +.1.69Pl + 2.59P3 
Y = 214.02 + 1.62Pl + 2.68P3 
Y = 157.72 + 1.68Pl + 2.65P3 

Y = 149.20 + 1.72P1 + 1.13P3 + 1.66P4 
y = 100.22 + 1.78Pl + 1.14P3 + 1.72P4 
Y = 111.84 + 1.76P1 + 1.15P3 + 1.69P4 

Y = 125.65 + 1.67Pl + 1.30P3 + 1.31P4 + 0.40P5 
y = 72.24 + 1.74Pl + 1.41P3 + 1.23P4 + O.42P5 
Y = 87.58 + 1.72P1 + 1.36P3 + 1.28P4 + 0.41PS 

Y = 99.43 + 1.15P1 + 0.96P2 + 0.8SP3 + 1.36P4 + 0.43P5 
y = 69.47 + 1.21Pl + 0.93P2 + 0.89P3 + 1.35P4 + 0.46P5 
Y = 78.76 + 1.18P1 + 0.9SP2 + 0.8.?P3 + 1.35P4 + 0.4SP5 

Pi = part lactation record yield during i th rronth (i = 1, ... , 5) - kg 
Y = predicted lactation milk yield IPMY) - kg 

I\ccuracy 
(%) 

75.89 
77.49 
78.58 

87.54 
87.46 
88.84 

96.18 
96.04 
96.51 

97.72 
97.86 
98.00 

98.51 
98.66 
98.73 

.... 
'" .... 
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accuracy of prediction but at slower rate. 
bimonthly part yields were considered, the 

(98.66%) of fitting the equations was obtained 

When all five 
highest accuracy 

(Table 47). 

It is thus seen from Table 47 that two part records taken 

during 1st and 3rd bimonth or three par~ records taken during 

1st, 3rd and 4th bimonth for Karan Swiss and Karan Fries breeds 

would be adequate for prediction of lactation milk yield. 

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 hlghest accuracy of prediction. The accuracy of prediction 

'being ~8.42, 68.99 and 78.58 per cent, res·pectively. When tw'o 

bimonthly test r~cords and bimonthly part yields were taken, the 

best multiple regression equations were found to be those 

utilising 1st and 3rd bimonthly test record under systematic 

sampling. 3~d and 4th bimonthly record under stratified random 

sampling and 1st 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 1st, 3rd and 4th bimonthly 

part yields; their accuracy of prediction being 91.11, 90.00 an9 

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. 

Murthy et al. (1986) reported that a sire 

yields in days 61-120 and 121-180 explained 83.4 

index including 

per cent of the 

variation in lactation yield and the same were recommended for 

selection purposes in surti buffaloes. They further .reported 

that the correlation coefficient of first bimonthly, second 

bimonthly and third bimonthly part yields with 300 or less 



lactation yields were 0.84 ~ 0.03, 0.88 ~ 0.02 and 0.85 + 

respectively (all the correlation estimates were 
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0.03, 
highly 

significant), thereby indicating their usefulness in selection 

programme aiming to improve 300 days yield. The prediction 

equation constructed and thus recommended was of the form Y = 
114.88 + 2.29 X3 + 1.86 X4, where Y is 300.days lactation yield, 

X3 and X4 are third and fourth monthly .yields, respectivel.y. 

Gokhale (1974) reported that the R2 value of 70.64 per cent was 

obtained in predicting lactation yield of Murrah buffaloes using 

60 to 150 days part yield. 

since 80 to ·90· per cent accuracy of prediction is considered 

to be adequate, the results reveal that two records drawn 

randomly during 1st and 3rd bimonth and three records drawn 

randomly during 1st, 3rd and 4th bimo·nth would be adequate for 

estimation of first lactation milk yield in field conditions. 

The following conclusions may be drawn, from the above 

presentation: 

(a) Single test record used for prediction of lactation yield 

1. Under fortnightly test recording, it was found that the 13th 

fortnightly test record under systemqtic sampling and 12th 

fortnightly test record under stratified random sampling 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 that 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 bimonth-Iy tes~ recording, it was observed that the 3rd 

bimonthly test record under systematic and- stratified random 
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sampling schemes and 3rd bimonthly part yield were found to be 

best and gave highest- 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 test 

record is drawn during 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. 4th" and 

12th fortnightly records under stratified· random sampling and 3rd 

and 12th fortni~htly part yields 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 gav.e 

highest accuracy of prediction of 88.07, BR.U? and 68.86 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 yields gave highest accuracy of prediction of 

BO.18, 80.14 and 88.84 per cent, respectively. 

From the above sampling schemes, the results reveal that. two 

test records drawn random.ly 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 11th 

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 tes~.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 bimonthly test recording, it ·w~s observed "that the 

l'st, 3rd and 4th bimonthly test records under systematic 

sampling, stratified random sampling scheme and bimonthly part 

milk yields were the best predictors which gave highest accuracy 

of prediction of 91.11, 90wOO 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 9th month would 

be adequate for estimation of first lactation milk yield under 
field conditions. 

4.8 ERRORS IN PREDICTION OP LACTATION MILK YIELD UNDER VARIOUS 

SAMPLING SCHEMES 

The five measures of errors in prediction of lactation milk 

yield under two sampling schemes and three testing intervals were 

used. These were (i) average errorw (ii) per cent average error, 

(iii) average absolute error w (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 v.u:-imIs sanpl ing schemes in Karan Swiss breed 

Name of sarrpl ing scheme 

A. systematic sanpling scheoe 

I. Fortnightly interval 

II. Monthly interval 

III. BiIoonthly interval 

B. stratified sanplinq scheme 

I. Fortnightly interval 

II. fobnthly interval 

III. Bimonthly interval 

Average error 
--------------------

(kg) 

-1.648 

1.429 

5.815 

1.453 

6.265 

3.856 

(%) 

-0.065 

0.056 

0.231 

0.057 

0.249 

0.153 

Average absolute error 
------------------------

(kg) 

43.367 

68.487 

110.059 

·44.409 

73.810 

126.168 

(%) 

1. 726 

2.726 

4.382 

1. 768 

2.938 

5.023 

Variance of Relative 
error (kg2) efficiency 

(%) 

3241.56 100.00 

7921.61 40.92 

20704.90 15.65 

3333.82 100.00 

9040.47 36.87 

2?44~.00 12.14 

> 
" c 



Table 49. Errors of estUnation of first lactation milk yield under various sanpling ""heres in !(aran l'ries breed 

Narre of sampling scheme Average error Average absolute error Variance of Relative 
-----------.-------- ------------------------ error (kg2) efficiency 

(kg) (%) (kg) (%) (%) 

)\. systenatic sanpling schere 

I. Fortnightly interval 1.416 -0.046 46.863 1.551 3612.87 100.00 

II. Mbnthly.interval 3.368 0.112 77 .602 2.569 9491.87 38.06 

III. BiIronthly interval -5.993 -0.198 126.180 4.177 26003.30. 13.89 

B. stratified !!!!!!piing scherre 

I. Fortnightly interval 2.053 0.068 52.359 1.733 4538.99 100.00 

II. Mbnthly interval 7.438 ·0.246 64.993 2.813 11710.10 38.76 

III. Bmnthly interval 14.642 0.464 141.103 4.671 32614.20 13.91 

>-' 

'" " 
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4.8.1 ERRORS IN PREDICTION OF LACTATION MILK 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 fortnightfy 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, 

respectively. The variance of error in PMY was 3241.56 kg 2 for 

Karan Swiss and 3612.87 kg 2 for Karan Fries breeds. FUrther the 

cor~esponding measures of error 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 Frie~ breeds, the 

variance of error in PMY was 3333.82 kg2 for Karan Swiss and 

4538.99 kg 2 for Karan Fries breeds. It was seen that the 

fortnightly systematic sampling scheme slightly underestimated 

lactation milk yield, while fortnightly stratified random 

sampling scheme slightly overestimated lactation milk yield . 

. Davey and Alexander (1,955) reported the average error as 2.5 

kg of actual yield from test day yields taken at fortnightly 

intervals in Jersey cows. 

et al. (1959) and Amble and Amble 

estimated the lactation milk yield from test 

Rajagopalan (1960) 

day yield recorded 

at different intervals by simple random sampling and systematic 

sampling in cattle and buffaloes 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 

systematic sampling 

for estimation of 

was better than simple random sampling method 

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 yield of an individual animal. Youssef et ala (1961) 
- -



obtained the errors 
recording at two weeks 

due to estimation as 
interval in Egyptian 

1.56 per 
buffaloes. 

Agarwala 

production the 

(1962) found that irrespective 

value of correlation increa~ed as 

of 

the 
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cent for 

level of 

interval 

between .the recordings decreased. Recording of milk production 

at interval of 10 days for predicting the lactation yields was 

found to be most reliable. 

Roaner ·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.the 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 pe.r cent,. 

Kaura et al. (1983) found the estimate of phenotypic 

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 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 test samples at 

interval of 7, 14 or 28 days but significantly higher estimates 

were obtained for cows sampled at 56 days. 

Crosse et ai. (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 dayYs recording per week. 



200 

Dass (1991) observed that the accuracy under systematic and 

stratified random sampling was better with sborter testing 

intervals. Further, under fortnightly sampling, per cent average 

error was lower under stratified random sampli,ng scheme. 

Variability 

fortnightly 

in actual first lactation yield on drawing ~amples at 

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 under both the sampling schemes. 

4.0.2 ERRORS IN PREDICTION OF LACTATION MILK YIELD ONDER 

MONTHLY INTERVAL OF MILK ·RECORDING 

The measures of average error, per cent average error, 

average absolute error and per cent average absolute error in 

predicted lactation milk yield (PMY) under monthly systematic 

sampl ing scheme were found to be 1.429 kg. 0.056' per cent. 68.487 

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 7'921.61 kg 2 for 

Karan Swiss and 9491.87 kg 2 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 kg 2 for Karan Swiss and 

11,710.10 kg 2 for Karan Fries breeds. It was seen that the 

average error, per cent average error, average absolute error, 

per cent average absolute error and variance of errors under 

monthly intervals were higher than those obtained 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 sampli~g _scheme. 
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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 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 

absolute mean error o£.estimation fa be 87.6 litres. 

Poly and Poutans (1966) proposed that in order to reduce the 

cost of monthly recording, each animal should be recorded 

month at a singl,e milking' alternating between morning 

evening; the daily milk yield being estimated by. doubling 

every 

,and 

the 

recorded yield. The accuracy of this type of 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 

programme. Cunninghum 

system was 

and Vial 

suitable for progeny testing 

(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 

Impl"ovement 

production 

scheme. 

et ale (1968) reported that the Dairy 

method of testing 

by an average of 57.3 

in USA overestimated 

kg milk under monthly 

Herd 

actual 

testing 

McDaniel (1969) reviewed sixty research reports dealing with 

the estimation of lactation yields in Bos taurus cattle from 

samples taken at various intervals. 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 fat per cent (Sd = 3.5%). 

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

actual milk yields in Denmark. 

Rai 
computing 

(1971) used 30 

methods, viz. 

days 

(1) no 

sampling interval 

ad justment, ( 2 ) 

and 

first 

three 

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 b;-e'eds of cattle. 

Vachal and Berea (1971) revealed that the error of 

estimation of individual lactation milk yield from monthly 

recording to be less than one per cent of actual yield in 

Holstein Friesian cows. 

Kadiiski (1973) found average error per cent for 10 and 30 

day recording intervais as 0.4 and 1.4 per cent in Bulgarian 

Simmental cows and as -7.5 and -10.0 per cent in Bulgarian Brown 

cows. 

Lindstorm (1976' predict-ed lactation yield under monthly 

testing interval recording scheme in dairy cattle in Kenya. Be 

found average er~or to be 1.34 to 1.52 per cent of actual milk 

yield. 

Rao (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 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 whicH was so 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 yield ranged from -88.5 to 132.6 kg (-7.83 to 

·11.9%) for buffaloes yielding l,ess 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 yields .at 26 + 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 roost 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 regular 

and irregular interval recording with variable centering date in 

estimating milk yield of crossbred cattle. T.hey found that 

centering dates later than 30 days underestimated yield 

"sampl ing"was carried out once or twice per month. 

when .' . 
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Anderson et al. (1989) Buggested that convenient and 

conventional 30 day equal interval sampling procedure should give 

acceptable estimates of total lactation milk yield in practice. 

Sampling emphasis on ,th~ post peak period was important in 

determining the magnitude of biases in non-linear procedure. 

Gujar (1989) investigated the effie,ieney of various milk 

recording systems for estimating lactation yiel~ in Kankrej 

cattle and concluded that recording once per month on a fixed 

date would be satisfaetory 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) reported that the estimates of error, absolute 

error and standard deviation of error under monthly systematic 

and stratified random sampling schemes in 

less milk yield using ratio method were 

estimating 305 days or 

26.63, 74.15, 89.64, 

respectively. The systematic sampling was found to be better in 

monthly test day interval than stratif.ied 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 yield 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 ONDER 

BIMONTHLY INTERVALS OF RECORDING 

The measures of average error, per cent average error, 

average absolute error, per cent absolute error in predicted milk 

yield (PMY) under bimonthly systematic sampling Bcheme 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 2 for Karan Swiss and 26003.30 kg 2 for Karan 



205 

Fries breeds. 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 Swiss 

and 14.642 kg, 0".484 per cent, 141.103 kg and 4.671 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 Swis.~ ,breed, but underestimated in Karan Fries 

breed. The comparison of error variances for the same test 

interval indicated that systematic sampling scheme was more 

efficient than stratified random sampling scheme. 

Erb et. a1. (1952) found that the daily variation among 62 

lactation simulated records from daily yields of. nine cows was 

such that bimonthly sampling would give an error of 3.4 per cent, 

the compariso'n 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 ~nd Rajagopalan (1960) analysed data of village herds 

of. cows and buffaloes~ 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 positive biases 

(upto 2%). Cunningham and Vial (1968) found that bimonthly 

testing was little less accurate than monthly testing. Everett· 

et a1. (1968) reported that correcting test day production for 

the stage of lactation i~ 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 actual yield. 

McDanial (1969) reviewing the different reports on cattle, 

observed that errors in milk yields computed from bimonthly 
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samples were about 3D 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, O.21·and -0.24 per cent for bimonthly 

recording, respecti~ely. Rathore (1972) found four and three per 

cent errors for milk and fat yields estimates in Jersey by 

bimonthly recording_ 

Rae (1977) inferred that average error in the estimation of 

lactation milk from test day yields recorded at 8 weekly 

intervals with first test commencing in different weeks, ranged 

from -4.41 to 

to 6.56 per 

deviations of 

2.61 per cent and absolute error ra'nged from 3.87 

cent in Sahiwal and its crosses. The standard 

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 yield from 

bimonthly test records; he found that 89.22 per cent of estimates 

to be within 5 per cent of actual values; the range 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 al. (1987) found higher estimates of prediction 

for cows sampled at 56 days intervals in Murrah buffaloes 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 

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. 
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Dass (1991) studied the efficacy of prediction of lactation 

yield in Murrah buffaloes based on bimonthly milk recording under 

Rystematic and stratified random sampling schemes uBing ~atio 

me·thad. The estimates of average error, per cent average error, 

nverage absolute error, per cent absolute error, and standard 

dc-viation of errors were 49.21 kg, 3.02 per cent, 120.9~ kg, 7.44 

lWI" cent and 167.57 kg, respectively under systematic sampling 

iu~heme. In similar fashion, the estimates were 53.02 kg. 3.25 

pt')" cent, 120.04 kg-,· 7.33 per cent and 144.92 kg respectively 

lIuder stratified random sampling scheme; the latter became more 

(.{ficient at bimonthly testing day interval as indicated by per 

.. c.nt average absolute error and standard deviation of error. 

It is seen from above. presentation that the measures of 

('1TOr variance in predicted milk yield under bimonthly . recording 

w{'I'e higher 'than fortnightly as well as monthly interval' of 

I'(>cording schemes in both breeds. This indicated that recording 

,,( milk at shorter interval gave better precision for the 

l,b~erved lactation yield. 

The following conclusions may be drawn. from above results 

and discussion: 

I. The accuracy of prediction was better at shorter interval of 

milk recording under systematic and stratified random sampling 

~.·hemes in both breeds. It was observed that the variance of 

('rl"or in predicted lactation milk yield increased gradually when 

the"! interval of test recording was increased. 

., -. 
t he-

Syst.ematic sampling scheme 

three test day intervals 

gave better precision under all 

of recording as compared to 

:;t I"atified random sampling scheme • 

. ~. The per cent average error was found to be less than one per 

,'c'nt 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 ~art lactation yields. 
Therefore r the estimation of genetic parameters of relevant 

traits was made. The measures of heritability of various 

economic traits and their phenotypic and genetic correlations are 

the parameters which reflect upon genetic composition 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 variance to the 

total phenotypic variance in a given population for a particular 

trait during. a specified time p~riod. It also measures the 

regression of additive genetic value 'of animal-on its phenotypic 

value. The knowledge of these parameters is required in 

formulation of appropriate evaluation and -selection criteria for 

bringing about genetic improvement. 

The heritability estimates were obtained for observed part 

lactation yield, cumulative part la.c~ation yield and observed 

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 regression on age 

at first calving. 

4.9.1 HERITABILITY (h2 ) 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 h 2 est.imate of fo.r_tnightly part yield showed an increasing 



Tabl,e 50. B~ti.atel of heritability. genttie and phenotypic cllrrelatiohB of obBer'¥ed lactation .iIk yield (OKH and fortnightly part hctation yield of hru SliB8 breed 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------__ h. 
Traits N'o. of OilY '1 ,2 r3 ,4 rS r6 tI rB '9 rIG r11 r12 '13 PH rlS f15 PI? fl8 ,U flO 

Dba. 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0"' m 0.31) 0.806 0.951 0.989 0.971 1.010 1.017 0.9fi1 1.006 0.980 0.943 0.950 0.961 1.009 0.990 0.921 0.905 0.935 0.189 o.m o.m 

+0.101 ~O.085 ~O.02D ~O.005 ~O.011 HE ~O.008 ~O.Ol' KB ~O.007 ~O.021 !O.020 ~O,015 HB !O.004 !O.OJS ~O,042 ~O.02B ~O.lal ~a.249 ~O.2JJ 

PI 969 0.610 0.190 0.951 0.915 0.811 o.m 0.153 0.604 0.126 0.111 0.161 0.186 0.111 0.869 0.685 0.511 0.659 0.651 0.511 '.201 o.m 
~0.D24 ~O.016 !.O,OH ~O.OU ~O.061 ~O,149 ~O.ln ~O.l12 ~O,111 ~O.lD1 ~0.097 ~0.09l :.0.099 ~0.062 ~O.lJ6 ~0.19S ~O.lU !,O.Il9 :,0.193 ~o.m ~O.12S 

r2 969 0.121 0.889 0.251 3.002 0.918 0.911 0.952 0.821 0.895 0.899 0.931 0.965 0.961 1.015 0.866 0.110 0.121 0.118 0.555 0.225 0.115 
+0.022 '0.014 +0.081 HE to.OOI +0,039 +0,023 +0.080 +0.045 +0.042 +0.0]3 +0.015 +0.016 HB 10.062 10.120 ,0.122 +0.118 IO.20a '0.J74 +0.110 

/1 969 -0.152 -0.192 -0.925 0.225 -1.001 -0.911 -0.981 -0.166 -0.962 -0.911 -0.959 -0.992 -1.'01 1.09. -0.911 1-0•851 -0.819 -0.816 -0.713 -0.112 -D.l6l 
:.0.021 ~0.019 :.0,012 :.0.082 HE ~O.030 ~O.D09 ~0.064 ~O.017 ~0.010 :.0,011 :.0.003 N~ HE ~O.OI' ':.0.016 ~O.08' :.0.071 :.0.151 ~O.J46 ~0.21' 

" 969 0.796 0.125 0.855 0.919 0.241 0.919 0.911 0.891 0.998 0.998 0.986 1.006 1.028 1.059 0.95) 0.864 0.815 0.889 0.125 D.l1I D.m 
,!O.019 !O,022 :.0.016 :,0.011 :,0.085 10.0]5 10.011 ,!O.050 !,O.OOl .,!D.GOI !0.005 NK HB liB ~O.024 ~o.m ~O.066 :,0.058 10.162 !,O.lD2 :.0.2:18 

r5 969 0.199 0.615 0.169 0.812 0.915 0.128 0.951 1.061 1.031 1.021 1.012 1.066 1.120 1.218 1.198 1.051 1.111 1.186 1.120 0.616 0.920 
:.0.019 :'0.024 !0,020 .!.O.017 !o.012 !,D.066 :.0.029 ME HI! liB ME Mg HE liB liE liB U liB NB :.0.02 :.0.143 

/6 969 0.812 0.596 0.115 0.798 0.116 o.m 0.115 0.9l9 l.m 1.016 L013 1.011 1.020 1.D1B o.m 0.06' D.m 0.715 0.56' 0.180 1.161 
:.0.018 :.0.015 .!.O,022 .!.o.o19 .!.O,016 !O.Oll :'O.naG ~O.Oln MH II! NS MB HK HR '0.028 ~O.OU :0.108 !.O.lU !o.m .!.O.l55 !.O.GJl 

rl 969 0.801 0.561 0.619 0.111 0.81. 0.811 0.911 0.121 0.912 0.932 0.911 0.941 0.950 1.016 0.982 0.883 0.815 0.652 0.611 0.815 0.611 
:0.018 .!.O.026 .:0.02] .!.0.021 .!.LOlB :0,015 :0.012 .+0.083 :0.026 .'0.029 .,!0,023 :.0.024 :.0.023 11K !O.OO~ .!.O.061 .!.O.InO .!.0.182 :.0.283 !0.171 :.0.441 

/8 969 D.m 0.532 0.111 0.696 0.157 0.189 0.811 0.915 0.301 1.020 1.029 LOll 1.051 1.033 1.010 0.018 0.869 0.1Il o.m I.m 0.186 
!O.G18 .!.o.m .!.O.OH ,:0,02] :.0,010 .!.D,019 .!.O.017 :0.012 !0.D95 HE HE N~ ME' HE liE .!.0,0]4 ~O.OU. :.0.016 !,O.194 :'0.259 :.D.301 

F9 968 I.m !.510 1.1Ii UII 0.132 0.161 o.m D.m 0.915 0.311 0.999 1.001 1.021 0.985 0.968 0.891 0.856 D.m o.m 0.519 1.159 
,!O.018 :0.027 .'0,025 .!.O,021 .:0.011 .!.O.020 .!.u,m !O.OI6 .'0,012 .!.O.IOJ "8 N~ liE !0.006 !O,Oll !O.045 :0.0&3 :0.068 !.D.lSl :,0.211 :,D.U9 

rIO 965 0.8]1 0.1880.588 0.635 0.102 0.135 I.m 0.8ll 0.8'9 0.920 o.m 0.991 I.OJ) 0.931 0.891 0.832 0.16' 0.147 0.519 0.123 0.1Il 
+0.011 +0.028 '0.026 +0.024 +0.022 IO.on +0.020 to.o18 'O,B16 to.012 to.109 +0.002' ~E 10,021 to.OU .!.o.m to.09~ :.0.091 10.180 to.2n :D.285 ---------- -- -- - -----------------------------------_ .. _---------------------------------------------------------------------------"------------._---------------------------------------------------

eGhtd ..... 

N 
o 
'" 



cODtd .... ;. table 50 

--------------------------------------------------------------------------------------------------------------------------------------------------------.-------------------------------
Traits Roo of o"y n F2 Pl F4 FS F6 F1 F8 F9 no PlI m FIJ Fl4 m rl6 fl1 Y18 Fl9 F20 obs. 

