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ABSTRACT

A GENETIC STUDY OF MILK YIELD OF NATIVE BREEDS
OF CATTLE AND CROSSES WITH BROWN
SWISS IN INDIA

By

Francis Ruvuna

A study was conducted to evaluate environmental and
genetic factors affecting milk production of three Zubu
breeds of cattle (Tharpakar, Sahiwal, Red Sindhi) and three
crosses with Brown Swiss (Three-way cross, Inter Se cross,
3/4-Brown Swiss) under similar tropical environment at
Karnal, India. Two objectives were pursued:

1. To determine the influence of breed group, year,
season, lactation number, age, calving interval and
lactation length on milk production.

2. To obtain heritability and repeatability estimates
for milk yield.

The data were collected at Karnal, India. A total
of 9,086 lactation records of 2,958 cows that calved in the
period 1930-1975 were used in this study. Statistical
Analysis System (SAS) by Barr et al. (1979) was used in all

computations.
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All the main effects of year (Y), breed group (B),
season (S), lactation (L), and age within lactation (A(L))
were important for milk yield. The two-way interactions of
breed group by year, breed group by lactation, breed group
by age within lactation, year by season, year by lactation,
year by age within lactation, and season by age within
lactation also were important for milk yield.

Tharpakar cows were superior to Sahiwal and Red
Sindhi cows, outyielding Sahiwal and Red Sindhi by 232 kg
and 204 kg, respectively. Difference between Sahiwal and
Red Sindhi was only 28 kg, indicating equal potential for
milk yield by the two Zebu breeds.

The Three-way cross was superior to the other crosses
suggesting that 50% Brown Swiss inheritance was best for
milk yield. However, results on the crosses should be
interpreted with caution because they were based on relatively
small data. The crosses outyielded purebred Zebus by 450 kg.
or more suggesting better potential of the crosses for milk
yield. However, it is known that the crosses were treated
more favorably than contemporary Zebus.

Considering the purebred Zebus only, all cows that
calved at the age of 61-90 months outyielded all other age
groups within each lactation.

Fixed effects and their interactions accounted for
45% of the total variation in milk yield. A combination
of linear, quadratic and product terms of calving interval

and lactation length accounted for 29% of the total
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variation in milk yield. Linear and quadratic terms for
lactation length accounted for 28%, and linear and quadratic
terms for calving interval alone accounted for 8% of the
total variation in milk yield. Because lactation length
alone accounted for almost the same variation in milk yield
(28%) as a combination of lactation length and calving
interval (29%), it was concluded that calving interval was
not important when lactation length was considered.

Estimates of heritability and repeatability of milk
yield for each breed group were obtained from variance com-
ponents for sires and cows. The phenotypic variance for
the purebred was lower than that reported for temperate
breeds. The crosses showed consistently higher phenotypic
variance than the purebred Zebus. However, more research
is needed because the crosses involved relatively few
records.

Both estimates of heritability and repeatability
for the purebred Zebus ranged from .10 to .30. Considering
only estimates made from 500 or more records and the magni-
tude of standard errors, there was little change in herit-

ability from one lactation to another.
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INTRODUCTION

The need for genetic improvement of livestock in
the tropics has been realized for several decades. After
the "green" revolution new hopes have been placed on the
"white" revolution to increase the milk yield within the
stressful tropical environments.

In lieu of the relatively low-yielding indigenous

Bos indicus dairy cattle, a number of Bos taurus have been

introduced into many tropical areas. Because the climate

in these areas differ markedly from that in the natural
habitat of the European breeds the question has frequently
been raised as to whether climatic factors have been respon-
sible for the often disappointing results obtained from Bos
taurus cattle. As pointed out by McDowell (1959, 1972),
Branton et al. (1966), and Johnston et al. (1960), the
reduced energy intakes, associated with management practices
combined with summer weather conditions of high temperatures
and humidity can reduce production even though the cattle
may possess the genetic potential for high production.

These environmental factors affect production traits both

directly through effects on the physiological functions and



indirectly through the nutrition status of the animals.
Therefore, the main concern of the animal breeders has been
to develop types of animals that would be able to "break
through the performance barrier" under the various tropical
environmental conditions.

Ansell (1976) concluded that if appropriate steps
are taken to mitigate the effects of climate and a high
level of management practices is maintained, there appears
to be no reason why ambient temperatures and humidity should
be inimical to successful dairy development with temperate
breeds in the tropics. Similarly, Mayn and Wilkins (1971),
pointed out ". . . In principle, high-yielding cattle can be
kept anywhere in the world, provided enough capital and
know-how are available to create the necessary environment."

Two schools of thought have been advanced as to what
systems of mating will produce the types of livestock suited
to the harsh tropical climates. Some animal breeders have
recommended adoption of the system of mating that will most
rapidly bring about replacement of the indigenous stocks.
Others see selective breeding within the indigenous groups
as the key to improvement. The resulting dilemma is whether
to try to modify the local environment and utilize an im-
proved germ plasm via crossbreeding or to gradually improve
the local stock through selective breeding within the indige-
nous stocks.

The merits of crossbreds over the Zebu tropical

breeds are supported by numerous studies. For instance,



Stonaker et al. (1953), Amble and Jain (1965), and Moulick
et al. (1972) among others reported higher yields of cross-
breds over purebred Zebu cattle. A review by McDowell
(1971) on crossbreeding in 48 herds from seven countries in
the tropical region indicated the same kind of result.

On the other hand, Alim (1960), Amble et al. (1958),
Mahadevan (1966) and others have demonstrated that it is
possible to improve milk yield by selective breeding in
groups of cattle indigenous to tropical regions. However,