---------------------------------------------------------------------.------------------------------------------------------------------------------------------
PII 153 0.827 o.m 0.568 0.601 0.664 o.m 0.112 0.712 0.1'0 0.151 o.m 0.345 1.015 1.001 o.m MI2 o.m 0.834 0.716 o.m o.m 

~O.OI8 ~O.028 !O.026 :0.025 !O.02~ !O.02J :0.211 !O.020 :0.019 :0.011 !O,012 :0.102 ME NE !O.OIO !O.025 :0.045 !O.068 :0.136 :0.225 :0.238 

PI2 m o.m 0.151 o.m 0.567 0.620' 0.618 o.m 0.734 o.m o.m 0.8'8 0.917 0.113' 0.'84 0.961 0.961 o.m 0.791 0.755 0.1iI 0.1ll 
1~.Dl8 !D,029 :0.021 !O,026 !O.025 !O.02! :D.023 ,!.o.o22 ,!.C.021 ~o.o19 .!.O,OII !O.OI2 !0.I02 .!.O,007 ~o.au .!.O.OI6 .!.D.040 .0.083 .!.O.12O .!.D.201 .!.O.246 

Pil 516 0.817 0.118 0.505 0.515 0.5'0 0.622 0.672 0.716 0.711 0.158 0.791 0.847 0.91' 0.25' 0.'5i 0.'7' 0.916 0.888 0.851 0.777 0.670 
.to,on .!.O.W .!.O.028 .!.0.021 .!.O.026 .!.o.m ,!.O.OH !O.O2] !O.022 .!.O.021 .!.o.m ,!.o..ol1 .!.Ul1 ,!.O.n96 .!.D.Oal .!.D.009 .!.O.02S .!.O.OH .!.O.076 .!.o.I50 .!.o.m 

PII m 0.81\ o.m 0.171 o.m o.m 0.578 0.619 0.658 0.616 0.706 o.m 0.716. 0.821 0.506 0.322 o.m o.m o.m o.m 0.853 o.m 
.!.O.019 ,!.a.OlO ,!.O,a29 .!.O.02g !O.021 .!.o.m .!.O.026 !O.025 .!,O.024 .!.O.O2l .!.o.on .!.o.m .!.O.OI8 .!.O.Dl4 .!.G.lUI .!.O.012 .!.O.016 !,O.OlO .!.o.on !O.I04 -.!G.In8 

PIS 882 0.198 O.tll 0.115 o.m 0.508 '.115 0.572 0.601 0.112 0.612 0.181 0.121 0,]6\ 0.810 0.910 o.m 0.981 o.s5( o.m 0.516 un 
.!.O.020 .!.O.OlO .!.o.no ,!.O,029 ~O.029 !O.02a ~.O.027 .~o.on !a.026 !.O.025 _,o,024 .~o,023 .~O.O2l !o.o18 .!.0.0I3 .!.0.099 .~O.008 .!.La61 .!.O.012 !,O.D65 .!.O.1l2 

t'lb BbJ 0.191 O.H1 0.452 O.H2 O.48J D.m O.5J4 0.551 0,512 0.591 0.634 0.1172 0.101 0.164 o,8U 0.919 0.11] 0.917 0.993 0.959 0.81& 
.!.O.OlO !,O.OOl ~O.O]O 10.0]0 !.U29 !o.m ~O.D28 ..'.0.028 !O.011 .!.O.021 !.O.Ol6 !.o.o25 ·~O.OH !.O.OH !.O.DIB !.O.Oll .!o.101 .!.O.OH .!.O.003 !,O.02i .!.O.lD5 

PlJ 8U 0.180 o.m O.~58 0.450 0.481 0.461 o.m 0.504 0.525 O.5~6 O.60tl 0.620 D.W 0.698 0.762 0.809 0.898 0.117 0.826 D.m 0.616 
10.021 lO.Oll 10.0]0 '0.010 10.010 ,000JO '0.019 10.029 !o.m 1.0.028 .. 10.021 '0.026 Ifl.02~ 10.OH '0.022 10.0211 -,o.m 10.122 ~O.01J 10.161 ~O.167 

VIS W 0.136 D.m o.m ~.U& O •• ~b ft.H6 O.U~ 8.m o,m o.m. D.m o.sn D.S5~ 0.606 0.610 0.725 0.191 0.858 0.266 0,990 0.904 
'0.024 ~O.O]2 ~0;0ll ~o.OJJ ~D.Oll !O.OH !O.OJI !O.012 ~o.Oll ~0.0l0 !o.m .1.0.019 10.029 '0.028 .10.026 .'0.024 .~O.021 .!O.018 !D.m .!.0.006 .~o,o~, 

m 657 0.648 o.m 0.415 0.101 0.409 0.l74 o.m o.m o.m n.m n.420 o.m n.l57. 0.511 0.574 o.m ·0.70s' o.m 0.897 o.m o.m 
!.O.028 .~D.OJ4 ~UH !O.014 ~o.oH .!O.015 ~O.OJ5 !O.035 .~O.015 .~O.034 .'O.OH .!O.OH ~o.oll '0.0]1 .!.O.Ol1 ~D.m _10.026 !.O.025 .~O.016 .!O.085 ~a.029 

PlO UJ 0.607 0.105 0.415 0.101 0.415 0.171 n.m o.m o.m 0.357 o.m 0.1n! 0.109 0.456 0.529 0.596 0.670 o.m n.m o.m O.llI 
!,O,0J2 !,O.037 !,O.036 !,o.OJ'l !,0.036 !,O.Ol1 !,LOll ~O.038 !.O.018 !.O.011 .~o.m .!o.Oll !.0.U1 !O.Ol6 !D.014 .!.O.012 !O.O3O !o.OH .!.o.o21 !.O.Ol1 .!.o.m 

------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dja~onal values are esUlatea of heritability. The upper diagonal val~es are genetie eorrelations and lover dia9t1nal vahes are the phenotypie correlationa, 

OilY : Observed iaetatioD .m yield; Pi ~ Part lactation yield curi~~ ith fortnight 

'" .... 
o 



Table 51. Bati.ales of h~ritability, genetic and phe1lotypic I!orrehtiou of observed lactation .iIk yi,eld {OilY I and (ortDi~htl, put lactation yield of hran Frie. breed 

-- ----------------------------------_. --- - .. .., - . -- ----_. _ .. - -... -. --" -_. --- _ ... --_.. ..-.----_ .. ---------------------------------------~--- .. ------~-
fuils 110. of otIY rl r2 r3 N I'S 11~ 11 18 r9 PIO Fl1 1'12 m Fa P15 FI6 m p)8 PI9 r20 

uba. 

-------------------------------------------------------------.. ------------------------------~----------------~------------------~----------------------------
0", 1ll B.llI B.m B.151 B.8J8 B.880 B.9B5 B.m B.1I2 0.985 B.m 1.0l5 I.m 0.984 1.062 0.998 1.025 B.985 0.981 0.931 0.814 B.9!O 

~O.l06 !.O.105 !.O • .I10 !.O.314 !.!I.mi !O.a~8 :11.061 !6.!I!13 !!I.691 !o,aOO lflr !UOH !D,DOI !!I.DDI liB- IE :,0.001 !D.OB .!o.D~a .,!.O.085 !~.056 

'I 1lI B.51! 0.218 B.959 0.970 0.9U 0.979 D.m o.m D.705 0.791 D.m B.m 0.731 D.814 0.801 0.851 D.m o.m 0.815 D.119 B.m 
:0.029 .!.O.U5 .!.U15 .,!.O.OI4 :0.028 !0.010 !o.o66 .!.0.12] !O.1J1 !D.099 .'.0.095 :0,081 !O.II,~ .!.O,081 .'.0.091 .!.O,O.H .'.0.087 :o.on .,!.O.102 !D.U6 !U,lU 

F2 1lI B.598 0.820 D.100 o.m B.981 0.981 D.811 0.251 o.m D.183 0.719 0.111 o.m 0.703 1.705 0.158 o.m 0.899 0.108 0.519 o.m 
1.0.026 .,!.O,OI8 .'.0.101 .'.0.001 .'.0.009 !,O,D09 :6.059 .!.O.l!D .'.0.118 .!.O.lll .1.°.121 -,-D.W !.0,151 .'.0.124 .'.0.1J5 .'.0.126 .'.0,145 .'.0.U6 .,!.o.m .1.°.204 :0.147 

Fl 111 B.l11 0 • .152 B.911 0.lB8 B.m 0.998 B.m 0.821 0.159 0.831 0.8B9 B.801 O.no o.m 0.118 0.115 D.818 0.189 o.m 0.610 D.114 
.!.O.021 .'.0.023 .'.0.0)5 .'.0.108 10.003 fO,OOI !O.OtS .'.0.OB5 .'.0,109 .'.0,081 !O,089 .'.0.088 !O.t22 .'.0.094 .'.0.105 .'.0,082 .'.0.104 .'.0.129 .,!.O.140 .'.0,197 .'.0,154 

14 1Jl B.19j 0.818 B.W 0.941 B.10l 0.998 B.IH 0.822 0.81! 0.890 0.841 B.811 0.142 0.817 0.815 0.1ll D.812 1.811 1.780 1.811 0.785 
.'.0.02 .'.0,026 .'.0,019 .'.0.012 .'.0,108 .!.O.OOO .'.0.016 .!.0.060 .!.0.019 .'.'.054 .'.0,016 ~O.08S !O,lll .'.0,08D .'.0.089 .'.0,069 .'.0.091 .'.0.109 .'.0.162 ..!.O.116 !D.lSO 

,5 7lI B.794 O.W UBO O.B7I '.'2~ o.m 0.932 0.880 0.841 0.882 0.848 B.HI 0.105 '.90B 0.914 B.981 B.m B.840 0.1\2 B.581 BoIU 
~O.G22 .'.0.018 !B.OB !O.OIl !B.01J !O.099 10.015 10,06] 10.082 10.621 !O,018 ~UH IO,m In.on !o.otB !O.021 !O.05~ !.O.IOS !,O,1S1 !U,2S3 !O.125 

,5 211 •• 291 0.5'1 0.211 0.822 B.859 0.918 D.181 0.119 D.9!5 1.'10 0.912 B.915 '.144 I.Bll 2.021 1.048 1.085 1.011 D.901 0.71! 8.91! 
1.0.022 :0.029 !o.o25 !U,021 !O.O!8 +0.012 !O.l04 ME .'.0.001 HE !O,OOl ~U12 !O.O21 NE liB ME ME liE .!..O.D~l .'.0.138 .'.".Oll 

Fl m 0.804 O.5~O 0.685 0.115 0.825 0.884 O.~4J 0.255 O.99~ 1.002 0,969 D.H4 0',B5 1.028 1.0ll 1.053 1,080 1.084 1.012 0,923 0.915 
.'.0,021 .'.0.0)0 ~O.D2' !.O.02) !,O.020 !O.OlJ !o.o12 ,.'.0.101 IlE MS .o.on 10.021 !O,OH ~E ME. HE ME MB liE .'.0,055 .'.0.019 

'8 711 o.m 0.5J1 B.851 0.115 0.185 0.812 B.885 0.911 '.m B.918 0.918 B.III 0.930 1.01\ 0.921 1.018 1.081 1.111 1.051 0.929 I.D05 
.'.0.021 !O.OlI !O.028 ..'.0.025 ~O.022 !O.OlO !O,011 .'.O.D12 !.D.099 .'..0.012 .'.0,012 !.U~2 !.D.034 ,/ill ''',DIS IE' liE' }lB IB !,D.049 ME 

'I 121 0.81] 0.120 '.m 6.7IB 0.157 0.809 O.BS! D.890 o.m D.185 D.m 0.181 0.9&9 1.043 1.031 L094 1.111 1.133 1.033 0.191 0.161 
!O.Dll ..'.0.031 .'.0.028 .!.O.025 .'.0.021 .'.0.021 .!.0.019 ,!O.BI6 .'.0,011 ..'.0.102 ..'.0,006 .'..0,018 .'.0.015 HE HII liB HE ME NB ..'.0.012 !,M26 

FlO 128 B.m 0.519 B.81! 0.105 B.1II 0.188 U10 0.850 0.881 0.\21 o.m D.m 0.187 I.m 1.016 I.m 1.180 1.187 1.055 o.m 0.9l0 
!1I.m !o.OJI !O.O"/9 .'O.02~ 10.014 '0,012 +0.02\ 10,019 'D.Oll '0.011 +o.I0( 10.005 '0.006 HP. liB IE: liE HE lIE .0.n9 10.036 

---------------------.---.--.--- --- .. _-- ------- .... ,._- ---- ----------_ .. _----- ._-- •.. _ .... - ...•. _., •..... _... . ..... -. ---- ._----._----_ .. _" ... --- ._--_ .. _--------------_." 
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trend from 1st fortnigh.t to 4th fort.night and dec).ined during 5th 

fortnight and subsequently increased from 6th fortnight to 10th 

fortnight, and thereafter decreased from 11th to 15th fortnight. 

Further, b2 estimate increased from 16th fortnight to 17th 

fortnight and decreased thereafter. The h 2 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 h 2 estimate of fortnightly part yield showed an increasing 

trend from 1st fortnight to 4th fortnight and decreased from 5th 

fortnight to 8th fortnight and subsequently increased from 

fortnight 

estimate 

The h 2 

to 13th fortnight and decreased therea£tera 

was highest (Oa346) for 13th fortnigthly p~rt 

estimates ox 2nd to 4th fortnight and·· 11th 

The 

to 

yield. 

13th 

fortnightly. part yields were found to be higher than that of OMYa 

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 yielda 

estimates of 

reported that 

·Only few reports were available on heritability 

fortnightly part yields. Singh et al a (1967) 

the h 2 estimate of first fortnightly part yield was 

0.22 in Haryana cattlea 

4.9.2 BERITABILITY (h2 ) ESTIMATES OF MONTBLY PART YIELDS 

The h 2 estimates of monthly part yields are given on 

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 h 2 

estimate of monthly part milk yield showed an increasing trend 

from 1st month to 2nd month and declined during 3rd month. 

Further it showed an increasing trend from 4th month to 5th month 

and decreased subsequently ·from 6th· month to 10th month. The h
2 





Table 53. Kstjlates of heritability, genetic and phenotypic correlations of obRerv~d lactation lilk yield (OMYt and louthl, part lactation lilt yield 
of Karall rnes breed . 

-------------------------------------------------------------.------------------------------------------------------
Traits 10. of OHY 

Clbservations 
HI H2 Hl HI H5 H6 Hl H8 K9 HIO 

--------------- -------------------------------------------------------------------------------------------------
OHY 815 0.291 0.741 0.860 o.m o.m 1.022 1.992 o.m 0.991 o.m 0.930 '0.010 :1.11l fO.064 .0.015 .O.m H8 +0.003 ~O.OOl '0.003 :0.136 10.043 
HI 815 0.666 1.302 0.911 o.m 0.709 0.751 0;691 0.116 0.790 0.710 1.812 .o.m :1.107 :!.O.012 '0.1ll .0.Bl 10.114 ;1.132 fO.l22 'O.llS .• 1.110 '0.119 
H2 835 0.193 o.m 0.116 0.918 0.828 o.m 0.752 1.774 0.834 0.765 0.7e8 .0.022 :0.020 .0.109 '0.011 .o.m .0.072 .!.O.106 '0.097 '0.090 :0.129 :0. III 
Hl 815 0.807 0.720 0.119 o.m 0.947 0.951 0.895 0.963' 1.012 0.882 o.m .0.121 :0.025 :0.016 '0.101 '0.028 .0.022 :0.051 '0.018 Ii '0.016 :0.036 
HI 815 0.818 0.611 0.801 0.916 0.156 . 0.911 o.m 0.961 1.019 1.052 1.015 

:0.121 .0.028 :0.022 .0.011 .0.101 .0.Oll :0.018 ;0.007 Ii 18 II 
H5 8ll o.m 0.596 0.158 0.816 0.918 0.179 o.m 1.017 1.127 1.061 1.001 '0.019 +0.029 .!.O.O24 :0.019 10.014 .0.101 .!.O.UZ Ii IE .E .E 
H6 819 0.867 0.511 0.671 0.751 0.801 0.891 0.107 1.Ol! 1.110 1.008 1.082 .o.m :0.01l '0.027 .:!.O.O24 '0.022 '0.017· .0.110 II II IE .E 
H7 801 0.815 M93 o.m 0.692 o .m 0.811 0.906 0.311 LOll 0.985 1.014 fO .018 ,0. III .!.O.O29 .0.027 10,025 '0.022 .!.Q.OI6 .!.O.1l5 " '0.009 II 
H8 787 o.m o.m 0.552 1.580 o.m 0.681 0.785 1.891 0.196 1.015 G.968 

'0.621 ;0.01l ,o.m '0.1ll '0.030 '0.028 . ;0.023 'o.m ,8.996 . .I! .8.121 

K9 763 0.811 O.U! 0.516 0.512 0.518 0.612 o.m 0.778 0.891 0.118 0.871 .0.023 ,0.035 .0.1ll 'O.Oll ,0.011 ,o.m +0.028 '0.025 .0.018 .0.09! .!.O.08ti 
H10 619 0.719 0.498 0.518 0.196 0.171 0.518 0.548 0.604 8.101 0.819 0.215 .0.032 .0.040 ,0.040 .0.010 10.041 '0.010 .o.m '0.037 .!0.1ll '0.025 ,0.121 

---------------------------------------------------------------------------- --- -----------_._---_._---_ .. _ .. -------------- -----------------------
Dia~onal, values are estillates of heritability. The upper diagonal values are genetic correlations and Jc.wer dia90nal values are the phenotJpic 
correlallClDs. 

where, M~ : part .ilk bield during ith lonth 
N : not estina Ie 

IV .... 
'" 
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was highest 

month. The 

(0.405) for 

h 2 estimates 

5th month and lowest (0.1951 for 

of 5th and 6th month part yields 

3rd 

were 

found to be higher than that of observed lactation milk yield 

<OMY) in Karan Swiss cattle. 

In case of Karan Fries breed, it was found that the. h 2 

estimate of monthly part yield also showed an increasing trend 

from 1st month to 2nd month and declined during 3rd month. 

Further, it increased from 4th month to 7th month and decreased 

thereafter from 8th month 

h 2 was found to be highest 

for 8th month milk yield. 

to 10th month. The 

(0.341) during 7th month 

The higher estimates of 

estimate of 

and lowest 

heritability 

could be seen from '1st, 2nd, 6th and 7th month as compared to 

OMY. 

It is thus seen from above presentation (Tables 52 and 53) 

that ~th 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 h 2 was observedd during 3rd month 

part yield in both breeds. 

VanVleck (1964) reported that the estimate of h 2 for 5th 

month of first lactation was found to be 0.40 for Ayreshire. 0.'03 

for Guernsey. 0.27 for Holstein. 0.20 for Jersey and 0.59 for 

Brown Swiss 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 h 2 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, 0.121 and 0.152 in Murrah 

buffaloes. Further. it was seen that 1st month and 5th month 

part yields were more heritable. 
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. 2 
Sharma e~ al. (1980) observed that the h estimate was 0.723 

for 5th month and 0.875 for 6th month in Haryana cattle. Sharma 

et al. (1983) reported that the h 2 estimate was 0.34 for 4th 

month part yield in Haryana cattle. 

Srivastava and Khan (1987) gave a range of b 2 from 0.30 to 

0.46 for 1st month to 10th month part yields in Sahiwal cat-tIe. 

Singh et a1. (1988) reported a range of heritability estimates 

from 0.16 to 0.52 for 1st month to 7th month part yield of first 

lactation in Sahiwal breed~ Pande (1988) found h 2 for 2nd month 

part yield to be 0.29 in Gaolao cattle. Singh et ale (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 h 2 estimates for 

10th month part yields 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. 

heritable. 

It was seen that the 4th month part yield was· most 

4.9.3 HERITABILITY (b2 ) ESTIMATES OF BIMONTHLY PART YIELDS 

The h2 estimates of bimonthly part milk yields are given on 

diagonal of Table 54 for Karan Swiss and Table 55 for-Karan Fries 

breeds. 

For Karan Swiss, it is seen from Table 54 that the h 2 

estimate of bimon.thly part yield showed an increasing trend from 

1st bimonthly to 3rd bi~onthly part yield and declined 

thereafter. The h 2 estimate was highest (0.388) for 3rd bimonth 

yield and lowest (0.245) for 1st 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 yield showed a decreasing trend from 

1st bimonth yield to 2nd bimonth yield and increased during 3rd 

bimonth and declined thereafter. The h 2 was highest (0.337) for 



Table 54. Estimates of heritability, genetic and P'lenotypic correlations of observed (an!') and 
bimonthly put lactation yield in Karan SWiss breed. 

Traits No.of (MY Bl B2 B3 B4 B5 
oba. 

(MY 969 0.343 0.945 L007 0.949 0.957 0.519 
:,:0.101 +0.023 NE +0.020 +0.019 +0.185 

B1 969 0.755 0.245 0.924 0.958 0.855 0;514 
:,:0.020 +0.085 +0.035 +0.018 +0.055 +0.217 

B2 969 0.850 0.803 0.260 L020 0.936 0.637 
+0.016 +0.019 +0.088 NE :,:0.033 +0.235 

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 852 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 0.285 
:,:0.028 +0.035 +0.035 +0.034 +0.027 +0.115 

Diagonal values are estimates of heritability. The upper diagonal values are genetic correlations 
and lower diagonal values are the phenotypic correlations. 

where, Bi ::: Bim::mthly part lactation yield of i th part, NE == Not estimable 

IV ... 
"' 



Table 55. _imates of heritability. genetic and phenotypic co~relations of observed (CM'{1 and 
bimonthly part lactation yield in Karan Fries breed. 

Traits No.of CM'{ Bl B2 B3 B4 B5 
oba. 

CM'{ 969 0.294 0.819 0.992 1.009 0.974 ,0.998 
:0.106 +0 • .080 +0.003 NE ",0.012 :0.001 

B1 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 +0.019 +0.002 NE 

B3 969 0.889 0.692 0.873 0.327 1.073 1.034 
:'cO. 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 NIl 

B5 607 0.791 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 1JR)er diagonal values are genetic correlations 
and lower diagonal values are the phenotypic correlations. 

where, Bi '" part milk yield during i th biIoonth 
NE = Not estimable 

'" ,.., 
'" 
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1st bimonth yield and lowest (0.247) for 5th bimonth yield. The 

h 2 estimate of 1st 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 

~art yield was most heritable in both breeds. 

Mehta (1961) reported that the h 2 of first 

bimonthly part yield was 0.05 for Karan Swiss and 0.88 for Karan 

Fries breed. sushil KUmar (1990) reported that the estimate of 

h 2 was 0.136 for 1st bimonth yield for Sahiwal cattle. 

4.9.4 HERITABILITY (h2 ) ESTIMATES OF CUMULATIVE PART YIELDS 

The h 2 estimates for 10 monthly cumulative part yields are 

given on diagonal of Table 56 for Karan swiss and Table 57 for 

Karan Fries breeds. 

For Karan Swiss breed, it is seen from Table 56 that the h 2 

estimates of monthly cumulative part yields showed an increasing 

trend from first 30 days part yield to first 180 days part yield 

and decreased thereafter. The h 2 estimate was highest (0.328) 

for first 180 days part yield. In general, there was more 

consistency and uniformity in the estimates based on cumulative 

part lactation yields. The h 2 estimates ranged from 0.246 to 

0.328 for monthly cumultative part yields. 

In case of Karan Fries breed, it was found that the estimate 

of h 2 of monthly cumulative part yields showed an increasing 

trend from first 30 days part yield to first 60 days part 

and decreased from first 90 days to first 120 days part 

yield 

yield. 

FUrther it showed an upward trend from first 150 days ·to. first 

210 days part yield and decreased thereafter. The h 2 was highest 

(0.363) for first 210 days part yield. The h 2 estimates ranged 

from 0.309 to 0.363 for monthly cumulative part yields. All the 

estimates of h 2 for cumulative part yields were more heritable 

than that of OMY. 
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fable 51. B.tilates fit heritabiHt" genetic and phenCltrpic cureliltioDs of ob.erved lactation .i1k yield {OM!I and cnlalative lactation Iilk yield 
01 Karan f.. $.lU. . 

i,..i~ 

Traits Mo. of OMI 
observations 

CHI·30 CMHO CHI-90 CH!-12O CHH50 CK!-l80 cn·un CHH40 m-21O 

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

OK! 731 0.291 0.711 o.m 0.871 0.925 o.m 0.990 0.992 0.984 0.914 
~0.106 .0.102 '0.080 .0.059 ~O .036 '0.015 +0.004 ~O.OO3 ~0.007 '0.012 

CHHO 731 0.673 0.309 o.m 0.988 0.957 u,938 0.913 0·.889 0.868 0.813 .U2l .0.108 .0.001 '0.005 '0.020 ~O .029 !.O.O~O ~O .051 ~0.061 '0.013 
CHHO 731 0.761 0.960 0.ll1 0.996 0.975 0.960 0.918 0.912 0.890 0.876 

.0.023 +0.010 +0.112 .0.001 ~o.Ol1 '0.019 . +un +U39 +0.050 .0.051 -, 
CHI·90 731 0.536 0.913 0.982 0.328 0.991 u,982 0.967 o.m 0.930 0.917 

+0.021 +0.015 +0.006 .0.111 10.004 ~O .008 '0.015 '0.230 +0.032 '0.039 

CHH20 731 0.536 0.870 0.953 0.989 0.311 0.997 0.989 0.179 o.m 0.956 
~0.020 +0.018 +0.011 .0.005 ~o.t09 ~o.m '0.005 :0.009 :0.017 '0.021 

CHH50 726 0.868 0.839 0.929 0.973 0.993 0.3p 0.995 0.990 0.976 0.914 
.0.018 .0.020 +O.OlJ ~0.008 +0.001 +0.1 9 +0.001 :0.001 ,o,on '0.012 

CHI·180 712 0.911 0.813 0.906 0.955 0.981 0.991 0.318 0.991 0.992 0.992 
+0.015 +0.021 .0.015 .U11 .0.007 ~0.003 +0.115 H8 fO.003 .0.003 

CHI·210 in 0.918 0.789 0 •. 882 0.935 0.965 0.983 0.995 0.363 0.996 0.996 
+Ull +0.023 +0.017 .0.013 '0.009 +0.006 +0.003 :0.119 '0.001 .0.001 

CK!-240 671 0.963 0.763 0.861 Mil 0.915 0.966 0.981 0.995 0.361. 0.999 
+0.010 ~0.O24 +0.019 +0.015 :0.011 +0.009 .0.006 '0.001 .0.120 Hi 

CK!·m 615 0.979 0.754 0.816 o.m 0.929 0.951 0.971 0.986 0.995 0.355 
!,O.OOS :0.026 ~O .021 ~0.017 ~O.O14 '0.012 '0.009 fO .006 '0.001 +0.124 

------- ------------------------------------------------------------
Ditlqon.!l, values ue estimate" of berihbility. 'he llpper diagonal Yalueg a,re genetic correlations and lover diaqonai uluea are the pbenotnic 
correlations. 

where, CH1i = cu.ulative lactation .ilk 7ield of jth days 
fiE = not estilable 

N 
N 
N 
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It is thus seen from above results that first 180 days part 

yield for Karan swiss and first 210 days part yield for Karan 

Fries were most heritable. 

Madden et al. (1955) reported the estimates of h 2 to be 0.34 

for first 120 days and 0.63 for first 214 days part yield in 
2 Holstein cattle. Smith and Legates (1962) reported h. of first 

90 days part yield of first lactation and first 90 days part 

yield of later lactations to be 0.16 and 0.38 in Holstein cattle 

respectively_ 

Singh et al. (1967) reported the estimates of b 2 to be 0.39 

for first 75 days and 0.63 for first 135 days part yield in 

Haryana cows.. Singh a,nd Acharya (1969) gave a range of b 2 from 

0.16 to 0.43 for 1st monthly cumulative part yield to 8th monthly 

cumulative yield in Haryana cattle. Singh and Tomar (1983) 

repor~ed h2 of first 150 days part yield to be 0.36 in Haryana 

cattle. 

Auran (1976) gave a range of h2 from 0.18 to 0.25 for first 

to tenth ID0nth cumulative part yield in cattle. Sharma ec al. 

(19831 reported h 2 of first 120 days cumulative yield to be 0.42 

in Haryana cattle. 

Mehta (1981) found lower estimates of h 2 for monthly 

cumulative yield in Karan Swiss and higher estimate of mon"thly 

cumulative yield in Karan Fries breeds. 

Sushil 'Kumar (1990) reported higher estimate of h2 for first 

30 days yield and lower estimates of h 2 from first 60 days yield 

to first 270 days part yield in Sahiwal cattle. 

Thus estimates of part lactation milk yield as reported by 

different workers showed divergent trend. 



4.9.5 HERITABILITY 

(aMY) AND 

ESTIMATES OF OBSERVED LACTATION MILK 

PREDICTED LACTATION MILK YIELD (PMY) 

SYSTEMATIC AND STRATIFIED RANDOM SAMPLING SCHEMES 

224 

YIELD 

UNDER 

The b 2 estimates of OMY and PMY's under fortnightly, monthly 

and bimonthly systematic and stratified random sampling schemes 

are given on diagonal of Table 58 for Karan Swiss and Table 59 

for Karan Fries breeds. 

For Karan Swiss cattle l it is seen (Table 58) that the h 2 

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, 0.35' ~ 0.103, 0.35' 

+ 0.103, 0.341 + 0.101 and 0.398 + 0.109 in Karan Swiss cattle, 

respectively. T~e dif~erence of b2 of PMY under various sampling 

schemes as compared to the estimate of OMY were found to be -0.2 

per cent _for 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 cent f'or 

bimonthly stratified random sampling schemes. 

In case of ~aran Fries breed, it is seen (Table 59) that the 

h 2 estimates were 0.294' + 0.103 for OMY, 0.278 + 0.104 for 

fortni9htly, 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 bi~onthly stratified random sampled predicted lactation 

milk yield. The differences of h 2 of PMY under three testing 

intervals of both sampling schemes as compared 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 cen~ for monthly and -3.6 per cent for 

bimonthly stratified ra'ndom sampled PMY. 

It is thus seen from above results that the h 2 estimates of 

PMY under various sampling schemes. varied from 1 to 5 per cent as 

compared to estimate of OM~ in both breeds. The h 2 estimates of 



T.>ble 58. Est.imates of heritability, genetic and !;i>enotyPic correlations of obse:tved (G!¥L and 
predicted (R>t'i) lactation milk yield Wlder various aanpling schemes for Karan Swiss 
cattle 

Traits G!¥ 61 62 63 64 S5 S6 

G!¥ 0.343 1.001 1.002 1.004 1.000 1.001 0.946 
!0.102 NE NE NE NE NJi NE 

81 0.995 0.341 1.004 1.005 1.002 1.002 0.949 
!0.003 10.101 NE NE NE NE :,:0.004 

S2 0.989 0.986 0.356 1.002 1.004 1.001 0.950 
:,:0.005 :,:0.005 :,:0,103 NE NE NE NE 

83 0.971 0.973 0.971 0.354 1.007 1.000 0.950 
:,:0.008 :,:0.008 :,:0.009 :,:0.103 NE NE NE 

S4 0.995 0.990 0.984 0.968 0.354 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 
:!:O.O05 :,:0.006 :,:0.008 :,:0.010 :,:0.007 :,:0.101 NE 

66 0.950 0.946 0.937 0.922 0.945 0.942 0.398 
!0.009 :,:0.010 :,:0.010 :to•012 :,:0.010 !0.014 :,:0.109 

Diagonal values are esti.mates of heritabpity. The ~r diagonal values are genetic correlations 
and lotler diagonal values are the ~typic correlations. 

where, NE = Not estimable N 
N 
<.n 



Table 59. Estimates of heritability r 9~netic and phenotypic correlations of observed (eM{) and 
predicted «('MY) lactation milk yield under various sampling schemes for Karan Fries 
c.;tttle 

------------
Traits eM{ Sl S2 83 S4 S5 86 

eM{ 0.294 1.000 1.002 1.007 0.999 0.998 1.004 
.!0.103 NE NE NE NE NE NE 

81 0.996 0.278 1.001 1.007 0.999 1.~0 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 

53 0.972 0.973 0.969 0.269 1.002 0.998 1.001 
+0.008 +0.008 .!0.009 !0.103 NE NE NE 

84 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 0.907- 0.982 0.976 0.961 n.90l 0.243 1.001 
+0.005 +0.006 .!0.008 +0.010 +0.007 +0.993 NE 

86 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 lll:¥t' diagonal ... values are genetic correlations 
and lower diagonal values are the phenotypic correlations .. 

where. NE '" Not estimable 
N 
N 
en 
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OMY and PMY were higher in Karan Swiss breed as compared to Karan 

Fries breed. 

Bhatnagar et al. (1983) reported estimate of h 2 of milk 

yield in Sahiwal cattle to be 0.25 + 0.12. Chand and Narain 

(1984) found that the h2 of first lactation milk yield was 0.42 + 

0.27 in Sahiwal cattle. 

Taneja and Bhatnagar (1985) reported the h2 of lactation 
../ 

milk yield to be 0.35 ~ 0.18 in Tharparkar cattle. Senger et al. 

(1987) found the b 2 of 300 day milk yield to be 0.23 + 0.26 in 

Tharparkar cattle. Khan et. .al. 

Sahiwal and crossbreds to be from 
'. 

(1988) gave a 

0.20 to 0.76. 

range of of 

. KUmar and Bhatn~gar (1989) reported the'b2 of milk yield to 

be 0.78 + 0.21 in Karan Swiss breed. 

Arora and Sharma (1983) found the h2 of first lactation milk 

yield to be 0.31 + 0.10 in Holstein Friesian cattle. 

Singh 

in Friesian 

h2 was 0.26 

cows. 

et al. (1986) reported the e5ti~ate of h2 to be 0.34 

x Sahiwal cattle. Nishimura (1988) observed that the 

+ 0.08 for l'actation milk yield in Holstein Friesian 

Carabana et al. (1989) reported the 

in Holstein Friesian. Werf et al. (1989) 

h
2. . 

estimate to be 

observed the h2 of 

0.16 

QMY 

h 2 
to be 0.38 for crossbreds. Welper et al. (1989) observed that 

estimate for lactation milk yield was 0.22 in Holstein cows. 

Dass (1991) reported that h 2 estimate for observed milk 

yield (OMY) was 0.132 .! 0·.138 and that of predicted lactation 

milk yield (PMY) under systematic sampling 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. In similar way. h2 of 
_ .. -.. 

PMY under stratified random sampling scheme were found to be 
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0.122 + 0.137 for fortnightly, 0.063 ~ 0.126 for monthly and 

0.140 ~ O~139 for bimonthly test records in Murrah buffaloes. 

4.9.6 GENETIC AND PHENOTYPIC CORRELATIONS OF OBSERVED LACTATION 

MILK YIELD WMY) WITH PREDICTED LACTATION MILK YIELD 

(PMY) UNDER VARIOUS SAMPLING SCHEMES 

The 

---­observed 

basis of 

bimonthly 

estimates of genetic and phenotypic correlations of 

(OMY) with predicted (PMY) lactation milk yield on the 

test records drawn under fortnightly, monthly and 

systematic and stratified random sampling scheoes are 

given 

breed. 

in Table 58 for Karan Swiss and Table 59 for 

It, 16 seen from these table~ that the 

Karan Fries 

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 Fries breed. All the estimates of phenotypic and 

genetic correlations were statistically significant (P < 0.01) in 

both breeds. These results suggest that the predicted lactation 

milk yield under var10US sampling schemes would give high 

phenotypic and genetic accuracy of selection for lactation milk 

yield. 

These results agree with the findings of Pirchner (1961)r 

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 

monthly and bimonthly systematic and stratified 

records were highly significant. Most of 

correlations 

buffaloes. 

were closer or approaching unity 

fortnightly, 

random test 

the genetic 

in Murrah 
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4.10 EVALUATION OF BREEDING VALUE OF SIRES ON THE BASIS OF 

OBSERVED LACTATION MILK YIELD (OMY) AND PREDICTED LACTATION 

MILK YIELD (PMY) OF THEIR DAUGHTERS UNDER VARIOUS SAMPLING 

SCHEMES AND PART LACTATIONS 

The purpose of evaluating breeding value of bulls on the 

basis of observed lactation milk performance and predicted 

performance of daughters was to examine whether the sampling 

methods, viz.. systematic and stratified ~random, under three 

testing intervals had any impact on the accuracy and efficiency 

of sire evaluation. Further, it is of int'erest to examine the 

effectiveness of various preva~ent sire evaluation methods under 

different sampling schemes. For· this purpose, four methods of 

sire evaluation were 'used. These were: 

i) Daughter's average (II), 

ii) Contemporary comparison method (12), 

iii) Least squares method (13' and 

iv) Best linear unbiased prediction (BLUP) method (14). 

4.10.1 SIRE EVALOA~ION BY DIFfERENT METHODS ON THE HASIS OF 

OBSERVED LACTATION MILK YIELD FOR KARAN SWISS AND KARAN 

FRIES CATTLE 

The breeding values of Karan Swiss and Karan Fries bulls 

estimated on the basis of their daughterfs observed lactation 

milk yield (OMY) along with their ranks are presented in 

Table 60. All these sires had at least five daughters with first 

lactation milk yield. 

It was found for Karan Swiss breed that by index method 11' 

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 

bree'dTng value was 3105.75 kg (24.54% above average) of sire 

No.1617. The lowest index was 1669.57 kg (33.04% below average) 



Tilbl~ fiG. Sire indices aad their ru.kiDg based 011 'observed lactatioll .ilk yield IOMYI bJ different lethods 

-----------------------------iARAK-sijii-siiii-----------------------------------------------------------~AiAH-jijii-iiiii-----------------------------------

....................... _-_._------_.- .. _.---------------------------------'-- -.----------_ ... _----------_ .. _-----------._------._------------------------
Sire 110. of 11 R 12 R 11 R 14 R Sire No. of 11 R 12 R 13 R 14 R 
M •• dal]ghters , .. dau9hters 

per sire per sire 

-------------------------------- .... --', . -- .. __ .. ------------ - - . ----- - -- -----------------------------------------------------------------------------------------
I 24 JOlI.lI 5 2981.93 ) 2612.S8 29 2619.77 29 2 24 2938.29 38 2707.21 49 2657.63 18 2710.21 43 
3 H 2711.59 II 11l6.1l 2 2759.14 !! 2744.72 II 3 II 1473.45 9 mO.34 17 3095.18 8 2931.72 8 
6 6 2711.11 17 ml.89 '0 2825.67 12 2705.U 17 4 18 2692.22 17 2812.96 II 2191.11 50 2627.15 51 
9 6 2711.11 II 260l.)! 22 2830.33 II 2m.8S 16 S 7 2854.11 12 2665.66 51 2174.86 51 2618.11 49 

12 2l 2466.11 21 2153.92 19 2611.96 21 2617.12 21 15 5 lnO!.60 II llll.!! 25 2583.00 41 211l.55 37 

" 5 2306.60 35 2291.36 35 2108.88 50 2463.11 48 I! 10 2990.10 35 J279.8I II 3826.68 II 2196.82 12 
16 5 2626.00 21 2m.16 25 2279.20 17 2682.38 21 20 24 2162.58 Il 2790.59 46 2676.54 16 2722.21 11 
17 21 3011.11 7 lm.93 4 m2.11 16 2741.15 14 24 8 . lll2.1l 16 ll65.47 21 2779.88 27 2793.41 17 
22 II 2271.82 12 2895.99 8 2858.09 18 2745.70 12 1I 5 1203.00 21 2968.80 II 2616.20 39 2761.8' 31 
28 14 2404.79 30 2148.96 It 2554.4) lJ 2m.50 33 40 3619.00 6 3463.11 5 3211.11 5 ml.49 6 
J6 19 ]091.24 3 .1118.12 I HO~.Ob II 2276.07 9 45 10 1675.40 41 2942.68 II 2617.20 44 2724.26 40 
'0 I lJIO.25 14 1010.43 45 2J14.00 45 2496.84 39 74 6 3664.50 5 3228.0J 16 1011.83 15 2867.33 18 
11 15 30ll .00 4 2283.56 37 ml.33 20 2701.98 18 104 7 4110.29 1 3512.05 3 3m.!] 2 3015.35 2 
56 24 2566.25 23 2890.65 9 2642.04 26 2640.26 26 W 7 2652.29 49 2961.82 36 2635.71 42 2745.81 34 
60 5 2067.20 B 2003.49 48 1112.00 49 2467.02 46 118 16 1217.19 10 ml.35 4 2981.Jl 18 2899.07 II 
13 10 1112.10 39 1902.71 SO 2412.80 40 2470.10 41 liS II 2110.73 54 muo 54 1120.91 54 2499.89 54 
75 15 2500.13 25 2361.24 12 2526.n 35 2571.55 35 194 . 8 2356.25 53 2712.49 48 2224.00 52 2589.84 51 

104 II 260J.i2 22 2691.1 9 20 2901.85 6 2787.09 5 III ) m2.57 4 lm.91 9 ml.14 4 2942.66 5 
W 9 mU9 29 2596.59 24 mO.33 18 2693.52 20 m 14 ll70.29 24 3091.62 26 2751. 07 10 2776.17 10 
172 18 2041.12 1& 2811. 80 46 2114.19 44 2412.80 50 281 26 1042.18 19 2841.08 43 2741.00 Jl 2762.01 32 
186 77 2644.51 45 1531.56 51 mO.62 36 2490.19 40 III Il 2941.11 17 lJ98.41 10 2m.15 21 2557.60 21 
III 41 2207.62 40 2235.22 37. lSll.82 14 2551.56 36 111 11 2900.00 40 2939.15 18 2575.18 48 2701.21 45 
316 23 1960.60 49 2011.47 47 2387.83 41 2465.60 17 lIO 46 1011.80 lJ 2611.14 51 2611.87 45 2656.47 50 
l40 18 2108.44 42 2257.14 36 mB.28 11 2612.25 32 364 2J JJU.17 15 Jll8~66 24 2904.91 22 2866.17 20 

I 1I7 I 2318.15 31 2568.1& 26 2690.18 24 2659.64 14 385 36 lm.ll 16 1l77.1! 8 2972.39 20 2921.98 9 
m 19 2000.42 48 2091.84 B 2460.26 38 2522.87· 38 687 10 1551.00 J 1206.83 18 lIS8.90 6 2951.61 I 
478 21 2Jl9.00 31 2568.10 22 2741.00 21 2112.47 15 H6 16 3491.69 8 322B.ll IS 1055.35 10 2937.71 7 
4!l II 1812.86 50 19l5.45 49 2161.36 42 2482.52 42 821 5 2921.40 39 2804.45 45 lSl5.00 49 mO.73 lS 
811 6 2058.81 41 2349.36 14 2468.81 37 2575.36 l4 2507 48 2640.63 50 2782.21 47 2571.23 37 2700.43 16 
846 16 2155.15 41 2400.10 30 2459.81 19 252U6 32 2981 12 272U3 46 \ 3816.29 11 2626.58 35 2743.57 16 
851 11 22JUI 38 2364.36 JJ 2602.54 H 2617. 57 H 3005 8 ll91.'18 22 \1379.U ) ·3097.11 7 2909.95 10 
947 11 2126.60 11 2668.50 21 2615.96 28 2621. 97 28 3026 14 2740.50 44 1032.H" 30 2686.64 JJ 2743.10 15 

'" '" contd ....... 0 



eODtd •••••• table 60 

---------------------------" -- .~----- _. . .---.. - ~ -- -. -------- --- --- --------------------------------------------------------------------------------------------
JARAK SKISS BREBD ~ARAN FRIBS BREED 

.-.-------------~~----------.~ .. --------------~.---------------~--~--.------ ----------------------------------------------------------------------------
Si re ko. of II R I I R 13 R 14 , Sire No, cit I I , 12 R 13 R 14 R ". daughterll ". daughters 

per sire per slre 

---------------------------------_ .. -- -- - ---.,- . .. -.- - -. ------ --- -----------_ .. _ .. --- ------------- -_... .. -. -----------------------------------------------

10H I 2lH.00 J1 2111.!2 31 1110.40 41 ll&9.10 44 3041 Il 1826.81 41 3089.42 28 2861.46 11 1833.11 l! 
1m 23 2801.48 II ml.lI 16 1606.39 13 1754.46 11 JlOl 6 mU5 14 3474.7B 6 305],00 11 mU5 13 
1061 16 mO.lI 41 2118.48 42 lllUI 4l 1412.11 49 3143 B 3911.10 1 3813.81 I 3116.JB 1 3081.61 I 
1081 7 1669.17 II Im.18 44 2018.86 II 2189.17 II 3168 9 3113.11 11 3m.54 IJ 2696.11 31 2160.09 33 
1089 12 2813.41 10 2886.42 10 30[9.41 1 . 1840.66 2 3111 6 JJ11.11 13 '3152.29 11 3085.33 9 2881.53 15 
1106 2l l492.52 26 m6.93 JI 1668.1i 11 m8.60 II 3 Ill. 20 '17l4.81 45 1963.10 31 1616.61 H 2121.11 39 
1116 10 lill.80 9 2m.19 18 2990.20 3 1808.98 5 3211 8 3036.00 JO 316J.50 12 1888.63 11 2m .51 15 
1158 21 1137. II 15 lIlUB I 2911.48 5 1811.51 1 JlS6 1 mOdi 3 11591.30 1 1119.43 3 2979.08 3 

. 1361 16 3011.88 6 2m.l0 14 lI04.81 I 1919.18 1 1198 5 3106.00 16 1146.35 13 1052.40 11 1868.30 11 
1416 10 lJ!8,JO Il m6.31 18 1590,00 31 261l ,68 31 4011 11 3H1.H 13 3085.81 29 1990.21 11 1885.10 16 
1561 28 1916.18 8 1111.06 38 1695.86 11 Im,64 21 4011 6 3230.61 19 19lU5 H 2153.00 29 2786.89 28 
161) 11 3105.lJ I 1016.15 11 2m,2) I 1190.29 1 4011 9 W6.89 II' mo.!! 10 3030.56 1J 2891,99 14 
1621 25 1215.14 16 3066.63 5 2m.80 9 l!O3.\O 6 4066 8 J2J8.63 18 muo 41 1090.38 lJ 1834.20 23 
.1622 Jl 2685.10 19 3042.85 6 2801. 91 1 1811.14 4 4069 1 3102.14 21 1965.91 J4 2811.19 16 2814.93 26 
.1616 11 1659.61 10 1069.0) 1J 1803.41 8 1168.05 10 4015 II 3005.15 31 1999.11 J2 2598.33 46 2701.11 U 
1617 21 1554.61 H 281B.16 11 2691.li 13 2613.16 lJ 40il 15 1999.00 J4 1841.4J 12 1648,80 40 11l1.01 12 
1655 1 3098.14 1 1800.24 15 1199.11 1\ 1101.66 19 4093 10 2964.10 36 1923.13 40 2623.50 4J 2696.26 41 
3lJl 5 1459.20 18 1643.23 II 1169.00 46 2485.31 41 4101 5 Hl1.80 11 3m.82 14 3003.80 16 2855.31 21 
3310 5 1152.10 36 1401.63 29 2116.60 18 2160.12 15 1101 ·8 JJl4.13 11 3091.86 21 1911.15 19 2866.10 19 

4111 11 3099.06 10 3183.30 19 2168.06 20 2183.10 29 
4116 8 1514.15 51 2631.13 52 2151.50 53 1563.62 53 
9815 44 258e.J9 51 m4.92 10 1640.11 II 1619.25 48 

.. _--- .. -- .. _-_._._----------------------------------------'--
v~erl!, R ~ Rallk of the sire; I( : !laughter's ave~a91! lethodj 12 = ConlellJOrarV cOJlpariso[l lDelhod; I) ~ I,east square anaJvsis lIelho~ 

14 = BLUP lethod 

'" w .... 
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of sire No. 1085. The difference between the highest and lowest 

inde< was 1436.16 kg. 

The estimates of sire index by method 12 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 

indeK 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 13' th~re 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 highe·st index was 3104.81 kg C18 .• 79% above 

average) of Slre No. 1361. The lowest index was 2018.86 kg 

(22.75% below average) of sire No. 1085. The difference between 

the highest and lowest index was lOBs.9s kg. 

The evaluation of breeding value 

indicated that there were 23 sires which 

average breeding value; whereas 28 sires 

average. The average breeding value of 

by 

had 

had 

sires 

index method 

indices· above 

index below 

was 2636.26 

14 

the 

the 

kg. 

The highest index ~as 2919.18 kg (10.73% above average) of Slre 

No. 1361. The lowest index was 2389.10 kg (9.3% below average) 

of sire No. lOBS. The difference between the highest and lowest 

indices was 530.18 kg. 

In case of Karan Fries breed, it was found that by index 

method II' 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 s~re No. 

185. The difference between-highest arid-lowest index was 1551.9 

kg. 
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Evaluation by index method 12 revealed that 29 sires had 

index above the average breeding value. whereas 25 sires had 

index below 

3076.B7 kg. 

average) of 

of. sires 

(23.95% 

average. The average breeding value 

The highest index was 3813.81 kg 

sire No. 3143. The lowest index was 

was 

above 

2J54.30 kg 

(20.23% below average) of sire No. 185. The difference between 

highest and lowest inde~ was 1359.51 kg. 

Further. it was found that by index method 13' there were 26 

sires which had index above the average breeding value, whereas 

28 sires 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 (24.80% below average) of sire No. 185. The 

difference between the .highest and lowest index was· 1435.47 kg. 

On evaluation by index method I4r 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 2~99.89 kg 

(10.77% below averagel of sire No. 185. The differenc2 between 

highest and lowest index was 585.78 kg. 

4.10.2 SIRE EVALUATION BY DIFFERENT METHODS ON THE BASIS OF 

PREDICTED LACTATION MILK YIELD (PMY) ONDER FORTNIGHTLY 

SYSTEMATIC SAMPLING SCHEME FOR KARAN SWISS AND KARAN 

FRIES BREEDS 

The breeding values of Karan Swiss and Karan Frles 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 11 

there were 25 sires which had index above the average breeding 

va1ue, whereas 26 sires had index below average. The average 

breeding value_ o_f sires was 2.4-92.24 kg. The highest .lndex was 

3111.18 kg (24.83% above average) of sire No. 1617. The lowest 



table 61. Sire iDdices and their r~Dkinq baaed OD PHY uDder fortniqhlly a1ll~lalic salplinq 8chele by dillereul leth~ds 

--------------------------------------------------------------------------------------------------------------------------------------------------------------
KARAN SWISS BREED KARAN FRIBS BRBBV 

----------------------------------------------------------... _-------. __ .. _- _.-.----------------------------_ .... --. __ ... _----------._------------._----
Sire N~. of II , 12 II R II R Sire H~. ()f II , 12 R II , II R 
10. dillighters Mo. daughters 

per sire per sire· 

----------------------------------_._---.-------._ .. _-------------------------------.-._-----_.----------------------------------------._------------.--------
1 21 1051.15 5 1006.81 1 2611.29 21 2612.99 21 2 24 2911.11 18 2109.01 4B 2164.29 18 2114.15 H 
I 19 2l12." 16 JIl9.89 I 2162.2B Ii 2111.2B II I II· 

, 
3464.55 II 1210.99 IB 1091.21 I 2915.29 I 

6 6 21IUI 11 2119.21 I' 2111.11 12 2699.41 11 4 II 2m.H 18 2181.01 46 lIlI.18 50 2615.21 51 
9 6 2129.00 II 1651.91 21 2m.ll II 1101.60 16 6 1 1m. 11 12 \2611.05 51 1119.51 51 2659.21 50 

Il lJ 2161.8J 11 2156.61 8 2614.22 16 2611.B6 26 15 5 2991.40 JI ])08.B2 25 2IB.00 49 m9.60 18 
11 5 2liO.00 15 1292.11 IS 2091.6D 50 2161.15 Ii 18 10 mO.50 15 m'.B5 12 1022.50 Ii 289B.ll II 
10 5 2611.00 21 2566.S2 21 2161.00 11 2fi7i.1B 21 20 21 2158.50 4J 2181.11 45 2611.81 IS 2121.63 H 
11 21 1011.81 6 3041.2/ I 21fil.lJ 10 mO.28 14 21 8 3320.88 11 1155.51 21 215l.B8 29 2185.19 28 
12 11 2191.91 II 1900.61 8 2860.11 9 215!.l6 II 14 5 1190.00 n 1%1.58 14 muo n m8.i9 II 
28 II 2101.11 10 2141.21 41 1514.91 12 2581.86 lJ IB 1 IIBl." 0 1511.11 I mo.oo I 2958.06 4 
16 " )100.31 1 .\t 1 1\. b~ J 2110UO I J 2111.11 9 45 10 270 I. SO n 297).86 )l 2148.50 19 2138.11 19 
10 8 llIO.88 )1 lOtO.11 45 2JlU3 4' 2508. ~5 J9 " 6 m8.01 5 )282.0~ ll- 1,15.11 II 2889.03 16 
U II 1010.10 I 2152.81 19 2m.ll .21 H91.00 19 10.' 1 41O"a.11 I 1541.01 1 1420.81 2 IOIi.16 2 
50 24 2S.g.25 2. 20B.12 11 2b2~.~2 18 2012.14 20 111 1 2&~O. 29 19 2954.61 J8 2628.29 II 2114.89 16 
00 5 20~S.bO IJ 2020.12 10 1129.40 .9 2115.51 II I ~ 0 18 3213.6b 11 3521.23 , HaO,6l 18 2900.83 13 
II 10 2229.81 19 ]940.Ja . 49 mo.n 10 W4.81 42 lOS II 1111.09 5. 2155.10 5' 2111.00 51 2501.32 54 
15 IS 2505.21 25 2111.1l 12 2513.13 II 2516.U l5 194 8 2318.13 53 2m.01 50 2188.25 52 2SH.82 52 

101 II 2592.00 22 2m.1I 20 289UI 5 2180.01 8 2ll f noa .00 4 llfiO.9O 0 ll4o.n 5 2951.95 0 
111 9 2445.41 19 2189.48 24 2155.22 n ·2190.91 20 III I' 3111.64 23 JOgS. 93 28 2155.01 28 2119.01 10 
112 10 1Ol5." 11 2001.11 18 1109.59 15 2431.61 10 281 28 1042.15 19 2841.18 12 2215.90 lJ 2160.18 II 
106 lJ lOlO.56 48 10ll.1l 51 2466.45 18 1481.11 41 1II 13 2940.15 39 1301.11 10 2912.46 21 2850.22 22 
193 15 2209.11 40 mO.II Jl 1514.81 14 2551.81 38 114 II 2m.91 40 2959.40 31 2599.61 41 2112.61 45 
JI6 21 196).41 19 IBI9.11 41 II9l.09 II 2469.81 11 140 ... 10)5.00 )2 2610.11 52 I621.6l 45 2661.61 19 
l4B Ii 2096.10 12 2255.!8 10 mO.l1 II 2605.12 )1 )8~ lJ 115l.18 15 1162.45 22 2915.14 21 1881.Ii 11 
1I1 8 2368. B 1I 2556.91 11 2619.50 11 2655.01 25 )05 10 1401.n II mB.05 9 2916.28 20 2911.)9 10 
415 19 1991.11 18 2091.11 .43 2456.84 19 1511.15 18 I8l 10 )516.10 1 JlB6.14 19 1159.10 0 1956.15 5 m I. 2111.14 II 21BI.51 21 2219.96 20 21I8.S! 15 140 16 W1.00 9 1211.81 18 1044.81 15 HI5.15 1 
181 II 1811.50 50 Ul5.18 10 mO.88 42 lIB).9i' II 8 II I muo 18 1815.48 II ml.60 48 2148.11 II 
811 0 2089.50 41 2165.18 Jl 2488.11 16 2582.8l 14 2501 18 2611.21 10 2m.55 41 2610.21 11 2899.15 10 
018 Ii mU9 41 l4D6.01 18 2466.50 31 2511.81 11 2981 12 2m.)1 45 1025.3~ 31 2012.21 I) 2141.n IS 
851 II 2241.00 Ja mUI 1I 2109.lJ .10 2621.01 19 J 005 8 1222.50 20 3416.89 1· IIll.II 1 2928.10 9 
9H II 2111.b8 14 mJ.40 22 2~n.92 29 2620.02 10 3016 I. {m.O? 44 l010.51 30 2080.18 14 2113.52 lJ " "' '" 
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index was 1665.29 kg (33.18% below average) of sire No. 1085. 

The difference between the highest and lowest index was 1445.89 

kg. 

Index method 12 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.B% above 

average) of sire No.3. The lowest index was 1821.11 kg (27.87% 

below average) of .s-i~~ No. 186. The difference between highest 

and lowest index was 1318.18 kg. 

Furthe~, it was found that by in~ex method 13, the~e were 28 

Karan Swiss sires which had index above the average breeding 

value of sires, whereas'23' Slres had index below average.. The 

average breeding value of Slres was 2614.02 kg. The highest 

index was 3135.21 kg. (19.93% above average) of sire So. 1361. 

The lowest index was 2017.71 (22.81% below average) of sire No. 

1085. The difference between the highest and lowest breeding 

value was 1117.50 kg. 

When breeding value of Karan Swiss sires was evaiuated by 

index method 14' there were 26 sires which had index above the 

average breeding value; whereas 25 sires had index belo~ aver~ge. 

The average breeding value of sires was 2636.96 kg. The highest 

index was 2935.39 kg (11.31% above average) of sire ~o. 1361. 

The lowest index was 2392.38 kg (9.27% below average) of sire No. 

1085. The difference between highest and lowest index ~as 543.01 

kg. 

Similarly, in case of Karan Fries breed, it was found that 

by index method 11, there were 25 sires which had index above the 

average breeding value; whereas 29 sires had index bela. average. 

The average breeding value of sires was 3120.59 kg. The highest 

index was 4108.71 kg of sire No. 10.4 and lowest index was 

2147.09 kg of sire No. 185. The difference between the highest . . 
and lowest indices was 1860.62 kg. 
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Evaluation of breeding value by index method I2 showed that 

there were 28 sires which had index above the average breeding 
~alue, 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 lowe'st 

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% b~low average) of sire No. 185. The difference between 

highest arid lowest index was 1.451~50 kg. 

Evaluation by index method" 14 showed that there were also 26 

sires which had index above the average breeding valuel whereas 

28 sires had index below average. The average breeding value of 

sires was 2805.52 kg. The highest index was 3096.11 kg (10.35% 

above average) of sire No. 3143. The lowest inde~ was 2501.32 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 (PMYI UNDER MONTHLY 

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 predicteq.·· lactation milk yield 

under monthly systematic sampling scheme alongwith their ranks is 

given in Table 62. 

FOr Karan Swiss (KS) breed, it was found that by index 

method 11' there were 27 sires which had index above average 

breeding value, whereas 24 sires had index below average. The 



fible 62. Sirt indict. ind their ran~in9 bas~d OQ PM' undtr lonthly IrBlelalic aa.pliD9 8chele by different .ethod~ 

-----------------------------------------~---------------------------------------------------------------------------------------------

~ARAN S~lSS BRRRD KARA~ FRIES BREED 
---...... -........ -....... -------.--.-~---.------.---- ._----_._--._--------- _____ • ___ J _____ • _____ ••••• ____ ••••••• ______ •• __________ •• __________________ 0 

Sire Mo. of II R 12 13 I. R Sire He. of II R 12 R 13 14 , 
I,. daughters ". da1l9~ters 

per sire p~r sire 
--------------------_ .. _-_ .. -_ .. _-- -_. - ----_.,---- "'-"--_ .. _ ....... -.- ,---_. .-. _. ------------------------_ .. ------ -----------

I 14 HSl.l8 I 3011.10 1 2m.!6 l! 1638.16 2! 2 24 2~61. 96 36 211l.31 .8 2612.\1 31 2119.11 41 
3 19 2106.16 18 J116.0J J 1l58,U 10 1145.10 Il 3 II 3n4.Jl 9 3128.81 16 -ml.36 8 2911.19 1 
I 6 2149.00 I, 22n.12 19 2862.10 II 2122.61 16 , IS 2650.61 '8 21\8.11 41 2418.18 10 2m.11 51 
9 6 2108.11 11 26J9 .20 II 21~1.50 14 mS.61 18 6 1 2815.00 '2 jl610.'0 51 2364.00 51 2612.03 50 

12 2l 2480.61 21 2173.51 11 2618.10 26 2653.43 26 II I 3012.20 30 -3Ul.86 25 liOl.'O Ii 2150.11 36 
I. 5 lH6.00 36 2244.40 31 1038.10 10 211l.16 19 18 10 m5.10 14 1193.32 12 JOI8.40 16 2m.3' 13 
16 5 2~~2.60 21 2584.a~ 16 2192.40 16 1590.64 21 20 14 m!.l8 41 2110." .6 2662.29 38 2116.26 42 
11 21 3015.63 6 3015.12 I 2181.30 11 2144.81 14 2. 8 ml.25 14 3206.'8 19 2812.1l 21 2808.<9 21 
12 II 2791 •• 5 12 2~09.~0 ~ 2864.13 10 2156.68 12 JI I ]223,60 22 2910.96 31 2650.20 10 2163.21 32 
2' II 1158.61 JI 2165.02 41 2522.11 J4 2112.61 II .. 1 ]6~1 ,41 6 35Jt.40 I 3212.86 • 2962.22 • 36 19 JlOI.9I 1 l1\ •• OJ 2 2'21.98 12 2190.11 I ,5 10 2E50.00 H 2920.90 41 2188.10 H 211l.0n 14 
.0 8 2Ill.l0 11 1021.19 45 Ill]. 00 11 2505.9] ]9 H 6 lll4.61 I l251.14 11 ]018.61 13 2819.~6 11 
H II 2919.21 1 2119.10 19 270 •• 93 2l 2618.91 12 104 1 4159.14 1 3m.83 2 3161.00 2 1035.88 2 
IE 21 21J2.ll JJ 2901.30 11 2651.14 21 2550.12 21 141 1 25H.41 17 mO.61 35 2646.86 n 21\0.12 35 
60 5 20JO.20 11 2003.1E I J 2120.80 10 2410.30 .5 148 - 16 12,0.81 20 J555.E5 • 300l.0E 11 2915.11 11 
13 30 2111.50 38 19H.II 49 2m.Ol 38 2496.11 10 181 11 2131.91 5, 2111.01 5. 2122.21 51 1I9l.!8 51 
11 15 2456.11 28 mUI II 2101.11 II 2561.36 31 194 8 1311.00 13 2511.32 49 2191.15 52 2511.~0 52 

104 13 2EOI.n 22 2698.51 21 - 291\.92 5 ml.62 • m 1 1166.00 I Jl41.51 9 1191.86 5 2910.93 0 
111 9 2456.11 19 2591.08 25 ml.16 H H91.ll 19 213 11 1180.93 23 3m.51 21 2768.13 29 2186.19 29 
112 18 2016.39 41 2001.04 16 ml.06 " 2411.08 10 281 2E 1021.19 33 2801.06 43 1121.04 32 2152.23 14 
186 11 mo. 11 15 1811.16 51 2413.88 36 W3.18 42 311 13 2931.14 38 lll2.69 10 2916.23 24 28E1.1I JJ 
193 II 2210.11 19 2231.14 11 2538.50 B 2\51.11 3E 314 II 29H.21 39 ml.l1 36 mo.oo 45 2111.12 H 
316 23 1911.13 19 1980.09 18 2Jl5.21 42 2.51.11 11 140 IE 3043.65 31 2611.11 52 2E20.E1 41 2EEl.12 49 
J40 18 2W.SO 12 22!1.1I 31 26U.Bl 30 2619.11 30 164 2l B66.n II 3119.00 2] 2921.51 11 1081.18 IE 
311 • 2311.38 30 1160.11 21 2180.10 Jl 2550.21 11 )85 31 3451.81 )0 3401.11 8 1991.06 18 2914.18 6 
lJ\ II 1!J1&.00 '" mua IJ 1441.21 10 JII!. Jl 3. 681 10 m1.4u 1 31 M'l.12 21 lIB.20 1 2118.01 5 
m 28 2151.01 Jl 161U3 21 2114.16 18 m~.59 H l46 16 Hil." 8 3JJl.E5 J8 3011.91 10 2938.31 9 
III II 1801.11 10 1911.93 50 llJI.06 II 2481.80 4J 821 I 2905.20 10 21S5.~3 45 1108.60 49 2123.99 39 
835 6 2030.11 16 2126.61 31 lUl.83 J9 H6B.48 31 2101 18 2642.00 50 21i1.02 II 26J6.06 16 2101.93 45 
818 16 21&0.25 41 JJ8l.l1 31 2155.81 II 25n~9B II JI81 12 2lJ7.J5 45 1044.66 II - 2698.\0 13 m4." Jl 
051 13 mB.31 11 JJ\3.J6 12 2\90.0B 11 261E.91 11 3005 8 12J3.ll 21 3431.51 1 3141.18 E 2m.E9 10 N 
111 25 2Ji3.11 12 2116.68 20 2648.11 10 2646.21 28 JOlE _ 14 ml.64 14 3056.90 )0 2691.86 J4 2111.22 11 w 

'" 
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------------------------------------~--------------------------------------------------------------------------------------

IIRI' SiIS, BRijlD KARA, fRIIS BREW 
--------------.~---.-~----------------------------.---._--_._------.-.--._.- ---_._----._------------._ .... ___ . _____ . ______________ --_.0 ______ ---------.. 
Sire Ro. of II R 12 R II R I, R Sire 110. cf I I R 12 R 13 R 11 R 
'0, d~u9hters Ro, rlau9bters 

per sire per sire 
__________________________________ 0--- _____________ .• __ 0_ ._ •.• _ •. ,. ________ . ________ 

- .. _ .. _---_.,._ .. -- --- ,._--------_ .. _-----------------------------
1039 5 m5,61 10 2181,75 II 2m,10 19 2l51.O) 16 30n 1J 2m,69 II 3129,93 26 2901.11 25 2811,13 21 
1063 21 2801, lJ II 2288,21 16 2816,13 11 2762,34 11 Jl07 8 3361,11 16 3469,19 6 3021.63 15 2888,11 15 
1065 16 2028,31 47 2095,02 41 2lI7.56 II lUJ.BI 18 Jill 8 1912,)5 2 Im,21 .1 1181,61 1 llO2,31 I 
10!1 7 165),1l 51 mo,n 44 2005,00 51 llB2,19 51 3168 9 Jl6UI 14 ml,11 11 2142.00 31 2280,03. 30 
10R9 12 l8!8.01 9 2910,96 8 1044,11 2 ml,ll 2 1111 6 3112,13 26 1221.21 17 1027,17 11 2875,90 18 
!la6 21 2517,1J 25 1396,11 30 2676,91 25 2661,88 21 1m . 20 2701,15 16 2917.55 lJ 266).00 19 2122,08 10 
1216 10 lSl7,18 10 2m,62 18 2985,70 3 2811.19 6 llll I JIl5,ll 25 3235,03 15 2981. 50 20 2872.85 20 
1258 21 17l1,68 15 1158,40 I 291l.O8 7 lSl1.85 1 3256 7 3799,00 3 3593,12 3 1291,86 3 2971,51 . I 
!J61 16 1054,63 I 2865,1l 11 3126,25 1 2936,71 1 3298 5 3098.00 28 3153,41 1I 3019,60 9 2873,11 19 
1I~6 10 1ll0,10 16 2108,94 H 2\10,60 12 2606,19 12 1012 11 JIll.18 II 3011 ,54 29 299),)3 19 2891,98 11 
15!1 28 2916,0) 8 2246,15 Ii 2115.11 21 269l,J] 20 4821 , m8,61 19 2929,1l 10 2788,81 28 280D.85 28 
1617 11 1102,00 2 2889.81 12 2911.18 , 2)96,16 ) 4051 9 mO,)8 12 3193,11 20 1015.33 11 2901,15 12 
1611 25 2150,60 II lIl8,12 I 2910,12 8 2812,26 I 1966 1 J268.l5 18 2931,67 19 2911,1J II 2148,11 25 
1621 31 2616,48 20 101l,86 6 2898.65 9 2m,57 5 1069 1 1111,1I 11 2911.11 33 2854,00 26 1823.01 26 
1626 12 2691.67 n 2904,61 18 2914,15 6 2788,12 10 4015 12 2976.58 35 2978,93 II 2Sll,51 48 2191,11 41 
1121 21 2551,95 14 2815,'2 IJ 2691,11 21 21l1,60 II 1081 15 1029,80 32 2818.92 !l 2681,80 IS 2139,81 II 
IlSS 1 1085,86 I l791.65 15 2191,00 15 270),01 17 4091 20 2966. 90 lJ 2910,38 18 2621.15 11 2696,25 46 
1m 5 2481,00 26 2650,51 22 2199,10 '6 2496,21 H 1101 5 1156.00 11 1279.61 13 301l.60 11 2811,18 21 
mo 5 1269,60 II 2m,21 28 2117,60 17 'lIJ9,10 41 1102 8 llOJ,JI 17 1091.18 28 2914,50 21 2810,19 22 

lin 11 3070 :59 29 J172.21 22 2111,41 30 lJ71,1l JI 
4226 8 m2,13 52 2620,95 II 2111,00 51 2550,61 51 
9115 H 2568,50 51 lHl,J6 SO 2625,05 II 2666,50 Ii 

------------------------------------------------------ -_ .... ----------.. --- ,-, ...... --~- .... --p--- ._---. -----, .. -- --._----_ .. -----------_.---------------------------
_here, R ~ Rank of the aire; I} : Dauqhter'~ ~ver~ge method; 12 =- Contemporary comparison lDethCldi 11" Least square a:nalYliis method 

r. ~ lIt.1ID .... t h",. 

N 
W 
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average breeding 

index was 3105.94 
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value of sires was 2492.98 kg. The highest 

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 I2, 

there were 27 sires which had index above t~ 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 lowest 

index was 1817.46 kg .(28.07% below averag~) 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 

sires which had index above the 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~ 1361. 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 14, there were 28 Karan Swiss 

Slres which had index above the av.erage 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 kg 

(12.36% above average) of sire No. 1361. The lowest index was 

2382.SQ kg (Q.7% b~low avprage) of sire No. 1085. The differencp 

between highest and lowest index was 553.82 kg. 

In case of Karan Fries breed, it was found that by index 

method 11r there were 25 sires which had index above average 

breeding value, whereas 29 sires had index below average. The 

avera9~ breeding value of sires was 3121.29 kg. The highest 

index was 4159.14 kg (33.25% above average) of sire 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 method 12, 

there were 28 sires which had index above the average breeding 

value and 26 sires had index below the 

breeding value of sires was 3085.39 kg. 

average. The aver~ge 

The highest index was 

3851.24 kg (24.82% above average) of sire No. 3143. The lowest 

index was 2444.04 kg (~O.78% below average) of sire No. 185. The , . 
difference between highest and lowest index was 1407.20 kg. 

Evaluation by"index method 13 showed that 26 sires had index 

above. the average breeding value, whereas 28 sires had index 

below the average. The average bre"eding value of Karan Fries 

sires 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 

(2S.81% below average) of sire No. 185. The difference between 

highest and lowest index was 1491 .. 25 kg. 

On evaluation by index method 14r it w~s found that there 

were 27 Karan Fries sires which had index above .the average 

breeding value, whereas 27 S1res had index below average. The 

average breeding value of sires was 2806.38 kg. The 

index was 3102.31 kg (10.54% above average) of sire ~o. 

highest 

3143. 

The lowest index was 2493.68 kg (11.14% below aver-age) of sire 

No.ISS. The difference bet"ween highest and lowest index was" 

553.82 kg. 

4.10.4 SIRE EVALUATION BY DIFFERENT METHODS ON THE BASIS OF 

PREDICTED LACTATION MILK YIELD (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 yield 

(PMY) under bimonthly systematic sampling scheme alongwith their 

ranks is given in Table 63. 



TabJe &3. Sire illdice8 and their rankill:g based aD PHY under hi_oAthl, BrBte.aUt' sa.plin9 Behne by differel'lt .ethods 

--------------------------------- -- .. --.-._-_ ..... -- .. -..... . .. _ ... '. ,-- --- - --- ._. __ .. _------- ..... _.------ -_ .. __ .,.. "- -- ---_. --------------------------- ---------------. 

~ARA~ SMISS RRKKD XARAK FRIiS BRiiD 
------------_._---------------------------_._---_ ..... ---------------------- ------·· __ ·---_······_--------.---------0 ______ -------...... _______ . ________ 
sire No. of II R 12 R IJ , 

'4 R Sire 110. of II R '2 
, 13 , 14 B 

No. .dau9hters Mo. dall9htecs 
per sire per sire 

.. _ .. __ ._----------- . __ .. _-.- ---_.,-- . -.. --.---- - _ .. _----- -- ..... --"'"". -""-_.,"."'_ ... - ----- .. -------------------------------------------------
I 24 3109.75 3 J085.99 4 ]689.66 25 2680.09 " 2 24 2951. 50 3B 2716.0B 48 2653.63 J5 2701.58 12 
l 19 21l1.00 II 3193.10 I 2809.86 16 2192.24 II 3 II mo.o4 II 1121.10 21 3004.13 13 2884.33 11 • 6 m1.11 16 21l2.24 39 2854.11 10 2124.91 18 4 18 2611.n 48 mI.ll 16 2414.61 50 2542.50 51 
9 8 2861. 63 19 2.11.91 24 2601.00 11 mO.lJ 19 6 1 1880.00 42 2871.81 50 211l.11 51 2818.88 49 

12 2l 2498.81 21 2192.64 17 2683.13 28 217l.11 16 Il 5 3019.40 JO 3093.56 11 1561.60 U 1116.31 36 
II 5 2184.00 35 2286.10 15 2015.10 19 Wi. 85 48 18 to 2911.50 40 3238.96 15 2915.10 11 2861.81 11 
16 5 2559.20 22 2\J5.0 21 mo.oo 21 2681.65 22 10 14 m2.13 46 2142.55 41 1622.54 41 2681. 90 46 
11 21 3m.56 6 3017 .88 6 2184.11 IB 2752.91 13 14 8 HJ1.3S II 1221.il 16 2S41.25 25 2801.61 25 
22 II m5.91 II 2852.24 13 2838.1J 14 2151.11 14 34 5 muD u mU8 34 2648.20 31 2148.50 II 
28 14 1360.11 31 2111.21 40 2m.19 l5 1584.!4 14 40 1 m5.21 5 1152.61 I 3001.14 4 2959.14 5 
36 14 1015.94 4 lilO.'1 ] 2826.51 15 2141.16 , 45 10 2603.10 41 H5UI 10 2615.30 43 ml.lo 34 
40 8 mo.so H 1120.69 45 Bl5.88 45 2511.20 40 14 6 l69UO 6 3206.45 18 1440,;1 15 2046.44 14 
U IS H60.00 1 1601.68 11 2641.01 14 1611.43 25 104 1 4025.86 I Im.61 5 lJJl.OO I 2468.10 3 
56 14 2511.63 15 2819.94 16 2601.63 30 2622.44 JI 141 1 m8.29 49 2955.14 37 2598.43 45 2111.11 38 
80 5 2116.60 41 1131.64 44 115UO 11 2491.51 43 146 16 mU8 21 3489.36 4 2911.38' 20 281l.93 13 
1l 30 2114.37 40 1853.41 50 1418.63 40 2414.53 45 185 II 2111.16 54 2195.96 54 1I41.1l 51 2501.87 54 
15 15 2464.53 24 lH4.01 Jl 2521.80 16 1521.19 16 144 8 mB.25 53 21lJ.4l 51 1111.50 53 2538.26 52 

101 13 2610.77 11 1ll6.62 14 2153.42 5 1811.40 1 "213 1 " 3158.86 4 3313.21 10 3188.29 6 2420.16 9 
I4J 9 1519.1! 16 1660.70 13 mO.1! II 224).51 16 JJJ II 3183.93 22 Jl05.JO 25 1142.19 28 2763.69 28 
111 18 2013.89 41 1011.68 46 m6.06 44 lll4.16 50 281 26 Jil1.J5 19 2830.01 13 2723.04 19 2114.11 33 
106 77 1048.11 16 1020.63 51 2500.26 31 1510.22 39 JlI Il 2941.13 34 3314.10 4 2404.l5 11 2844.98 20 
191 IS 2214.98 37 1248.51 36 1l1l.00 Jl 2581.40 35 !l4 11" 2961.18 37 1983.41 32 2615.1l 41 2709.42 U 
316 13 1951.30 44 1481.58 48 2398.21 II 1420.29 46 110 46 2984.09 11 2585.47 53 1575.72 41 2621.07 SO 
340 II 2083.34 44 2228.11 10 1540.18 32 1615.00 11 164 13 3184.61 11 3041.84 18 1851.61 13 2830.14 11 
341 8 2421.15 30 2611.11 15 2156.00 10 1100.52 20 385 )6 1401.56 11 3m.1I 8 19!9.08 19 1903.3l 10 
415 II 1981.58 48 1055.23 4l 2461.11 34 2529.96 38 681 10 3631.00 1 3164.13 12 1113.10 5 2464.60 4 
m 28 2349.0) J3 2m.1J 1, 2182.'1 19 21IB.46 15 146 16 J48I.H 10 324l.30 14 3043.69 II 2423.48 6 
4Bl 14 1834.00 50 19l1.54 49 1J88.n 42 2502.56 42 811 " 5 2980.80 34 1843.05 42 2591.20 46 l1l4.45 14 
835 6 2115.31 43 2348.48 10 2554.00 34 2619.24 31 2501 48 2512.58 50 2165.52 45 2646.04 38 1677.07 41 
848 16 1148.31 II W5.11 32 1463.06 38 1539.10 J1 2981 12 1)03. 83 43 Ja66.I3 )0 1113.50 II 1151.13 io 
851 Il 211U2 38 1326.60 34 2609.lJ 19 2630.48 )4 3005 0 .-'n8~.1l 18 )4)6.59 1 3161.50 1 2422.60 0 
911 25 23l0.14 31 110U.2D 21 1655.40 18 2655.92 18 3026 i4 2141. 64 41 3011.53 31 2661.51 JJ 2112.81 31 

N .. 
N 

contd •...... 
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For Karan Swiss breed r it was found that by' index method II' 

there were 26 sires which had index above the average breeding 

value, whereas 2.5 sires had index below the 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. 1517. The lowest 

index was 1619.43 kg (35.13% below average) of sire No. 1085. 

The difference between highest and lowes~ index was 1575.02 kg-

When Karan Swiss 'sires ;:,:ere evaluated by index method 12, 

there were 26 sires which had index above the average breeding 

value, whereas 25 sires had in4e~ below the average. The average 

breeding value.of Slres 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 (2·7.68% below average) of sire No. 186. The 

difference between highest and lowest in~ex wa;:; 1364.47 kg. 

Evaluation by index method 13 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 No. 1085. 

The difference between highest and lowest index was 1183.18 kg. 

When s~res were evaluated by index method 14' 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 

s~res was 2657.36 kg. The highest index was 2967.47 kg (11.66% 

above average) of s~re No. 1361. The lowest index was 2384.37 kg 

(10.27% below average) of sire No. 1085. The difference between 

highest and lowest index was 583.10 kg. 

In case of Karan Fries breed, it was found that by index 

method 11, there were 24 sires which had index above the average 

breeding value, 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. 3B% above average) of sire No.. 104. The 
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lowest index was 2191.36 kg (29.57% below average) of sire 

No.185. The difference between highest and lowest index was 

1834.50 kg. 

Evaluation by index method 12 revealed that 

index above the average breeding value, whereas 

index below average. The average breeding value 

3070.93 kg. The highest index was 3783.21 kg 

29 sires 

25 sires 

of sires 

(23.19% 

had 

qad 
was 

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 method 13, it was seen that there 

were 26 Karan Fries sires which had' index above the ave'rage. 

breeding value, 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 average) of sire So. 3143. 

The lowest index was 2094.38 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 14 that there were 26 Karan 

Fries S1res which had index above the average breeding 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 (lO.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 YIELD UNDER FORTNIGHTLY STRATIFIED RANDOM 

SAMPLING SCHEME FOR KARAN SWISS AND KARAN FRIES BREEDS 

The breeding values of Karan Swiss (KS) and Karan fries (KF) 

breeds on the basis of_ their daughter's predi~ted lactation milk 

yield (PMY) under fortnightly stratified random sampling scheme 

are given in Table 64. 
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conld •••••• table 6. 

--------------------------------------------------------------------------------------------------------------------------------------------------------------
KARAN SWISS BRBEV BARAN FRIES EREED 

-_ .. --,-------- --. -------------" ---- _. --------_._--- ------------------ ------- ----_. __ .. _-------------------_ ....... _-----_._---------------------.-.. __ .. 
Sire , No. of II R 12 
No. dallghters 

R 13 R 14 R Sire No. of 
No. daughteu 

I I R 12 R I] R 14 R 

per sire per sire 
----- ----- ------------_._-- --_ .. _-- . . ....... _. --.... --- - .• ___ ••• _. - •••• --0 o ••• _ ••• ___ 0 _______ ._ ••• __ ••••• _._ •• __ • __ ••• _____________________________ • _____________ 

10]9 5 2212.40 40 2118.05 40 2091.00. 49 2451.65 41 3011 Il mU5 41 J05S.83 28 2858.00 25 2812.43 25 
106] lJ m9.]5 II mO.68 18 2184.83 15 l7J8.56 IJ HOI 8 m4.50 13 l4JU9 S 3049.00 13 2891.35 13 lObS 16 2019.19 46 1111.H 41 llH.H ·0 2m.36 49 3113 8 J~J:/.15 2 3626'l6 I 3514.00 I 3092.]0 I 1085 7 1614.21 51 2024.15 U 1986.43 51 2372.96 51 3168 9 llJ6.0U 26 m4. 3 15 2699.44 32 2164.53 31 
1089 Il 2810.42 10 2819.93 Il 3009.15 2 2836.80 2 3211 6 3145.11 24 lIn.02 11 3051.11 II 2884.31 11 
1206 II 2506.31 26 2395.68 1I 2612.52 25 2661.03 24 3m 20 2140.85 45 2m.1I Il 2691.90 14 l1JB.15 40 
IllS 10 2828.50 9 1786.11 I' 2m.IO 1 2812.60 , J2]I 8 3010.50 29 ]m.06 20 292!.15 2] 2850.14 21 
1158 25 . 2121.60 16 3149.65 I 2104.36 5 2825.19 4 3256 1 3858.14 3 3m.94 2 1l60.29 3 m5.96 3 
1361 16 3055.31 5 2868.02 14 3111.19 I 2930 .• 90 I 3298 5 3105.00 28 3148.32 24 lOl5.00 12 2814.49 18 
1416 10 l1J6.50 14 2421.76 28 2580.10 32 2608.50 31 4012 II 3363.45 14 m6.12 30 ·2931.91 20 286!.81 20 
1561 28 2925.46 8 mJ.14 38 2698.14 II 2681.24 21 4011 ·6 3254.J3 18 rHO.83 40 2716.J3 28 2198.11 18 
1611 II 3158.64 I 2911.1l 8 1989.21 4 2818.08 5 4051 . 9 3411.18 10 1I11.11 21 3028.44 15 m5.90 14 
1621 25 2115.28 11 3069.]8 5 2810.32 I 2801.11 1 4066 8 1112.1l 19 2141. 41 31 2904.75 14 2843.80 24 
1m 31 2691.58 19 3059.19 6 2891.48 8 2827.55 3 4069 7 3112.14 27 2910.49 ]5 2852.86 26 2823.20 26 
1616 11 2666.17 II 2885.39 ·11 1892.50 1 ml.61 9 lOIS 11 2987.08 14 1916.50 II mO.50 48 1711.08 46 
1627 II 2546.11 24 2861.47 13 1682.43 '23 1666.18 23 4081 15 2975.21 35 2809.65 44 1621.1l 43 2710.86 U 
1655 7 3107.14 2 2826.25 15 1814.29 13 1707.77 18 409] 10 2958.10 36 2908.95 41 2619.10 H 2695.31 41 
l2l2 5 2438.40 28 2648.61 23 1148.20 16 2476.29 42 HOI ; W2.80 12 3244.4) 16 2991.00 17 2857.51 21 
BlO 5 2219.20 37 23%.24 31 2m.00 Ii 2418.89 46 4102 8 129J.8.8 1l mO.lI 21 1958.88 19 2863.92 21 

4121 17 JIlI.53 25 3235.45 18 2808.06 17 2807.92 27 
4226 8 2560.63 52 2659.06 51 2190.00 53 2578.43 53 
9815 44 2592.98 51 2101.74 48 2644.36 41 2682.82 48 

--------------_._-----------_ ........ _.... ..-.. _._--_ ... _.- -......... -- _ .. _ •........ -- .- .. __ . -- - ...... -_._ .. _-
.. _._. - - .. -... _._._ ... _------------ ------------.-----.----------

"here, R = Rank of the sire; '1 : Da1lghter's aye rage method; 12 : Conlemporary comparison method; J} = (,east square analysis .ethod 
T t: BLllP .ethod ~ 

'" 01> ..., 
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In case of Karan Swiss breed r it was found that by index 

method Il~ there were 26 sires which had index above the 

breeding value, whereas 25 sires had index below the 

average 

average. 

The average breeding value of sires was 2493.46 kg. The highest 

No. 1617. index was 3158.64 kg (26.67% above average) of sire 

index was 1644.29 kg (34.05% below average) The lowest of sire 

No. 1085. The difference between two extreme breeding values of 

indices was 1514.35 kgr.-

Evaluation by index method I2 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 2527.0B kg. 

The highest index was 3149.65 kg" (24.63% above average) of sire 

No. 1258. The lowest 'in~ex 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 

valuer 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 bvo ::!xtreme breeding values of sires 

was 1134.76 kg. 

It was found by index method 14 that there we~e 26 KS sires 

which had index above the average breeding valuer whereas 25 

sires had index below average. The average breeding value of 

sires was 2635.41 kg. The highest index was 2930.90 kg (11.21% 

above average) of sire No. 1361. The lowest index was 2372.96 k9 

(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 III there were 26 sires which had index above the average 

breeding va~ue. whereas 28 aires had index below the average. 
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In case of Karan Swiss breed, it was found that by index 

method I1, there were 26 sires which had inde~ above the 

breeding value, whereas 25 $ires had index below the 

breeding value of sires was 2493.46 kg. The 

average 

average. 
highest The average 

index was 3158.64 kg (26.67% above average) of sire No. 1'617. 

The lowest index was 1644.29 kg (34.05% belo~ average) of sire 

No. 1085. The difference between two extreme breeding values of 

indices was 1514.35 k~. 

Evaluation by index method 12 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 averag"e) 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 13 revealed that there were 30 

Karan Swiss sires which had index. above the average breedin9 

value, whereas 21 sires" had index below average." The average 

breeding value o"f 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 t~o"~xtreme breeding values of sires 

was 1134.76 kg. 

It was found by index method 14 that there were 26 KS sires 

which had index above the average breeding value. whereas 25 

sires had index below average~ The average breeding value of 

sires was 2635.41 kg. The highest index was 2930.90 kg (11.21% 

above average) of sire No. 1361. The lowest index was 2372.96 kg 

(9.95% below average) of sire No. 1085~ The difference between 

high~st and lowest indexes was 557.94 Kg-

In case of Karan Fries breed, it was found that by index 

method 11, there were 26 sires which had index above the average 

breeding va~ue, 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 II. 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 ipdex method 12 showed that 27 5J.res had index 
'. 

above the average breeding value and 24 sires had index below the 

averaQe. The average breeding value of s~res was 2533.76 kg. 

The highest index was 3157.60 kg (24.62% above average) of s~re 

No. 1258. The lowest index was 1840.65 kg (27.35% below average) 

of sire No. 186. The difference between highest and lo~est 

breeding value of s~res was 1316.95 kg. 

which 

It was found by index method 13 that there were 28 KS s~res 

had index above the average breeding value of S1res, 

23 S1res had index below the average. The' average 

value of sires was 2620 .. 29 kg. The highest index was 

kg (18.73% above average) of sire No. 1361. The lowest 

whereas 

breeding 

3119 .• 19 

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 81res were evaluated by index method 14w then there 

were 26 sires which·had index above the average breeding value 

and 25 sires 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 lowest 

index was 2385.91 kg (9.71% below average) of sire No. 1085. The 

difference between highest and lowest indexes was 537.30 kg. 



table 6S. Sire indices aDd their cinkiD9 based DO PM! uDder lonthl, stratified raD~o, Ba.pl~hg Bcbele by differen~.ethodS 

---------------------------_ ... _--_.-------------------------------------------------------------------------------------------------------

KARAN SMISS BRERD KARAM F~IES BREED ....................... - .. _- .. __ .. __ .. _-_ .. __ ... _ ... _ ... _ ... _ ........... _ .. - .. _ .. _-_. __ .. __ ... _ .. _ .........•...... _._---------.. _---.. --_ ............... 
Sire /10. of 

" 
, 

'2 
, 

'J 
, , , , Sirc-HQ. of 

" 
, I, , , J , I, , 

". daughters N,. dau~htcrs 
per sire per sire 

------------------------ - -- - ._--_. _ .. --- -_ .. _- --_._--- .... --_.---' ------- - ------ -------------._--------------_ .. _--------------------------------------.-----------

2' JUl.lB 5 2911.26 2Iion.4f, JI 261J.1l J2 I H 2956.12 38 2110.1 •• i 2675.19 II 1111.15 13 
H 2106.!1 IS mO.5~ 2151.96 20 lH4.20 13 3 II 1481.27 9 3109.56 II li01.55 10 2929.88 • 2680.50 20 lHO.11 41 2111.50 11 2690.Q2 21 I 18 2108.69 4ti 2842.51 45 2515.83 50 2650.20 51 

9 2119.61 11 2W.81 2l 1805.00 15 2100.81 19 5 I 28]8.43 42 1619.18 52 2148.57 51 2HLOI 50 
12 2l 2155.)0 18 1138.16 19 2630.65- 21 2634.H 28 15 5 1991.60 31 HOPI 21 2556.80 18 2145.80 31 
14 5 BOLIO 35 1280.60 )5 2081.80 50 HM.OO 19 18 10 1960.60 36 3235. H 12 )011.80 14 1881.15 II 
16 5 "lU9.00 19 21i21.85 24 184l.t0: 11 2106.37 18 20 21 2185.00 U 2B11.06 16 2101.95 12 2143.11 38 
II 21 3018.48 1 JW.U , 27b2.t8 1, 2128.42 II 11 8 ]WJ.JH 14 11i1.8i 21 1199.25 18 2804.29 28 
12 II 22S6.l5 II 1892.11 10 2853.00" 10 1H9.2J 11 31 5 3225.18 18 2983.41 H 26IiO.28 48 2111.89 31 
21 14 2443.50 30 2202.42 10 2515.11 )3 2610.)9 13 10 1 3630.29 5 3181.B 5 1I02.4) 5 29JO.20 6 
36 " 3111.01 1 1121. 14 1 2811.21 11 2180.94 3 15 10 2661.90 48 1938.83 36 l5l6.10 .5 1132.03 10 
.0 I 1155.50 12 1865.81 " lllU5 " 2511.08 H 34 5 m5.83 6 lI61.2' 2l 2913.50 22 2810.11 2. 
11 35 )010.9) J 2829.06 35 2181.93 16 2121.00 35 101 1 4I46.8b 3 35Jl.39 1 3159.29 2 3010.25 2 
56 21 2591 .54 11 292J.n 9 2612.96 25 2663.55 25 IIJ 1 2512.29 51 2913.12 39 255).14 49 2311.80 12 
10 5 21 B .00 " 21151.11 .5 2152.80 " mUl .5 I'" II ]W.81 18 3521.66 1 1m.56 15 2908.9] 12 
13 JO 2lJJ.l3 lB 1919.14 " 2m.3D 10 2486.88 " 185 11 2163.15 54 25111.73 54 2145.62 54 2532.00 54 
15 35 2514.01 15 mO.30 29 15ll.or 11 2533.'5 J5 III 8 235 •. 00 S3 2136. 29 5~ 2221.00 51 2609.23 52 

301 1l 2568.31 23 2653.11 22 2814.92 3 2169.9) 9 123 3 mUg I ml.92 9 1216.57 • 29l1.19 • 113 9 1119.61 29 2595.56 25 mUD 19 2695.7J 20 233 I. 3ll1.11 19 lI60.13 II 2BOI.11 26 2B01.81 26 
112 38 2046 .89 15 2022.~8 18 2318.21 15 2139.25 50 181 26 ]044.1~ 31 2844.25 H 2148.11 ]0 mO.52 J2 
185 11 1850.11 15 lUU5 53 2415.0~ )6 2495.45 " JlJ 13 291'. B5 39 )301.95 10 1919.69 II 2861.51 18 
193 H 2205.n ,0 2m.JO 38 2528.88 35 2550.83 36 )1I " 29!9.n U 2956.85 35 2m.15 11 2115.16 15 
1I6 2J 19~9.70 .9 2018.24 '1 m6.81 II 2111.98 16 110 16 ]060.46 30 2101.16 53 2611.53 Il 2581.59 " 
JIO 18 2118.8J Il 2282.41 J6 26D9.2! . JO 2661.59 )0 )61 2J JH8.26 16 lI31.61 25 2914.52 21 2811.34 i1 
III 8 mO.88 )1 1511.30 16 2695.18 II 2565.36 II J85 36 3111.6' 11 3319. JJ 1 2990.00 13 2935.01 5 
III 19 2001.53 18 1109.0) 11 2468.95 )1 2531.50 11 68) 10 3m.90 1 3165.86 22 )118.60 1 2919.12 I m 28 ml.46 JJ 2512.90 lJ 2H2.14 21 2714.61 IJ Jl6 16 1414.44 10 32111.30 )8 mll.3B 12 2925.B3 , 
181 11 1806.9] 50 192\.11 50 1l69.0? II W7.n 13 811 5 2961.00 35 2855.93 U 2590.10 " 2154.05 35 
8)5 6 2046.83 13 2154.53 )3 m&.50 J8 2519.14 11 2501 18 2656.58 49 2811.95 47 m •. 21 35 1311.06 16 
!18 11 2111.H II llH.Ol )1 2438.50 .H 1520.25 lB 2981 12 21Ul;83 47 2994.16 3J 2651.42 U 2141.52 )9 
851 II 2236.00 JJ 2U2.4& 32 26ua • .lJ 32 2619.H Jl Jcr05 8 l2l1.6J 21 Jl66.56 6. 3114.25 6 2m.ill 11 
911 25 2327.08 J4 2666.H 21 2615.20 29 2623.10 29 ]0"16 14 2112.H H 3014.25 29 "m).86 31 2764.59 31 
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--~-------- ------------------------------------------------------------------------------------------------------___________ ~ _____________ H ___ 

KA.AR SWISS B'88D KARA. P'IIS B'BBD 
----------_~ _________ • __________________ • __ •• ___ .H •••• • _._0 _________ . _______ 

.. -...... _----_ •.. - ....... _ .. _-----------------------------------------_ .. _-
iii re No. of II i 12 R I) R 14 R Sire No. of I I, I h1 • IJ R II R N,. daugbters ". dau9hters 

per sire per sire 
--~---------------------------••• ----•• ------ --- •• - ••• - •• ____ H •• ____ •••• __________ •• ___ • _ __ _______ ._ H ____ ___ • __ H __________________________________________ 

1019 5 2l15.10 31 2266.59 Jl muo 17 2f96.88 II JOn IJ 2904.08 II 1II6.13 16 2901.46 24 2850.19 2) 
1m lJ JiIl.30 II 2801.72 11 m6.'1 lJ 1161.11 10 3101 I JJl.9.6J II 3lI6.70 6 3m.21 IJ 2884.48 Il 
1065 16 2054.06 " 1139.24 41 2lf6.16 4J 2461.31 !8 Jill 8 1809.88 3 HI9.41 1 1416.11 I JOlI.16 I 
IOI~ 1 1642.16 51 2046.72 46 1993.19 II ml.91 51 1168 9 1111.89 2J ml.21 11 2686.22 l) lJ61.16 l! 
1m 12 2864.61 I lHJ.OO 8, 1011.42 1 1869.11 2 1m 6 3aO.50 21 11ll.1J 14 1081.11 II 281l.n 16 
1206 23 1411.10 lJ 2Hi.ll 1I 2646.22 16 2641.99 26 1m 20 11ll.11 II 2938.IJ Jl 2666.85 18 2127.91 H 
1116 10 1811.50 I~ lm.OI 18 2999. JO 1 2SIl.12 6 ]2]1 8 1II5.18 28 1209.lJ 17 2961.88 19 2859.11 II 
!l58 25 ml.16 II lI51.60 1 2918.28 \ 1811.51 I l256 7 1829.fl 1 1560.86 2 3ll1.1I 3 1910.18 ] 
Ill! 16 3016.69 5 2811.56 II 1111.19 I 1923. 21 I 329S 5 1201.10 21 ml.15 H 1160.60 6 2893.42 13 
1116 10 1111.90 Il 2467.51 28 2621.10, 28 1611.15 11 4011 II 3318.1i Il 1058.50 30 lm.11 20 2861.11 19 
1561 18 291\.18 8 2lG6.1l J9 mJ.82 Jl 2611.59 2J 4021 I 1166.33 2l 190J.91 40 2681.11 1I 2112.91 10 
1611 Il 1010.51 4 li18.18 16 2B9UI 6 2772.18 8 lOll 9 Jm.lJ 8 m9.IJ 11 lIOl.JJ 9 2916.1J 10 16'21 25 2128.40 15 30il'1I 5 1890.51 1 2816.15 5 4066 8 1153.61 1\ 2811.15 41 280J.Il 21 2801.01 11 
lil1 II l121.03 I, 1098.29 I 192U8 I 2853.02 1 ,4069 7 1112.43 26 2996.83 Jl 2886.5J 21 2811.81 11 
1626 12 2651.11 1I 185f.06 11 2871.n , q mUG II lOll 12 10lUl 1) 1011.98 1I 2610.81 41 m5.51 H 
1627 21 1563.1l 2! 2881.2f 11 1204.29 21 2681.46 21 1081 15 10)5.4J 11 2895.80 41 268).61 )6 2lI6.21 36 
1651 1 1111.86 I 2832.99 IJ 2836.14 12 2119.05 16 4m 10 1960.05 31 1929.97 Ii 2619.&5 41 2701.42 f1 
1111 5 Wl.80 26 1619.1! 20 2196.20 46 mO.52 40 4101 5 lHl.OO 12 l225.05 15 2991.10 16 1851.99 21 
1110 5 2211.40 Jl 2182.26 )0 2101.60 49 WO.13 f1 flO2 8 1l11.00 11 1I00.18 28 2981.75 18 2861.28 20 

4111 11 J096.88 29 l185.2! 20 1161.00 29 2185.91 29 
f226 8 1521.13 51 2661.81 51 m1.61 53 118).31 53 
98!5 II 2611.02 50 2112.55 48 2!!4.31 39 270l.I! 48 

_____________ ~ _________ ._~ ___________ H _______________________________________________________ .,. ___ •• _____________________________________________________ 

where, R = Rank of Ue sire; II ; Daughter!s average lIIethod; l2 :: Conte.poruy cOllpa.ri!fon. method; I) = Least sqllare anaJysis method 
I~ = BI,UP let hod 
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In case of Karan Fries breed l it was found that by index 
method II, there were 27 sires which had index above the average 
breeding value, 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 

No. 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 /;evealed 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 9f sires was 3079.06 kg. The highest index was 
3679.45 kg (19.49% above average) ot sire No. ~143.· The lowest 
index was 2704.46 kg (12.16% below average) of sire No. 185. The 
difference between highest and lowest index was 974.99 kg. 

It was found by index method 13 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. 3~43. The lowest 
index was 2348.57 kg (16.84% below ave~age) of sire No. 185. The 
difference between highest and·1owest index was 1128.18 kg. 

When sires were evaluated by index method 14, 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 C8.14% above average) of sire No. 3143. The 
lowest index was 2650.20 kg (5.58% below average) of sire No.ISS. 
The difference between highest and lowest indexes was 385.26 kg. 

4.10.7 SIRE EVALUATION BY DIFFERENT METHODS ON THE BASIS· OF 
PREDICTED LACTATION YIELD UNDER BIMONTHLY STRATIFIED 
RANDOM SAMPLING SCHEME FOR KARAN SWISS AND KARAN FRIES 
BREEDS 

The breeding values of aires for Karan Swiss (KS) and Karan 
Fries (KF) br~eds on the._basis of their daughter's predicted 
lactation milk yield under bimonthly strati£ied random sampling 

scheme are given in Table 66. 



Table 66. Sire indicEs iod their rankiog based 00 PHY under bilonthlr stratified randol sa.pling schele by different methods 

------------------------------------_ .. _-------------------- .. ------------------------------------------------------------------------------------------------

mIN SMISS 88m mlR rms BBEED 
................................. __ ._-_ ... _-------------------_._ ........ _ .. -_ .. _----------------------------------_._---------------------------._-----
Sire Ho. of II B 12 R 13 B 14 8 Sire Ho. of II R 12 B 13 R 14 , 
10. daaghlers No. daaghlers 

p(!r 8ire per 81 re 
--------.!--------------------------- --- ______ - - - .. _ .. _ - - _. 0_ .. _________________ .. _ .. ______ ______________ 0 • ____________________________________________________ •••• 

1 24 ln5.88 3 2981.01 7 2511.88 13 2542.27 33 2 24 2923.71 31 2&79.21 51 2&57.79 11 2718.53 !4 
3 19 2757.76 11 muo 1 2819.87 11 2798.02 6 3 11 3424.18 12 J150.42 22 3059.71 11 m2.70 II 
6 6 2688.67 18 2028.40 45 lJl!.83 42 2514.41 35 4 18 111~.22 41 2841.48 42 2542.56 48 2665.91 51 
9 6 2702.00 16 266U9 21 2m.17 13 2687.62 19 6 7 2m.4l 40 2&82.0& 50 muo 51 2&74.10 48 

12 2l 2455.91 30 2758.l5 16 264U.78 26 2631.26 26 15 5 3007.80 JJ 1117.16 26 2606.60 II 2164.48 36 
Il 5 2352.00 II 2280.47 l5 muo 49 2364.92 48 18 10 2886.20 39 lin. 73 20 29)5.40 20 2866.35 19 
16 5 2676.00 19 2637.91 2l 2m.20 9 2693.11 16 20 . 24 2163.54 44 2798.00 16 2696.88 18 2742.88 H 
17 27 3011. 93 4 106J.&3 5 2718.93 20 2690.88 17 24 8 3395.11 1J muo U 2816.1J 29 2811.89 29 
22 II 211l.15 15 2866.79 12 2812.18 12 2119.66 12 l4 5 3110.40 28 2934.R2 39 2565.40 41 2753.98 11 
28 Il 2511.29 27 2214.81 3R 2418.07 31 2492.18 38 40 7 3731.57 5 3494.80 5 3283.51 4 2910.01 6 
36 49 3156.33 2 H99.86 2 2746.31 16 2724.71 10 45 10 2611.10 SO 2910.96 40 2519.90 45 2721.43 41 
40 8 2374. 75 32 2003.91 47 2108.25 41 2372.90 47 74 & 1150.50 4 m8.39 11 3056.17 13 2828.27 15 
41 15 3011.53 5 2168.13 IS 2712.80 22 267J .07 21 104 7 4205.00 1 3580.21 3 3523.57 2 3041.99 2 
56 i4 2583.25 2l 2941.54 9 2668.83 25 2651.% 25 147 7 2715.43 46 3008.78 33 2697.1l 11 2179.28 J! 
60 5 2223.80 38 2041. 46 II muo SO 23&3.42 49 118 1& J2&3.50 19 3552.11 I 3015.19 16 2921. 79 12 
13 30 2189.37 H 1831.62 50 2399.37 39 2447.45 43 185 11 2192.36 54 2517.30 54 2207.00 53 2555.15 54 
15 IS 2601.87 22 2499.45 28 2621. 27 27 2615.91 27 194 8 2429.13 53 2785.13 17 2345.75 52 2650.82 52 

104 II 2511.15 25 2660.19 22 1865.16 8 2759.48 9 2ll 1 1710.51 6 1lO4.3& 10 3196.86 5 2941. 81 7 
117 9 2468.61 29 2610.98 25 2168.18 14 2687.62 18 m 14 32J9.1l 21 1lS5.25 21 2186.64 30 2803.04 30 
172 18 20ll.06 45 1m.!! 48 2306.61 Il 2407.10 45 281 2& 301&.04 II 2817.60 45 2146.42 II 2712.39 35 
186 77 2032.64 46 1821.05 51 2472.10 JI 2486.15 39 311 13 2924.85 36 3280.91 12 2890.23 25 2852.51 23 
19l 15 2191.84 40 2227.68 l7 2541. 22 II 2552.20 31 314 11 2921.64 35 muo 36 2515.18 16 2713.84 46 
116 23 1961.83 !9 2005.10 46 2395.13 40 2455.05 42 JlO 4& 30ll.24 30 2651.34 52 2623.16 Il 2670.53 50 
340 18 3064.00 44 2211.01 39 2m.39 12 2551.38 32 364 23 1119.70 16 3091.03 21 2890.30 24 2862.61 21 
147 8 2429.63 31 2634.91 21 2115.25 21 2657.79 24 385 . 3& 3483.42 10 3449.96 6 3032.17 IS 2970.82 5 
us 19 1996.32 41 2011.16 42 2443.53 35 2496.22 37 687 . 10 muo 8 3127.&2 23 3082.80 8 2926.52 10 
178 28 2311.79 34 2541.86 27 272].12 19 2694.89 15 H6 1& 3552.69 7 1111.91 9 1113.56 7 2971.12 4 
481 11 1m.57 SO 1840.10 19 2ll0.93 46 2Jl7.80 51 821 5 2005.60 42 2162.53 48 241UO 50 2715.18 IS 
835 6 19&7.00 48 2231.90 36 2l8U7 41 2517.21 J4 2507 48 2&19.42 49 2838.01 44 2701.54 35 2728.71 42 
818 16 3147.0& 12 2JS2.68 J2 2m.75 J6 2498.85 36 29Hl 12 21]B.25 45 3026.57 31 2118.ll J4 111J. 3J 14' 
851 13 2238.62 l7 m2.11 II lS95.00 29 2599.89 29 3005 8 J2i1.11 22 JJ91. 28 8 llli.25 6 29J1.95 8 
911 25 2300.&8 35 2600.52 26 2603.96 28 2604.81 28 3026 14 2774.B& 43 308J.ll 28 2142'.64 32 2181.43 32 

'" en ,. 
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--------------------------------------------------------------------------------------------------------------------------------
KARAN SKISS 8REED KARAN FRIES BREED 

•••• 0 __ -
0 

__ -----------------------------------------.-. ___ 0 ___ 0 ______ ------. -- __ 0 ______ ------------------------------- •• _--------- ______________________ 

Sire No. of I} R 12 R 13 , 14 R Sire RIl, of I} R 12 R 13 B 14 B No. daughters ". dallghters 
per sire p~r sire 

-----------------------------.-.-•••••••• , •••• _- -- - -- - - - - - _0 ••• 0 _0 _______ • "0 ___ .... ___ •••• __ " •• ___ •• _0 __ ••• _ "0' ••• ______ 0_. _____ ••• ____________ ••• __________________ • _____ 

1039 5 2209.20 39 2156.50 H 1919.10 5} 2362.14 50 3041 II 2808.08 41 3032.11 30 2W.69 21 2831.05 21 
1063 23 1146.83 1J 2119.84 13 2165.11 15 2120.54 11 1101 8 JJlJ.88 14 l4J!.I2 1 2982.63 18 2811.04 11 
1065 16 20n.!9 13 2m.12 40 2401.06 38 2419.11 40 1141. 8 3945.38 2 , 3841.30 1 3631.13 1 1109.59 1 
1085 1 1135.51 51 2069.19 43 JUl.11 48 2J69.10 46 3168 9 m2.61 lJ : 3298.91 11 2133.56 33 2186.18 11 
1089 II 2841.25 9 2959.68 8 1061.42 2 2869.69 2 3il1 6 3119.61 26 3l!6.65 15 3069.50 10 2892.12 14 
1206 23 2486.10 28 2385.20 30 2618.26 21 2658.13 lJ J221 20 2104.65 48 2946.25 31 2100.10 36 2150.03 38 
1216 10 2162.30 10 2148.10 11 H55.20 3 2189.88 1 32J1 8 3115.88 21 3214.89 16 3001.50 11 2883.11 16 
1258 25 2698.56 11 3141.12 3 2199.24 5 2821.60 5 3256 1 3890.14 3 3634.06 2 3398.00 3 3001.29 3 
IJ61 16 3001.69 6 283J.54 14 muo 1 2910.85 1 3298 5 m8.00 29 3125.81 24 3032.40 14 2813 .53 18 
1416 10 2151.20 II m9.90 29 2588.00 30 2591.09 30 4012 11 3489.91 9 3125.24 25 3012.18 9 2928.11 9 
1561 28 29l5.86 1 2291.11 11 11J1. 4J 18 2101.06 14 4021 6 3295.JJ 11 2954.99 35 2823.00 34 2820.06 28 
1611 11 2964.00 8 lJI1.jO 19 21J6.I 8 11 2611.92 20 4051 9 mO.JJ 11 3201.11 18 3058.00 12 2910.34 13 
1621 25 11J8.44 14 312!.l3 I 2903.88 4 2825.08 3 4066 8 3281.88 18 2911.86 38 2942.00 19 2862.69 20 
1622 JI mi.!) 20 101\.49 6 mUl 1 lilU9 4 106j 1 mO.Sl 2S lDll.n 32 290UI 22 2m.24 24 
1616 12 2611.50 21 2m.91 u 2896.92 6. l111.16 8 1015 12 2894.92 38 2881.n H 1494.00 49 2611.84 49 
1621 21 2531.48 26 2886.31 11 2695.86 21 2669.11 22 4081 15 2991.61 34 2841.21 41 2656.40 12 l1J6.32 40 
1655 1 3180.J9 1 2860.51 Il 2844.11 10 mO.82 13 1093 20 1010.60 12 2990.01 34 2612.05 19 2m.15 41 
3232 5 2513.20 24 2693.92 20 lll3.80 44 H20.68 41 4101 5 3321.60 15 3181.32 19 2902.20 23 2840.21 16 
3310 5 2286.80 36 2J11.63 11 ll40.40 45 1U0.89 44 4102 8 1251.15 20 3055.62 29 2931.88 21 2858.96 22 

4121 11 lI81.12 24 3218.68 13 2864.06 26 2843.26 25 
4226 8 H26.13 52 2621.01 53 2110.13 54 2561.08 53 
9815 44 2622.93 51 2154.45 49 2610.41 40 2101.11 41 

----------------._----------- -.- -.... ". _...... .. _ •• __ •••• 0. _." • - - . . ... -_. __ ..... ----~,- ._. ----.'.'. -- .. --------_ .. _---------------------------------, 
IIbere, R ~ Rank of the lire; II = Daughter's average method; 12 = Contelliporary cOllparison .eLhod; 13 :,I.east sql1are analrsis method 

14 = Br.~P method 

N 
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In case of Karan Swiss breed. it was found that . by index 

method II' there were 27 sires which had index above the average 

breeding value of sires, wh,ereas 24 sires had index below the 

average. The average breeding value of sires was 2496.85 kg. 

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 I2 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 2523.82 

kg. ~ 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 between highest and 

lowest index was 1440.80 kg. 

When sires were evaluated by index method 13' 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 valu~ of KS sires was 2578.43 kg. The highest index was 

3082.50 kg (19.54% above average) of sire No. 1361~ The lowest 

i~dex was 1919.40 kg (25.55% below average) of sire No. 1039. The 

difference between highest and lowest index was 1163.10 kg-

It ""as foun-d by index nethod 14 that 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 KS sires was 2607.05 kg. The highest index was 

2910.85 kg (11.65% above average' of sire No. 1361. The lowest 

index was 2317.80 kg Cll.09% below average) of sire No. 481. The 

difference between highest and lowest index was 593.05 kg. 

In case of Karan Fries breed, it was found that by index 

method r I' there were 25 sires which had index above the cl'\le:rage 

breeding value of sires, 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 4205400 kg (34.74% above average) of sire 

No. 104. The lowest index was 2192.36 kg (29.74% below average) 

of sire No. 185. The difference between highest and lowest index 

was 2012.64 kg. 

Sire evaluation by index method 12 revealed that 27 sires 

had index above the average breeding value of sires and same 

number of sires had index below average. The average b~eeding 

value of sires was 3084.09 kg. The highest index was 3847.30 kg 

(24.74% above average) of sire No. 3143. The lowest index was 

2517.30 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 13, then there 

were 27 sires which had index 'above the average breeding value ~ 

whereas 'same number of sires had index below the average. The 

aver-age breeding value of KF sires was 2835.54 kg. 

index was 3637.13 kg (28.26% above average) of sire 

The highest 

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. 

Further, it was found that by index method I4, there were 28 

sires which had index above the average breeding value of sires, 

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 sire No. 3143. The lowest index was 

2555.15 kg (9.35% below average) of sire No. 185. The difference 

between highest and lowest index was 554.44 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 

sires by four methods on the basis of daughter's observed first 

lactation milk yield (OMY) and first )~ctation 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 57 for Karan Swiss and Karan Fries 

breeds. 

It was found that for Karan Swiss, the highest average 

breeding value was obtained for the method 14 (SLUP) under .a11 

sampling schemes and OMY; the lowest being for method II 

(daughter's average) (Table 67). The range of breeding values 

for method I4 was lo~~st and for method II 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, 

gave the high,est average breeding value and range of breeding 

values for every method. Therefore, for Karan Swiss data it may 

be"inferred that least .discrimination' among· sires was obtained by 

BLUP method and maximum discrimination by daughter-s average 

index method. The sampling scheme S3 (bimonthly systematic 

sampling) provided the highest disc~imination. 

For Karan fries cattIer the highest average b"reeding value 

was obtained for the method II (daughter's average) under all 

sampling schemes and OMY, the lowest being for method 14 (SLOP) 

(Table 67). The range of breeding values for method 14 was 

lowest and for method Ii 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 method 52 (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 among sires was obtained by 

BLUP and maximum discrimination by daught~r."'._s average index 

method. The sampling scheme s2 (monthly systematic sampling) 

provided highest discrimination. 



Table 67. A sllliary table of sire evaluation by different methods under various BaJlpling sch~les 

------------------------------------------------------------------------------------------------------------------------------------------------------
Trait Method KARAN SWISS BREED KIRli FRIES BREED 

-----------------------_._ ... _--._-------_._---------------------- ---------------------------------------------------------------
Average of No. of No. of Mnillllllll Minimum Range o( Average of No. of Mo, of Maxilllull ~inilull Range of 
breeuillg sires si res breed i"9 breeding breeding breed i 89 HireH Bires breeding breeding breeding 
va hit' ah(1v(~ h~loli va hie valne Yd itlC' '1~ I lie ahove below value v~ lue value 

Ik9) .I'lI:r,I!W ,I V,'!".I ~t' Iky) [ k~1 Iky) [ kyl iIV(~ril~e ~Yf~ra!Je (kg1 Ik~1 Ik~1 

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

II 2494 29 22 Jl0612111 15Hlml 14J6 1Il4 21 29 411011111 211811811 1552 
OMY 12 2126 21 24 JI5812511 18J212711 1J27 J077 29 )5 J81JIHlI 245412011 1380 

11 lH1 22 29 J10411911 201812JII 1086 2820 26 \8 J57612711 2121121\1 1455 
14 26J6 2J 2B 192011111 23891 9\1 m 2801 26 28 J0811l011 24991101) 585 

I I W2 25 2. J I I I 1251 I 1885iJJII 1441 1 121 25 H 41081l1l1 25841171 I 1524 
81 12 2Sl5 21 24 JIJ9[lnl 182112811 I JIB 1081 28 28 18J512411 241612011 1319 

11 2614 28 21 311512011 201812111 1118 2821 26 28 358212711 2131125\1 1m 
14 26J 7 26 25 m51l111 21921911 50 2806 26 28 309611011 250111011 595 

11 WJ 27 24 ·110612511 165813411 1448 JIll 25 29 4159 iJJl I 211811211 20ll 
82 12 2521 27 24 Jl58[25)1 IBIll2811 1J4i J085 28 26 J851125\1 244412111 1402 

11 26 I 2 29 22 112612011 200512411 1121 2825 26 28 358512711 2094126\1 1491 
14 2641 In 21 2%7(\2\1 2l8JI 0\1 ~,51 2806 27 27 110211111 249111111 554 

II 2411 26 25 lIHllnl 161m5\1 [515 3111 24 30 402612911 219111011 1834 
'1 12 2528 26 21 JI9J121I1 182812811 1164 3010, H 25 378J Iln I 249611911 1217 

13 2634 28 23 116612911 198412511 1181 2805 26 28 J5J9126\1 20941251) 1444 
14 2657 26 25 2%111211 238411011 5BJ 2704 26 28 306011011 210211111 609 

c"ntd,., ... 

" en 
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contd..... table n 

-----------~-------~-------------------------------------------------------------------------------------~-----, 

Tra it M.thod KAR!N mgs nmo KARAN fRI!S 8RP-En 
""-------~----."--.. -------.--".""--.---".-""""----"-------------- ____ 0. _____ --._"_-0 ____ -.--._--------- •• -------------. ______ . __ 

Average (If Noo of N(I. (If Ma~ ilUIl Mi n iQlIl1I R~ n~e of Average of Ilo. of No. of Kaxi.uII Miniliull Range _of 
hreeding sires sires bre~din9 breeding breeding Lrtdil19. airel! Bires breeding breeding breeding 
value ilbove below va lue value va lue value above below value value value 

Ikgl average ave-rage Ikgl Ik91 Ik91 Ikgl average average Ikgl Ik91 Ikgl 

-------------------------------------------------------------------------------------------~----.~*-----------------------

11 2194 16 IS J15911l11 164413H1 lSI! 1110 16 18 mOlml 11681lnl 1990 

'4 II ml 11 11 H4I1111i 105012711 !JOO 3W 11 21 382612411 246712011 1359 
13 nil ,In 21 ,lIlIllOI 1 I ~A~ IlIli IIEI 1811 16 16 35HIlnl 111611111 1m 
I, 1635 16 15 193011111 lJ7311011 m 1806 11 11 389211011 151111011 m 

II 1501 15 16 . ,111111511 114.1134\1 1451 311 n 11 11 414113311 216313011 1903 

'5 11 1m 11 14 1I58il5\1 184011111 1111 3019 18 26 3619119\1 1104112\1 91S 
IJ 2610 20 lJ 1I1111911 199311411 1111 1m 15 19 341!!2JII 13/91ml Ill! 
14 1643 16 IS 191)11111 2)851 9\1 m 2106 11 11 30351 OIl 16501 611 lIS 

II 1496 21 24 mo Ill'. I 113513011 1141 3110 15 19 420513511 219111011 1812 

'6 12 1m 11 24 3l62mll 101111811 1440 3114 11 21 364112511 251111811 IllO 
13 2\18 )0 21 JOO11Jnl 191911611 116,1 m5 11 21 36,1111811 111012611 1511 
14 2601 11 14 291011111 lJlOIIIII 59l 2816 21 26 310911U11 25551 911 554 

-------------------------------------_._----------------------------------------------------------------------------------------------------------------, 
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4.11 E~~ICIENCY O~ VARIOUS SIRE EVALUATION METHODS ON THE BASIS 

O~ OBSERVED (OMY) AND PREDICTED (PMY) LACTATION MILK YIELD 

UNDER SYSTEMATIC AND STRATIFIED RANDOM SAMPLING SCH~ES 

WITB THREE TESTING INTERVALS 

An efficient method of Slre evaluation should have a minimum 

error variance, i.eo f within sire variance of the index values. 

The sire ev~luation method which gives the lowest error variance 

was considered to be most efficient. The error variances of four 

Slre evaluation methods on the basis of observed (OMY) and 

predicted (PMY) lactation milk yield under fortnightly, mQnthly 

and bimonthly systematic and stratified random sampling schemes 

are presented in Table 68 for Karan swiss and Karan Fr~es breeds. 

For 

comparison 

well a,s 

followed 

Karan Swiss breed, it was found that contemporary 

method I2 had the lowest error variance for 'OMY as 

PMY's under all the six sampling schemes. This was 

by least square analysis method (I3). BLUP method (I4) 

and least efficient was daughter's average method (11) which had 

the hi9hest error variance. Further for I2 the Im.,-est error 

variance was obtained when- observed lactation milk yield (OMY) 

was considered as compared to P~Y's under various sampling 

schemes. There-was increase in error var1ance with the 1ncrease 

in interval of recording for both systematic and stratified 

random sampling schemes. For the same interval of recording the 

stratified sampling had lower error variance as compared to 

systematic sampling_ The relative efficiency of method I2 under 

all six sampling schemes ~ith respect to 12 of OMY ranged from 86 

per cent (scheme 54) to 100 per cent (scheme 54) whereas relative 

efficiency of method I3 under OMY and all six sampling schemes 

with respect to I2 of OMY ranged from 55 per cent (scheme 53) to 

60 per cent (OMY). In the same way, the relative efficiency of 

method 14 under OMY and various sampling schemes with respect to 

I2 of· OMY ranged from 52 per cent (scheme S3) to 57 per cent 

(O~l'Y; whereas fOl" method II' it ranged from 51 per cent (scheme 

83) to 56 per cent (OMY). The above results on Karan Swiss 

indicate that method 13 (least square analysis method) under OMY 



']·~\blc.! 60.' EEficiencx of V;ll"io\ll-l !ii,"c (~v.d1t .. t.ion 1nr.!l:IlCxh-l on the hdHi'H ur OhHI!I-verJ «(MY) imd pn.·dictcd 1l'M'l) lactation 
milk yiel under VdriUUM &.i.n'l,l1in~1 gc.:hemeH 

Traits Methcl(is of KAllllN SWTSS DREET) 
sire -------------------~-----------------evaluation Error Relative Relative 

vadance efficiency efficiency 
2 with with . 

Ikg ) res~t. to res~t to 
I2 (~o) I2 of OMY 

'1 324793 ~5.~8 55.50 
CtlY r-; 1 RO.'l::!fI 100.00 100.00 

r 300121 60.15 60.15 d 319105 56.57 56_57 

11 327357 55.29 55.14 
Fortnightly systematic Io 180996 100.00 99.74 
(S]) ," lO2<)~n :>9.74 59.59 

1~ , 32.1915 56.22 56_07 

11 .i14_16<) ~(i.4fl 53.99 
H.)nt hly Hyshm'lt:i..c h 1 nnn(i7 100.no C)~. :In 
(s1) I" ]tl'>B I 7 (iO .'J6 50.2(l 

l~ 329545 57.31 54.70 

11 348719 56.85 51. 76 
nim:mthly ~ystematic '2 1 C)R2fi4 100.00 91.05 
(s:l) 1 "\ .1:!:WIJO III .21 ~5. 7:\ 

14 144473 57.55 52.40 

11 325771 54.44 55.41 
Fortnightly stratified 12 180015 100.00 99.95 
(S4) ~l 300562 60.09 60.06 

3.19965 56.44 :)6.42 

~1 332072 55.32 54.36 
Monthly stratified 103720 100.00 90.25 
IS5) 12 306532 59.9.1 5B.09 d 325734 56.40 55.42 

11 342380 60.00 _ 52.72 
Rin'Onthly stratified 12 200195 100.00 86.71 
(sG) T~ 

11~Ofi4 (i(i.on ~7 . 2r;~ 
:IY"IIl'U () I • ()(I '}-1.711-

.-._---------_._._---------......... 

KARAN FRIES BREED 
-------------------------------------
Error Relative 
variance efficiency 

Ik9
2

) 
with 
resmt to 
12 %) 

1788344 9.74 
174237 100.00 
419410 41.54 
455184 38.19 

452796 39.47 
1787~0 
421301 

100.00 
42.42 

450616 30.97 

457277 41.21 
100476 100.00 
426053 44.23 
463313 40.68 

473534 38.12 
180535 100.00 
430093 41.13 
477425 37.01 

454129 
176858 

38.94 
100.00 

422194 41.89 
459059 38.52 

457740 35.71 
163486 100.00 
423690 38.58 
460783 35.48 

1837608 10.02 
184237 100.00 
439767 41.89 
47112411 ]0.52 

Relative 
efficiency 
with 
res~t to 
12 of OMY 

9.74 
100.00 

41.54 
38.19 

38.48 
97.47 
41.34 
37.99 

38.10 
92.44 
40.89 
37.60 

36.79 
96.51 
39.69 
36.49 

38.36 
98.85 
41.26 
37.95 

38.06 
106.57 
41.12 
37.81 

9.48 
94.57 
3g.62 
3 .43 

N 

'" N 
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and various sampling schemes had highest relative efficiency with 

the most efficient method of 12 with aMY. 

Further I it is noted that for Karan Swiss, the relative 

efficiency of method 13 (least squares method) with respect to 

method 12 ranged from 60 to 90 per cent for various sampling 

schemes. The relative efficiency of SLUP method 14 with respect 

to method 12 ranged from 56 to 68 per cent. In similar way, the 

relative efficiency of method I1 with respect to most efficient 

method I2 ranged from 55 -to 60 per cent for OMY and PMY's under 

various sampling schemes. 

In case of Karan Fries cattle, it was ~ound that 

contemporary comparison method 12 had the lowest error variance 

for OM~ as well as.PMY's under system~tic and st~atified 

sampling schemes followed by least square method- 13-

for I2 the lowest error variance was obtained _when 

random 

Further, 

monthly 

stratified random sampling scheme was considered. It is seen 

that fOFtnightly 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 12 method under 

all six sampling schemes with respect to 12 of OMY ranged trom 92 

per cent (scheme 82) to 106 per cent {-scheme S5); whereas 

relative efficiency of method 13 under OMY and S1X sampling 

schemes ranged from 39 per cent (scheme s61 to 41 per cent (OMY). 

In the same way the relative efficiency of method 14 under OMY 

and PMY for various sampling schenes ranged from 36 per cent 

(scheme S6) to 38 per cent (OMY), ~hereas relative efficiency of 

method II ranged from 9 per cent (scheme 36) to 38 per cent 

(scheme 51). The above results on Karan Fries indicate that 

method I3 (least square analysis) under OMY and PMY under various 

sampling schemes had highest relative efficiency with most 

efficient method 12 with OMY. 

Further, the relative efficiency of method II wIth respect 

to most efficient method 12 ranged from 10 to 41 per cent for OMY 
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and. PMY under various sampling schemes, whereas efficiency of 

method 13 ranged from 39 to 42 per cent for OMY and six sampling 

schemes. In the same way the relative efficiency o-f method 14 

with respect to method 12 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 12 was the most efficient method of sire 

evaluation for OMY_.as well as PMY's under different milk 

recording systems followed by least square method (13', 6LUP (14) 

and daughter average ind~x {II) for Karan Swiss and Karan Fries 

breeds. 

Politick et al. (1967) compared four ~ethods of sire 

evaluation, viz., mean production of the daughters, daughter 

producti.on corrected for the level of dams. 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 Malhotra (1971) reported that the relative 

efficiency of contemporary comparison method (I2) was better than 

daughter's average method (IIi which was similar to the results 

of present study. 

Gurnani and Na9arcenkar (1982) reported that BLDP method was 

more efficient than contemporary comparison method; the 

contemporary compar~son method 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 corr~.lation between tru~ breeding 

value and its estimate as compared to contemporary comparison 

method .. 
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4.12 ACCURACY OF VARIOUS SIRE EVALUATION METHODS WITB RESPECT TO 

MOST EFFICIENT METHOD ON THE BASIS OF OBSERVED (OMYl AND 

PREDICTED (PHYl LACTATION MILK YIELD UNDER THREE TESTING 

INTERVALS OF SYSTEMATIC AND STEATIFIED RANDOM SAMPLING 

SCBEMES 

In the previous section, it was inferred that contemporary 

comparison method 12 for sire evaluation was found to be most 

efficient~ Accuracy-,of other methods with respect to most 

efficient method 12 was estimated by determining rank correlation 

between index values on the basis of OMY and PMY's under various 

sampling schemes obtained by various me.thods with method 12' 
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 I1T method I3 and method 14 with roost efficient method 12 

ranged from 0.77B to 0.B01, 0.742 to 0.762 and 0.805 to 0.821 for 

OMY and PMY's under various sampling 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 11. I3 and 14 with most 

efficient method I2 ranged from 0.754 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 revealed that all methods 

tended to rank sires with fairly high accuracy_ 

Rao (1979) reported that the rank correlation between 

daughter's average and least squares method,was higher (0.91) as 

compared to that between .~on~e.m.l?orary 9'9:mparieon and daughter r 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 (I2) for Karan SWiss and 
Karan Fries Breeds 

Name of trait 

____ _ --___ 1-

Cl'1Y 

Sl 

S2 

83 

S4 

s5 

s6 

IW'~N SWTSS rumEIl KARlIN FlUES BREED 
--------------------------------------------- -------------------------------------------~ 
Method I1 Method 13 Method 14 Method 11 Method 13 Method 14 

- .. . _. _ ... _, ... _-

O.7n2 0.7MI 0.005 0.754 0.055 0.891 

0.792 0.762 0.818 0.762 0.863 0.895 

0.792 0.740 0.013 0.763 0.051 0.809 

0.001 0.756 0.021 0.767 0.861 0.902 

0.770 0.754 0.806 0.758 0.870 0.904 

0.786 0.742 0.807 0.751 0.850 0.891 

0.781 0.775 0.818 0.770 0.850 0.886 

All rank corre.1ations are significant (P < 0.01) 

ru 

'" '" 



Table 70. Observed accuracy of sire's breeding value estimated on the basis of different progeny group size as compared 
to breeding value on the basis of '15 or above' daughters under various sampling schemes 

Sire 
evaluation 
method 

II 

12 

I3 

14 

Progeny 
group 
size 

" 0 
12 

5 
0 

12 

" 8 
12 

5 
0 

12 

," 

CMl SYST~TIC SAMPLING SCHEMES 

Fort.nightly 
1"11 

Monthly 
IS21 

Biroonthly 
IS31 

STRATIFIED. RI\NIXlM SAMPLING SCHEMES 

Fortnightly 
1S41 

Monthly 
ISS1 

8iJronthly 
1S61 

--------------------------------------- Accuracy (%) ------------------------------------

KARl\N SWISS BREED 

61.20 fi2.flO SO.67 61 .46 
H~.l~) n4.(]B 02.HI WI.71 
.96.23 96.04 9S.4S 9S.04 

17.22 17.22 17.55 21.00 
7]. I tl 71.27 r,!l . . ')~ 77.Gl 
09.07 U9.l1 nn.54 £19.30 

27.fi(l 2f1. (If) 22.27 2fi.R3 
75.06 73.27 71.74 71. 74 
87.04 86.67 8S.00 6S.74 

'27.(i(i 20.09 22.0<) 2G.03 
:ltl. <)4 TI. "27 71 .74 71.74 
87.04 86.49 6S.00 OS.74 

63.04 61.30 
117j,OO 06.11 
96.23 96.43 

17.55 16.32 
71.74 72.59 
90.63 90.06 

2S.60 23.71 
74.13 77 .00 
67.04 67.96 

2S.50 23.71 
74.99 77.00 
87.04 67.96 

67.70 
03.72 
9S.04 

25.70 
69.72 
67.60 

30.47 
73.10 
6S.74 

30.69 
73.10 
66.11 

r:ont:,d, ••••• 

N 

'" ..., 



contd .•• , table 70 

Sire Progeny 
lNaluation group 
metlKxl size 

5 
T1 B 

1:! 

5 
T2 B 

12 

5 
11 8 

1:2 

5 
14 8 

12 

CI'1'l SYSTEMATIC SAMPLING sct~s STRATIFIED IlANIXM SllMPLING SCHEMES 
------------------------------------- --------------------------------------

Pc))'tn.i CJht.1 y Monthly njIOClnthly Fortnightly Monthly BiJoonthly 
(51' (52' (53

' 
(541 (551 (86) 

----------------------------------------- Accuracy (%) ----------------------------------

42.64 44.35 50.97 
61.62 62.41 66.25 
ftC,.Oti tHi.06 07.90 

1.50 00.03 1.06 
17.10 2<;.50 27.24 
50.36 58.67 63.04 

37.45 41.47 43.95 
~7.4f) :--C1.40 C,O.l7 
-'ll. II!) /tI. J:.! ·/~J.74 

37.45 41.47 43.95 
57.45 56.2~ 60.37 
70.nS 711.12 79.74 

KARl\N FRIES DREED 

·39.94 44.35 
54.~1 62.Bfl 
OG.67 06.49 

1.00 1.40 
20 .. 70 21.16 
65.20 5B.9B 

·35.04 42.51 
ilrJ. ()f) ro)l'). r10 

7U.4~ 70.49 

35.16 42.10 
45'.69 59.29 
70.49 70.14 

40.57 
60.21 
B7.42 

3.24 
17.BO 
5B.67 

34.10· 
,I).~.~n 

78.67 

30.03 
55.50 
70.67 

43.56 
61.46 
B6.30 

00.31 
14.13 
52.85 

42.25 
'jl) • . 1~ 

75.16 

42.25 
55.35 
75.16 

'" en 
co 
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Bhasin and Rao (198;) 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 

methods 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 and BLOP (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 sahi .... ·al buJls by herd-mate 

comparison and least squares with BLUP were greater tha~ 0.80. 

KuznetsoY 119881 reported that the correlations between the 

BLOP, with and without consideration of relationship matrix, and 

contemporary comparison methods ranged from 0.869 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 Dethod was better than 

BLUPi however_t the 'correlation between the two nethods was 0.94. 

Jovanovac (1989) reported that correlation between breeding 

values deternined by SLUP and contemporary comparison was 0.77 

for milk yield. 

In the present investigation, however, the 

comparison method was found to be more efficient 

contemporary 

than least 

squares and BLOP methods~ This indicates that the adjustment for 

year-season environmental effects was more effective in 

"contemporary comparison as compared to the othe-r ~ methods. 



However, the rank correlations of BLUP and least squa~es method 

with contemporary comparison were fairly high. 

4.13 PROGENY GROUP SIZE REQUIRED ON THE BASIS OF PART LACTATION 

RECORDS TO GET THE SAME EFFICIENCY OF SIRE EVALUATION AS 

OBTAINED UNDER COMP~ETE LACTATION YIELD 

It is expected that the accuracy of' breeding value of sires 

on the basis of par~,lactation records of their daughters would 

be lower than that obtained on the basis of complete lactation 

yield of daughters. This is because part lactation yields 

contain less information on the milk producing ability of cows as 

compared to complete lactation yield. Also part lactation 

records' are expected to be subjected to larger influence of 

temporary" environmental effects. These aspects are quantified by 

the estim~tes of heritability of part records versus complete 

lactation records. Further, the phenotypic and genetic 

correlations of part record.s with complete lactation records are 

less than one and so the accuracy of predictability of complete 

lactation yield on the basis of part records will be lower. 

Therefore, to get the same accuracy of evaluation of breeding 

value of sires on the basis of part records as compared 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 ac~uracy was determined by two methods as elaborated in 

Materials and Methods. These aethods use the estimates of 

heritability of part records and complete records, and genetic 

correlation between them. Since all these estimates are 

subjected to sampling errors BO 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 'NEt ~n the Tables 71 to 75. The estimates of progeny 

group size with part records required to prove a sire with same 

accuracy of proof a8 based on fixed number of daughters with 



Table 71. !'rogeny grou
b 

size !lith fortnight] r ~arl ~ield records required to prove a sire wiU same accuracy of prollf as based 011 fhed nUlber of 
daughters lIit coaplete lactation riel (30 days) in (a ran Swiss breed -

------------------.. ----.. -------.--------------.---------------------_._--------------------.,.....---------------------------------------------
Trait 1st )," ltd III 5th 6th 1th 8th m 10th 

----------- ----------- ----------- ----------- ----------- _ .. _----_._- ---_._-_ ... _._-------- ----------- ._---------
) 2 2 I 2 

"_ .... _-_._-_._,, ,- _ ... .... "'-'.,- -. - -.... ,_ .. _---- _ ... - - --_ .... --.. ------------------------------------------
I 19 Il· 8 ~ 8 ~ 8 8 14 Il 8 8 9 9 6 6 5 5 5 , 

18 18 18 16 16 16 16 i5 16 28 24 17 II 18 18 11 10 10 10 II ]V 
I I 180 180 21 26 25 21 25 11 4J JI 21 21 28 28 11 11 16 15 11 II 
20 Hi HE 38 18 J4 14 14 51 46 13 JO H 38 21 22 21 20 21 28 
25 Hi H. 50 50 42 41 14 41 11 ~~ 41 .l1 ~ I 51 19 21 11 21 14 26 
10 HI H8 . 65 1,4 51 52 55 54 85 65 50 44 1,4 " H 33 II II II 32 
35 Hi Hi 8\ 80 61 61 61, 65 99 13 50 50 70 78 40 38 40 38 51 39 
ID H8 H8 99 99 7G 70 11 77 113 81 66 57 H n 46 41 47 4J 72 46 
45 HE H8 122 121 80 80 90 89 111 89 74 63 III 109 II 48 II 48 9! 54 
50 HI H8 118 IH 90 90 101 101 142 96 83 69 \ 30 128 511 13 61 53 115 62 

-------------------------------------------------------------------------------------------.----------------------------------------------

-----------------------------------------------------------------------------------~------------------------------------------------------------------
fra it III h J 21 h III h IHh 15lh 16l~ Ill, 11th 19th 20tb 

----------- ----------- .... _------ -_. __ ._---- _.----_ ... - -- .. ---"--- _ ... -...... ----------- ----.-.---- _._--------
2 1 2 I 1 2 

----------------------------------------------------------------.------------------------------------------------------------------
; 6 6 7 8 b 10 6 11 7 11 8 21 5 22 14 IE 18 11. IE 'E 

10 12 14 12 U 12 28 11 15 16 11 17 H, 10 ,t H Hi IE IE IE I" 
1\ 19 11 18 35 11 64 11 118 11 HE 21 'E 16 " 215 IE IE H8 HE 'E 
28 18 l& 26 62 23 HE 22 HE 41 HE 46 HE II HE HI IE H8 H8 18 'E 
25 31 \1 14 III 2Q HI 29 HE 58 HE Ja HP. 33 HPo HE HE II '8 18 'E 
18 41 Il 41 301 31 HS 15 HI 81 "' 101 HE· 44 HI IE IE IE H8 'E 'I 
31 68 101 52 HE 41 ~B 41 HE 114 HE 112 HI \8 " IE HE HI HE IE IE 
40 11 1\1 63 '8 46 HE 47 '8 164 'E lIS HE 16 HE HE HE HE " 'E '8 
45 91 m 11 " 52 IE \4 HI 248 '8 900 HE 100 IE HE IE IE IE IE IE 
50 III 422 sa 18 58 II 60 HE 419 " HE IE H8 HE HE 'E IE IE IE II 

---------
HE ~ Bot estilable 

~ , 
~ 



fable 72. Progeny grou~ aize with fortni9hlly aut ~ield record. required to proYe it sire with name accuracy of proll{ ita hued on fixed nUiber of 
daughter a wit cOlplete lactation yiel 130 daYB} in Karan Fries breed 

---------------------------------------------------------------------------------------------------------------------------------------------------
Trait I sl 2,d lrd Hh m 6lh m 8lh 9lh 10lh .. ~~~.-.. -. ........ _-- ----------- ----------- -------- .. - ........... . .... --~--. _ .... _._--- ------""" .. "----------

2 2 2 2 I 2 I 2 I 2 , 
--------------------------------------_._----.---.-----------_._--------------------_._------------------------._------------------------------

5 12 12 12 12 8 8 I I 8 8 I 5 6 6 6 6 6 5 5 5 
10 18 19 41 NE 20 20 16 11 18 U 11 11 12 12 IJ 13 11 11 11 9 
15 BE NE 283 NE 41 40 28 28 10 10 16 16 18 18 20 19 17 1& 16 Il 
20 NE NE NE NE 82 81 16 45 46 46 21 21 24 24 27 27 13 21 21 17 
25 B8 N8 NE HE 2\2 NE 72 72 66 66 27 27 II 10 14 14 28 25 27 20 
30 NE NE NO NE NN N' 119 119 94 94 .12 32 37 J7 41 41 14 10 12 21 
11 NN !R NN NN NN NE 224 m \Jl \Jl 10 30 13 n 49 49 40 3\ J7 27 
10 H8 N8 NE Hi Ni NE 641 632 195 1% 4J U 50 50 57 56 4\ 39 42 29 
45 N8 N8 N8 NE NE NE NO HE 305 108 49 49 57 56 64 64 51 43 18 32 
50 HE 18 N8 NE " " IE H' 509 m 55 54 63 63 7l 72 57 48 53 35 

-------: .. ----------------------_.- - --- -_ .. -- .. --_.- --_ .. -----------------------------------------.,.-------------------------------------------------------

--_._----_._---------------------------------------------------------------------------------------------------------------------------------------.-
TI".l i l ~ IIlh 12th l1Lh 1Hh Illh 16lh 1m 18lh 19lh 20 lh , ----------- ._--------- ----------- ____ OR_ORO. --------".- '-"-""'-'" ".~."" .... " _ ..... _---- ----------- -------" .. ~ 

1 2 I 2 2 2 2 2 1 2 1 2 
------------_._----------------------------------------------------------------------------------------------------.. ---------------------------------

I \ , \ 4 4 , r. \ 7 r. 9 9 10 II 11 10 11 12 9 8 
1 0 10 I 10 I 8 ) II II I 4 Il 19 19 22 2:1 21 22 lJ 29 19 19 
15 15 10 1 \ 10 IJ 10 II 16 22 I U 29 28 J:I 40 37 35 51 57 32 J2 
20 20 12 20 13 Il II 23 II 29 23 39 38 46 5B 53 49 92 III 47 49 
2\ 2S 14 26 16 21 15 28 26 36 21 49 48 60 19 7l 65 . 180 258 68 11 
10 30 1 ~ 32 18 21 17 14 31 43 12 60 \9 7\ 101 96 84 489 2m 94 100 
35 35 1 , '" 20 " 2. 4' l' 5·n lr. 7. 69 "I IlS 121 105 HP. HP. 112 III 
U 40 20 II 22 J4 22 46 41 58 40 81 00 10. 174 I ~8 130 " 8' 186 209 
15 45 21 SO 24 38 24 51 16 ' 65 41 91 90 . 128 221 201 160 H' NE 276 128 
50 49 22 56 25 41 25 57 51 72 47 104 101 149 291 259 194 N8 88 450 602 

HE = Not eslilable 

'" -.J 

'" 



'!'able 73, Progeny group aite !lith '(lnthly part yield recorda required to pr(lve <I sire lIith Bale accuracy of proof as based (ID filed nu.ber of 
daughters witb co.plete iactatioh yield (300 days) ih hun Sliisa breed 

---------------------------------------------------------------------------------------------------------------------------
fr.1 it [~t 2n,/ Jrd 41.h 5th 6111 1lh 8th 9th 

..... _----- ----_._._-- ----------- ----------- ----------- ___________ . -----.0_0-- ----------- ._---------

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

5 II 11 6 6 6 12 8 25 13 WE 

10 26 25 16 16 18 16 12 12 10 12 19 11 ·35 
I 

18 WE 31 BE 

15 45 46 24 11 11 23 18 11 15 II 18 39 11 104 31 RE 105 " 
20 15 15 Jl Jl 31 30 24 11 11 18 16 18 13 HE 48 BE 1145 HE 

15 122 111 11 12 46 17 30 19 18 11 35 191 18 " 12 RE BB BF. 

30 1\0 m 51 51 55 IJ 35 34 11 11 45 HF. 11 HE 118 HE Hi Hi 

]5 m m 61 61 64 49 41 48 44 31 56 BF. 39 HE 112 HE HE IE 

40 11.111 ]041 11 11 1.1 H 41 4 " 51 ]) /., " 4~ " ]00 " H' RR 

45 HE IE 82 81 81 60 45 51 63 41 84 HE 51 HE 111 IE IE HE 

58 HE IE 93 9J n 65 59 56 15 48 . 101 H' 56 HE HE IE HE IE 

------------------------------------------------------------------------------------------------------------------------------------------
~R = Mol eKtim~ble 

N ..., 
w 



Table 7~. Progeny group aize with lonlh.ly part yield records required to prove a sire lIith salle accuracy of proof as based 011 fiJed JllIlber of 
daughters with complete (.actatioJl yield t366 daysl in (aran Fries breed 

------------~------------~--------------------------~-

Tr.a i t lsi loJ I,d 41h 5th 6th 1lh 81h 9th 
----------- ----------- ----------- ----------- ----------- ---------.- ----------- ----------- -----------

1 'I 2 
---------------------- .. --- .. -- ..... _. . ". - ... - ., -., -----------------------------------------------------------------.------------------

IJ IJ 6 4 8 10 10 

10 48 48 11 !l II IJ 12 11 10 9 1 8 16 16 22 21 

15 551 616 31 32 20 10 18 18 15 13 15 10 13 13 24 14 35 II 

20 ii iF. 56 56 11 II 25 25 19 11 28 13 18 11 12 12 50 46 

25 ii Ni 10J m J5 15 11 31 2J 21 25 15 22 21 48 48 61 60 

In Hi " 2)1 224 IJ 4l )8 )8 28 25 18 11 27 25 48 48 81 71 

15 Ii " 1m 154) 52 52 II II 32 18 16 19 )2 29 51 56 110 95 

40 N8 " " " 61 61 51 51 16 11 41 21 J6 J3 65 64 118 116 

45 N8 N8 HE N8 71 71 58 58 In )5 45 2) II )1 11 13 173 140 

50 NR ii N8 iF 81 81 65 65 IJ 18 52 H 16 41 82 81 216 161 

-------------------------------------------------------------------------------------------.----------------------------------------------------------
ME = Not estimable 

IV .... 
"" 



Tall. 75. Progeny gr(lup size with bi~lIonthJy part yield records required to prove a sire with same accuracy of proof as baaed on fixed nu.ber of 
daughters with cOlplete lactation yield 1300 days) in ~araD Swiss breed 

_~~ __ .~~4 ___________________________________ . ___________ ____ o ________ • ____________________________________________________________________ , 

.--------

KAltAN SWI~S nR~~D KARAN FRIEl 8Rm 

Trait lot 2nd 3,d 4th 5th lot 2nd 3,d 4th 5th 
.. ----~----- ----- ... - .. --_.-- .. - .. . ,_.------- ............ __ M ______ ._ • 

.""-.-"~---- .---... ------ --.... _----. 
~--.-------

2 2 2 2 . 2 2 2 2 2 1 2 
--------------------~-------------------------.-------------------------~'---------------------------, 

5 9 9 1 7 S & 18 1 HB 8 8 6 5 ' I 3 1 5 6 6 

la 18 11 1J 1J H 18 lJ 126 '8 'E 21 21 12 12 9 i 12 11 12 12 

15 29 29 2e t9 11 11 21 " 'E 'i 46. 41 IE 18 13 9 18 18 18 19 

la 42 41 21 26 14 11 2! .E Nt .t '116 111 l! 14 18 11 H 24 11 21 

25 16 16 J4 12 31 101 H ,E .E 'E 1211 12H 30 la 22 13 11 11 3a 11 

3a 71 72 40 16 42 IE 49 'E Hi ,B HE NE 10 36 21 1\ 38 11 11 38 

3S n 92 47 44 53 " 61 'E 'E NE Ni .i 42 42 Jl 11 45 45 4J II 

4a 111 115 51 50 66 HB 74 NE Nt Nt NE is 48 18 36 18 53 52 49 51 

41 146 144 6t II n ., a! .1 ,g 'E ,I HE 55 55 16 16 51 61 55 58 

sa 183 186 61 61 1Q! HE 161 HE HE IB HE 'E 61 61 45 21 70 68 61 65 
---.- .. _- -~- ,,-----------------_. --, ..... -- -- -- -- -- .. _--- .... ---.•. '-- •.... _- -- , ....• ,,"- ..... --... -----.------------------------------------.----

HE ~ Kot e8timable 

" " <.n 
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qomplete lactation yield under different intervals of part yields 

are given in Table 71 to 75. 

It is seen from these tables that the part yield for which 

heritability was higher, less number of daughters were required 
as compared to part yield with higher heritability. For example, 

for fortnightly part yield of Karan Swiss, when there were 5 

records with complete lactation, the number of daughters 

required' under first'~ortnightly yield was 19 by both methods. 

This number reduced to 8 for 2nd to 4th f~rtni9ht. The number 

was generally higher than 5 for most of p~rt records except for 

10th fortnight for method 2. The number of progeny required was 

almost similar for part records during 9th or 10th fortnight 

<mid-lactation> as compared" to number required for complete 

lactation yield. Reeping in view the samplin~ variation of "the 

estimates used~ it appears that number of part records around 9th 

fortnight was nearer or slightly higher than the number required 

for complete lactation yield~ 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 fort.night ~ the number of daughters required with part 

records was not estimable as the denominator of the equation 

became negative. 

In case of Ka,tan Fries ca.ttle, the number of daughters with 

mid-lactation's fortnightly part records (9th to 13th fortnight) 

required to give the information equivalent 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 hi9he~ 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 tp give the 

same accuracy for sire proof to that of progeny group size with 

complete lactation far both breeds (Tables 73 to 75). In the 
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present study, the number of daughters with part records 

required, for ~ncreasing accuracy to the same level as for 

complete lactation becomes comparatively large since the genetic 

correlation between part yield and complete lactation yield is 

lower. The difference.between numbers becomes more pronounged 

with increase in the number of daughters with complete records 

after a certain stage. such differences were pronounced beyond 

15 daughters with c~plete records in case of fortnightly and 

monthly part yield and beyond 25 in case of bimonthly part yield. 

When part lactation records are used to estimate the breeding 

value of sires for complete lactation yield, there is a 

number of daughters when part lactation records can 1:'e; 

range of 

equally , 
efficient. This depends on the heritability of the part 

lactation and its genetic correlation with complete lactation 

yield. As the aim of sire evaluation is to rank the bulls on the 

basis of their daughters records as early as possible ~n 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 

part records required to give the information equivalent to 

of 30, 40 and 50 daughters with co~plete yield would te 40, 

and 80. vanVleck and Henderson (1'961) estimated the number 

daughters with five months records required in place cf 20, 

40. 50 and 100 daughters with complete records as 27, 44, 65, 

and 476 respectively. 

with 

that 

60 

of 

30, 

n 

Ipe (1979) reported that the progeryy group size needed in 

place of,10, 12, 15, 17, 20, 22 and 25 daughters with 300 days 

yield, the number with 150 days yield found necessary were 11, 

14. 20, 24, 32, 39 and 52. For evaluation on the basis of 210 

days yield, the corresponding daughter records needed were 11, 

13, 17, 19, 23, 26 and 31. 
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4.14 OPTIMUM PROGENY GROUP SIZE BY DIFFERENT METBODS OF SIRE 

EVALUATION UNDER OBSERVED LACTATION MILK YIELD (OMY) AND 

PREDICTED LACTATION MILK YIELD (PMY's) UNDER VARIOUS 

SAMPLING SCHEMES 

The breeding values of sires were estimated separately on 

the basis of four progeny group sizes, viz. first 5, 8, 12 and 

"15 or above" daughters performance with respect to OMY and PMY's 

under various sampli~~,schemes. Four methods of sire evaluation 

were applied, viz. daughter's average index method Cll), 

contemporary comparison method {I21, least squares oethod (I3) 

and best linear unbiased prediction method (I4). The lactation 

milk yields were predicted under fortnightly, monthly and 

,birnonthl,y systematic and stratified "':"andom sampling schemes. The 

correlation between the breeding values of sires based on 

different number of progeny group sizes with the breeding· value 

on the basis of "15 or above" daughters were estimated separately 

for Karan Swiss and Karan Fries breeds (Tables 7'6 and 77). Such 

correlations indicate the repeatability of sire evaluation. 

It" was, found that the correlation between the index II based 

on 5-daughters with that based on "15 or above" daughters ranged 

from 0.766 (scheme S2) to O~819 <scheme S~)~ This indicates that 

accuracy of sire evaluation based on five daughter·s ranged from 

58 to 68 per cent. When 8 daughters per bull were available, the 

above estimate of correlation ranged from 0.910 (schene 52) to 

0.928 (scheme 35)' which indicates that the accuracy of 

evaluation ranged from 82 to 86 per cent. When 12 daughters 

sire were available. the correlation of breeding values with 

sire: 

per 

that 

based on "15 or above" daughters ranged from 0~977 (scheme S2) to 

0.982 <scheme S5)' This indicates that the accuracy of sire 

evaluation ranged fram 95 to 96 per cent. 

Further, it was observed that the correlation between the 

index 12 based on 5 daughters with that, based on "15 or aboveft 

daughters ranged from·O.404 (senerne 85) to 0·.507 <scheme S6)' 

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 g~ size with that based 
n 15 or above" daughters I breeding value under various sarrpl in9 schemes in Karan SWiss breed 

-.------
Sire evaluation Progeny 
method group 

size 

Daughter 5 
average 0 
method (Ll) 12 

(\ )J1I:t:'l1ll:'X'Ir~l.l"y 5 
cat!pdri.son 8 
method (12) 12 

llt~~isl 5 
&]lldl'(! 0 
method (13) 12 

BLUP 5 
method (I4) 8 

12 

.. ::::i\lnific;ml· (r < 0,05) 
U Signiric.mL (P < O,llt) 

.... _- , .... "-- ,._-,------

eM'{ SI 

0.795' 0.793* 
0.923"'* O.917*"" 
0.981 "'* 0.900* 

0.415 0.415 
O.B55*'" 0.05G"'* 
0.948** 0.944** 

n. :12(1 n.~nn 
0.071*]1, 0.(156** 
0.933** 0.931"'* 

0.526 0.530 
0.632* 0.056*"'" 
0.933** 0.930** 

s2 S3 S4 s5 

0.766* 0.784'" 0.794* 0.783* 
o • 91 OU 0.912** 0.922*'" 0.928"'* 
0.977 ...... 0.979** O.9Bl"'t 0.982** 

0.419 0.467 0.419 0.404' 
0.026""" O,OOl*'" O.8471n11 O.O52*'" 
0.941** 0.945** 0.952** 0.949** 

0.472 (). ~1 fI~ 0.506 0.407 
0.047""" O.O47*'" 0.061** 0.1378** 
0.922""" 0.926** 0.933** o .93B*"" 

0.470 0.518 0.505 0.4B7 
0.047""" 0.047""" 0.066** 0.878*:1r 
0.922*'" 0.926** 0.933** O.938*"" 

S6 

0.819* 
0.915** 
0.979** 

0.507 
0.835** 
0.936** 

0.552 
O.05S*'" 
0.926** 

0.554 
0.855** 
0.928** 

on 

N 

'" "' 



Table 71. 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 
nr.thod group 

K i 7.(~ 

Daughter 5 
average 8 
method (I1) 12 

r\ 'Ill '-'Jllp.l1·,n-y ~ 
c0rrp3.rison 8 
""thod II2) 12 

I ~.tHI: 5 
square 8 
method 1I3) 12 

BLOP 5 
method II4) 8 

12 

• ~H~lUi (iv.1II1 (t.", (I.Uri) 
"'* Significant (P < 0.01) 

OHY 81 

0.653 0.666 
0.7aS*'" 0.790"'* 
0.932""" 0.932""'" 

-tl.I::!4 -0.011\ 
0.417 0.505 
O.764*'" 0.766** 

n.bt:;! n.h44 
0.758'" 0.751'" 
O. fl88** 0.885""" 

0.612 0.644 
0.758' 0.750' 
o. fino""" 0.Oil5""" 

82 83 84 

0.714 0.632 0.666 
0.814*'" 0.737**' 0.793*i'" 
0.938"'* 0.931 *'" 0.930"1:* 

0.103. 0.100 -0.119 
0.522 0.45:' 0.460 
0.799** 0.808** 0.768** 

0.(6) O.~f)2 0.652 
0.777""" O.676*'" 0.774"'* 
0.893*'" 0.886"'* 0.886"'* 

0.663 0.593 0.649 
0.777** 9·676"'* 0.770"'* 
0.093** 0.006"'* 0.884** 

85 

0.637 
0.776** 
0.935** 

-0.100' 
0.422** 
0.766" 

0.540 
0.745* 
0,887** 

0.548 
0.745' 
0.887** 

86 

0.660 
0.784** 
0.929" 

0.056 
0.376 
0.727" 

0.650 
0.744' 
0.867** 

0.650 
0.744' 
0.867** 

N 
co 
o 
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25, per cent. When B daughters per bull were available, the above 

estimates of correlation ranged from 0.828 (scheme 82) to 0.881 

(scheme 53) which revealed that the accuracy of sire evaluation 

based on 8 daughters ranged from 69 to 76 per cent. When 12 

daughters per sire were available, the correlation of breeding 

values with that based on "15 or above ft daughters ranged from 

0.941 (scheme S2) to 0.952 (scheme 84)' This indicated that the 

accuracy of sire evaluation ranged from 89 to 91 per cent~ 

For index 13, 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 S2) to 0.552 (scheme 86)' 

This ·indicates that the accuracy of sire evaluation ba ... ed on five 

daughters ranged from 22 to 30 per cent. When 8 daughters per 

bull were available, the above estimates of correlatlon ranged 

from 0.847 (sch€m€ S2) to 0.861 (scheme 54)' This re"-ea 1 s that 

the accuracy of sire evaluation ranged from 72 to 74 per cent. 

When 12 daughters per sire were available, the correlation of 

breeding value w-ith that based on "15 or above" daughters ranged 

from 0.922 (scheme S2) to 0.938 (scheroe S~), which indicates that 

the accuracy of sire evaluati?n ranged from 85 t.o 87 pEr cent .. 

For 'index I4' it was found that the correlaticn between 

index based on 5 daughters with that based on "15 "Jr above" 

daughters ranged from 0.470 (scheme 52) to 0.554 (scheme 55) 

which indicates that the accuracy of S1re evaluation ranged from 

22 to 31 per cent. When 8 daughters per bull were avai:able, the 

correlation between breeding values ranged from 0.632 fscheme Sl) 

to 0.878 (schece 55). This indicates that the accuracy of sire 

evaluation ranged from 39 to 77 per cent. When 12·daughters per 

sire were available, the correlation of breeding value ~ith that 

based on M1S or above M daughters ranged from 0.922 (scheme S2) to 

0.938 (scheme 55). This reveals that the accuracy of sire 

evaluation ranged from 85 to 88 per cent. 

It is seen from Table 76 that the estimates of c?rrelation 

between breeding values based on 8 and 12 daughters ~ith that 



based on "15 or above" daughters were statistically 

(P < 0.01) for all four methods of sire evaluation, 

2B2 

significan-t 

wherea$ the 

estimates of correlation between breeding values based on five 

daughters were found to be not significant under indexes 12, 13. 

and 14 of sire evaluation. 

In case of Karan fries breed,' it was found that correlat'ion 

between the index Il based on 5 daughters with that based on "15 

o.r above" daughters_.ranged from 0.632 (scheme 83) to 0.714 

(scheme S2)' This indicates that accuracy of sire evaluation 

based on five daughters ranged from 40 to 51 per cent. When 8 

daughters per bull were available, the above estimat~s of 

correlation ranged from 0.737 (scheme 53) to 0.814 <scheme 52), 

which reveals that the accuracy of sire .evaluation ranged fron 54 

,to 66 per cent. When 12 daughters per sire were available, the 

correlation of breeding value with that based on "15 or above" 

daughters ranged from 0.92 (scheme 56) to 0.938 (scheme 52)' 

This ind-icat~s that the accuracy of sire evaluation ranged from 

86 to 88 per cent. 

In similar. way~ for index 12, it was observed that the 

correlation between index based on 5 daughters with that ba~ed on 

"'15 daughters and above 8 ranged from -0.018 (scheme SI) to 0.103 

(scheme 52) 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. Wh.::n 8 

daughters per bull were available, the estimates of correlation 

ranged from 0.376 <scheme S6) to 0.505 <scheme S1) which gav~_ the 

range of accuracy 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 56) to 0.80B (scheme 53'), 

This indicates that the accuracy of sire evaluation ranged from 

53 to 64 per cent. 

Similarly for index 131 it was found that the correlaLion 

between the index based on 5 daughters with that based on ftl~ or 



based on "15 or above~ daughters were statistically 

(P < 0.01) for all four methods of sire evaluation, 
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significant 

whereas the 

estimates of correlation between breeding values based on five 

daughters were found to be not significant under indexes I2, 131 

and I4 of sire evaluation. 

In case of Karan Fries breed,' it was found that correlat'ion 

between the index II based on 5 daughters with that based an "15 

o.r above" daughters_.ranged from 0.632 (scheme 83) to 0.714 

(scheme 52). This indicates that accuracy of sire evaluation 

based on five daughters ranged from 40 

daughters per bull were available, 

to 51 per cent. When 8 

the above e5timat(~s of 

correlation ranged from 0.737 (scheme 53) to 0.814 {scheme S2)i 

which reveals that the accuracy of sire .evaluation ranged fron 54 

to 66 per cent. When 12 daughters per sire were available, the 

correlation of breeding value with that based on "15 or above" 

daughters ranged from 0.92 (scheme S6) to 0.938 (scheme 52)' 

This indicates that the accuracy of sire evaluation ranged from 

86 to 88 per cent. 

In similar. waYr for index 12' it was observed that. the 

correlation between index based on 5 daughters with that ba~~d on 

ft15 daughters and above~ ranged from -0.018 (scheme S1) to 0.103 

(scheme 52) which indicates the range of accuracy of sire 

evaluation as 0.03 to 3 per cent. This is due to small size o~ 

progeny for their contemporary daughters in the data. Whte:n B 

daughters per bull were a.vailable, the estimates of correl;;.tion 

ranged from 0.376 (scheme S6) to 0.505 (scheme Sl) which 9av~. the 

range of accuracy of sire evaluation from 14 to 27 per cent. 

Further, when 12 daughters per s~re were available, the 

correlation of breeding value with that based on n15 or above ft 

daughters ranged from 0.727 (scheme 56) to 04808 (scheme 53'). 

This indicates that the accuracy of sire evaluation ranged from 

53 to 64 per cent. 

Similarly for index 13~ it was found that the correla~ion 

between the index based on 5 daughters with that based on ~l~ or 



In case of Karan Fries breed, it was fouud that when there 

were 5 daughters per bull, the method 11 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 II under monthly systematic 

sampling scheme gave highest (66%) a~curacy of sire evaluation. 

In the same way~ when 12 daughters per sire were available, the 

method 11 under moirt.'hly systematic sampling scheme gave the 

highest (B8%) accuracy. 

It is, ·thus, seen that the breeding value estimates based on· 

12 qaughters per sire using method Il (daughter average method) 

estimate had highest accuracy. 8owever, the results on 

efficiency of sire evaluatiDn methods indicated that contemporary 

comparison method was most efficient in this data. The 

contemporary compar~son method had very low accuracy when the 

progeny group size was very small f5 to 8). When the progeny 

group size was 121 the accuracy of sire evaluation by 

contemporary comparison was comparable to daughter average method 

and other methods. 

From the above results, it is also seen that when the 

progeny group size was increased there was increase in accuracy 

of sire 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 under the two 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 of the sampling schemes 

could be employed. In field conditione, bimonthly recording 

under stratified random sampling scheme could be used. 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. 
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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 steppIe and Russian Simmental cattle. Correlations 

were calculated on the performance of all daughters with that of 

first 5, 10, 15, 2~, 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 

unrtecessary. 

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 

method of sire evaluation using fir~t 5, 10 and 50 daughters. 

Be 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 

method 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 (19B8) studied the repeatability of 

breeding value estimates based on least squares method using 

three linear models. They observed that the accuracy of breeding 

value estimate based on 20 daughters ranged from 0.50 to 0.57 for 

three linear models. 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 squares method of 
sire evaluation, as 0.57 for Holstein sires and O~62 for Sahiwal 
sires. 

4.15 COST OF FIELD RECORDING OF DAUGHTERS UNDER VARIOUS SAMPLING 
SCHEMES FOR SAME ACCURACY OF PROGENY TESTING OF BULLS WI~H 

VARYING PROGENY GROUP SIZE 

The number of daughters required per crossbred sire under 
various sampling schemes and observed milk yield (OMY) for the 
same accuracy of sire evaluation were esti~ated (Table 78). It 

.was found that the percentage of more daughters required under 
various sampling schemes as compared to OMY was 0.97 per cent for 
fortnightly systematic sampling schemes .(SI)' 2.44 per cent for 
monthly systemat.ic sampling scheme (S2), 6.54" per cent for 

bimonthly systematic sampling schemes (S3); 1.09 per cent for 
fortnightly random sampling (S4)" 2.90 pe~ cent for monthly 
stratified random sampling (S5) and 8.37 per cent for bimonthly 
stratified random sampling (S6>' 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 rounded to the 
nearest unit place (Table 78). ~t 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-under 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 lowest for bimonthly recording. 
curther, the cost of systematic sampling was lower than that of 
bimonthly stratified random sampling. For example, when 50 
daughters per sire are required for observed milk yield with 
complete recording of lactation, the number of daughters required 
under bimonthly systematic sampling (83) would be 53 and under 
bimonthly stratified random sampling would be 54. The cost of 

recording under 83 would be Rs.l,590 and under 86 would be 
Rs.l,620. Therefore, it may be concluded that bimonthly 

systematic sampling scheme is cheaper. As seen in the earlier 
section for getting unbiased test records in field conditions, 

the bimonthly stratified random scheme was desirable; this will 
require slightly more (about 4%) cost. 



CHAPTER - 6 

SUMMARY AND CONCLUSION 



5. SOMMARY AND CONCLUSIONS' 

The present investigation was conducted on Karan Swiss (KS) 

and Karan Fries (KF) cattle maintained at National Dairy Research 

Institute, Karnal. Th@.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 19B?} and 2,38,810 

daily records of 835 cows in first lactation milk yield of Karan 

Fries breed spread over a period of 15 years (from 1974 ,to 1988)~. 

The number of sires ~ere 51 for Naran Swiss and 54 for Karan 

Fries. The records of both breeds of cows of known pedig!-"ee with 

normal lactation were included in analysis. Lactation records 

shorter than 120 days were excluded from the study. The traits 

considered were: observed first lactation milk yield (OMYl, age 

at first calving (AFe), predicted first lactation milk 

(PMY) under fortnightly (Sl), monthly (S2) and bimonthly 

systematic· sampling schemes, fortnightly (54), monthly (55) and 

bimonthly (S6) stratified random sampling schemes and fort­

nightly, monthly and bimonthly part lactation yield and mon"thly 

c~ulative yields. 

For Karan 5wiss, the overall least squares mean of OMY was 

2639.98 + 35.76 kg. The average predicted lactation milk yield 

(PMYl on the basis of 51' "52 and 53 were 2640.67 + 35.84 kg, 

2646.25 ~ 36.39 kg and 2665.46 ~ 37.00 kg, respectively and under 

S4' S5 and S6 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 Sl' 52 and 53 were 2770.36 + 55.20 

kg, 2770.67 + 55.61 kg and 2751.89 ~ 56.88 kg and under s4, S5 

and S6 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 PMyis under six sampling 

schemes ~as 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 PMyls under six -sampling schemes was not 

significant in case of- 'Karan Swiss but highly significant in case 

of Karan Fries. The OMY as ~ell as PMY's under various sampling 

schemes were found to be highes·t in autumn and lowest in spring 

for· both the breeds. In case of KS, the highest OMY as well as 

PNY's under systematic sampling schemes were found to occur for 

genetic group Fl (3017.66 kg) -and lowest for genetic group F2 

(24a2~44 kg). In case of stratified random sampling scheme of 

KS, the highest PMY (3021.23 kg) occurred for genetic group Fl 

and lowest PMY (2491.82 kg) occurred for genetic 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 

crOS!3es. 

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 

calving was not 

bimonthly part 

cattle; whereas regression on age at first 

significant in all fortnightly, monthly and 

lactation yields and cumulative milk yields in 

Karan Swiss breed, but in case of Karan Fries, it was found _to be 

significant. 

The prediction of lactation milk yield on the basis of 

fortnightly systematic sampled test records by ratio method 

reveals that maximum (70.78%) accuracy of prediction was obtained 

during 10th fortnight for Ka'ran SWi.ss breed$· The predit;.tion on 

the basis 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 fortnight for Karan Fries 

cattle. The accuracies of prediction of lactation milk yield on 

,the basis of fortnightlY systematic and stratified rando.m sampled 

test records by ratio r,lethod were almost similar in both breeds. 

The prediction of lactation milk yield on the basis of 

fortnightly part yields reveals that maximum (50.74%) accuracy 

was obtained for 7th fortnightly and minimum C7. 21%) for 20th 

fortnightly part yield for Karan Swiss 'and maximum 

(62.50%) for 11th fortnight and minimum (26.78%) 

fortnight in Karan Fries breed. 

accuracy 

for 1st 

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%) accuracy 

for prediction was obtained during sixth month for. Karan Fries 

cattle. On the other hand, prediction of lactation milk yield 

based on monthly stratified random sampled test records revealed 

that maximum (68.88%) accuracy for prediction was obtained during 

sixth month for Karan Swiss and maximum (69.75%) during ,fifth 

month for Karan Fries breed. The maximum accuracies for' 

prediction on the basis 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 Karan Fries 

cattle. 

The prediction of lactation-milk 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 both the breeds, first 180 days cumulative milk yield 

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 t~o fortnightly test records and fortnightly part yields 

were taken. the best multiple regression equations were found to 

be those utilising 4th and 13th fortnightly records under 

systematic sampling scheme, 4th and 12th for,t.nightly 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 equations involved 4th, 13th and 17th 

fortnightly yields under systematic sampling, 4th, 12th and 17th 

fortnightly records under stratified random' sampling 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. 

'In both the breeds, it was found that when one record was 

taken as independent variable, the 7th month test record under 

systematic and stratified random sampling scheme and 6th month 

part milk 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 systematic and stratified random 

sampling schemes and 2nd and 6th' mo~th part milk yields, the 

accuracies of'p~ediction 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 equations utilised 2nd, 7th and 

9th month test records under systematic and stratified random 

sampling schemes and 2nd. 6th and 9th month part milk yields, 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 systematic and 

stratified random sampling schemes and 3rd bimonthly part yield 

gave highest accuracy of prediction; the accuracy of prediction 

being 68.42, 68.99 and 78.58 per cent, respectively. When two 

bimonthly test records and. himonthl:r part yieldS were taken, the 

best multiple 'regression equations were those utilisi.:-. .; 1st and 

3rd bimonthly test records under systematic sampling, 3:-d and 4th 

bimonthly recoqis under stratified random sampling anc. 1st and 

3rd bimonthly part yields; the accuracies of 

80.18, 80.14 and 88.84 per cent, respectively. 

p"rediction being 

When t~ree test 

records were considered, the best equations involved ls~, 3rd and 

4th biQonthly records under systenatic and stratifi~d random 

sampling schemes and 1st, 3rd and 4th bimonthly par~ yields; 

their accuracies of prediction being" 91.11, 90.00 .=nd 96".51 

per cent, respectively. When more number of test records or part 

records were consi"dered as independent variables, :.here was 

increase in accuracy of prediction but at slower rate. 

The accuracy of prediction was better at shorter i~terval of 

milk recording under systematic and stratified random sampling 

schemes in both breeds. It ~as observed that the error variance 

in predicted lactation milk yield was increased gradually when 

the interval of test recording was increased. The "Eystematic 

sampling scheme gave better precision under all the three test 

day intervals of recording as compared to stratified 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 estirna~ed after 

adjusting the data for non-genetic factors (season and period of 
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calving r genetic group and age at first calving). The 

heritability (h2 ) was highest (0.397) for 10th fortnight. The 

estimates of heritability of 9th to 12th fortnightly part yields 

were found to be higher than th~t of observed lactation milk 

yield (OMY) in Karan Swiss cattle. In case of Karan Fries breed, 

the h
2 

estimate was highest (0.346) for 13th fortnightly part 

yield. The h 2 estimates of 2nd to 4th fortnightly and 11th ·to 

13th fortnightly part yields were found to be higher than that of 

OMY. The h 2 estimate.. pf monthly part yield was highest (0.405) 

for 5th month and h 2 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 h 2 was fo.und to be 

highest (0.341) during 7th Qonth and h 2 estimates of 1st~ 2nd~ 
6th and 7~h month were found to be higher than that of OMY in 

Karan Fries breed. For Karan Swiss, the h 2 estimate was "highest 

(0.388) for 3rd bimonth yield. "whereas" the h 2 was highest (0.337) 

for 1st bimonth yield and h 2 estimate of 1st bimonth and 3rd 

bimonth part yields" were found to be higher than that of OMY 

Karan Fries breed. The h 2 estimate of cumulative part yield 

highest (0.328) for first 180 days part yield in Karan Swiss 

in 

was 

and 

highest (0.363) for first 210 days part yield in Karan Fries 

breeds. 

The herit"ability est1.mates for OMY and PMY's under 

fortnightly, monthly and bloonthly 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 2 estimates were 0.294 ~ 0.103 for OMY, 0.278 + 

0.104 for f~rtnightly, 0.285 ~ 0.105 for monthly and 0.269 + 

0.103 

0.275 

for bimonthly systematic predicted "lactation milk yield and 

+ 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 h 2 estimates of PHY's under various 

sampling schemes varied from 1 to 5 per cent as compared to 
- -

estimate of OMY in both breeds. 



294 

The estimates of genetic correlations between OMY with PMY's 

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, 

very high 

( ranging 

the estimates of phenotypic correlations 

(ranging from.O.950 to 0.989) in Karan 

from 0.964 to 0.989) in Karan Fries breed. 

were also 

Swiss -and 

All the 

estimates of phenotypic and genetic correlations were 

statistically significant (P < 0.01) in both breeds. These 

results suggest that the predicted lactation milk yield under 

various sampl ing schemes would give high phenotYP,ic and genetic 

accuracy of selection,for lactation milk yield. 

It was found that for'Karan Swiss, the highest average 

breeding value of sires wa"s obtained for method I4 (BLtiP) under 

all ,sampling schemes 'and ONY; the lowest being fot" nethod II 

(daughter's average)~ The r~nge of breeding values of sires for 

method 14 (BLUP) was lowest and for method II was highest for all 

the sampling schemes and O~Y. This indicates that sampling 

schemes did not have any effect on tbe relative effectiveness of 

the sire evaluation methods. The sampling scheme 83 (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 ~aximum 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 Slres was obtained for the cethod 11 

(daughter"s average) under all sampling schemes and OMY, the 

lowest being for method 14 (BLUP). The range of breeding values 

for method 14 was lowest and for method 11 was highest for all 

the samples shcemes and OMY. This indicates that the sampling 

schemes did not have any effect on the relative effectiveness of 

the sire evaluation methods. The sampling method 52 (monthly 

systematic schemel, however, gave the highest average breeding 
~ -

value and range of breeding values. Therefore, for 'Karan Fries 

data, least discrimination among sires was obtained by SLUP and 

maximum discrimination by daughter'g 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 (I2) 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 (13), BLUP method '(I4) and least 

efficient was average method (11) which had the highest error 

variance. Further, f~r method 12 the lowest error variance was 

obtained when observed lactation milk yield (OMYI was considered 

as compared to PMY's under various sampling schemes. There was 

~ncrease in error variance v,:ith increase in interval of recording 

for~both systematic and stratified random sampling sche~es. The 

method 13 (least square analysis method) under OMY and various 

sampling schemes had h~ghest relative efficiency ,,;;ith most 

efficient method I2 with OMY. In case of Karan Fries cattle~ it 

was found that contemporary comparison method 12 had the lowest 

error vr1ance for OMY as well as PMY's u~der systenatic and 

stratified random sampling schemes followed by least square 

method 13. Further, for method 12 the lowest error variance was 

obtained when monthly stratified random sampling scheme was 

considered. It was observed that fortnightly milk rec?rding 

under both sampling schemes gave lowest error variance. For same 

interval of recording, the stratified sampling had lo.er error 

variance as compared to systematic sampling. It was found that 

method 13 (least square analysis) under OMY and PMY's under 

various sampling schemes had highest relative efficiency with 

most efficient method 12 of OMYe 

In case of Karan Swiss breed, the rank correldtion for 

method III method 13 and method I4 with most efficient nethod I2 

ranged from 0.778 to 0.801. 0.742 to 0.762 and 0.805 to 0.821 for 

OMY and PMY's under various sampling schemes, respectively. 

These rank correlations were statistically significant <p < 
.. 0.01) • This indicates that all methods tended to rank- Eires w'itli'­

fairly high accuracy. SimilarlYI in case of Karan Fries cattle, 

it was found that the rank correlations of method II. 13 and I4 
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with most efficient method 12 ranged from 0.754 to 0.710, 0.850 

to 0.870 and 0.889 to 0.904 for OMY and PMY under va~ious 

sampling schemes, respectively. These estimates of rank 

correlation were highly significant (P < 0.01). This al~o 

revealed that all methods tended to rank sire with fairly high 
accuracy~ 

It is concluded that contemporary comparison method 12 was 

the most efficient method of sire evaluation for OMY as ~ell as 

PMY ' sunder different'""'fjilk recording systems followed by least 

square method (I3), BLUP (14) and daughter average index (11) for 

Karan Swiss and Karan Fries breeds. 

The part .yield for ~hich heritability was higher, less 

number of daughters were required as compared to part yield with 

lower heritability. For fortnight.ly part yield of Karan Swiss, 

when there we·re 5 records with complete lactation, the number of 

daughters required under first fortnightly yield was 19 by both 

methods. This number reduced to 8 for 2nd to 4th fortnight. The 

number was generally higher than 5 for most part records except 

for 10th fo~tnight for oethod 2. The number of progeny required 

was. almost similar for par·t records durin9 9th or 10th fortnight 

(mid lactation) as compared to number required for complete 

lactation yield. 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 required for 

complete lactation yield. The later fortnightly part yields 

(17th to 18th) had low heritability. Therefore, for 17th to 18th 

fortnight, the number of daughters required with part records was· 

not estimable as the denomihator of the equation became negative. 

In case of Karan fries cattle, the number of daughters, with 

mid-lacta~ion's fortnightlY part records (9th to 13th fortnight) 

required to give the 

progeny group size 

nearer or slightly 

information equivalent to that of diff·erent 

with complete lactation yield F would be 

higher due to hi9he~ heritable .part of 

lactation. The initial and terminating fortnightly part yields 
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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 

daughters 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 required, 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 o'f the 

part . lactation and its genetic. correlation with complete 

lactation yield. As the aim of sire evaluation loS to ~'rank the 

bulls on the basis of their daughters records as early as 

p<?ssibl"e in order not to increase the generation interval,· the 

use of daughters with part ~ecords can be useful. 

slightly more number of daughters would be needed. 

However, 

The repeatability of breeding value estimates was obtained 

by dete~mining 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, it was found that when there 

were 5 daughters per bull. the method 11 under bimonthly 

stratified random sampling scheme S6 gave highest (68%) accuracy 

of sire evaluation. Further, when 8 daughters -per bull were 

available 7 the method Ii under monthly stratified random sampling 

scheme (SS) gave highest accuracy (86%) accuracy of sire 

evaluation. In the same way, when 12 daughters per bull were 

available, the method (11) under monthly stratified random 

sampling scheme (S5) gave highest accuracy (96%). In case of 
Karan Fries breed, it was found that when there were 5 daughters 

per bull, the method Ii under 

stratified random sampling schemes 

fortnightly systematic and 

gave highest (44%) accuracy of 
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sire evaluation. Further, when 8 daughters per bull were 

available, the method II under monthly systematic sampling scheme 

gave highest (66%) accuracy of sire evaluation. In the same Wqy, 

when 12 daughters per sire were available, the method II under 

monthly systematic sampling scheme gave the highest (88%) 

accuracy. It was thus observed that the breeding value estimates 

based on 12 daughters per site 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 <5 to 8). When the progeny group s~ze was 

12, the accuracy of sire evaluatjon by contemporary comparison 

was comparable to daughter average method and other methods. 

It 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 similar to the accuracy of 

sire evaluation based on observed lactation milk yield (OMY). 

This indicates 

employed. In 

that 

field 

any of the sampling 

conditions, bimonthly 

schemes could be 

recording under 

stratified random sampling could be more useful. This system of 

sampling would not have any biases in p"ractice 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 possibility of reduci-ng the cost of 

recording, the number of daughters required for xortnightly 

sampling scheme was almost same as for aMY. For higher accuracy, 

the number of daughters under monthly and bimonthly recording 

would be slightly higher than those required under fortnightly 

sampling scheme. It was found that for same accuracy of sire 

evaluation, the cost of recording was lowest for bimonthly 

recording. Further, the cost of bimonthly systematic sampling 

was slightly lower than tha~~f bimonthly- stratified random 

sampling. When 50 daughters per sire are required for observed 

milk yield with complete recording of lactation, the number of 
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daughters required under bimonthly systematic sampling (S3) would 

be 53 and under bimonthly stratified 'random sampling would be 54. 

The cost of recording under 83 would be Rs.l,590 and under S6 

would be Rs.l,620. Therefore, systematic sampling scheme would 

be slightly cheaper. However, for getting unbiased test records 

in field conditions, the bimonthly stratified random scheme would 

be desirable. This will require slightly more (about 4%) cost. 
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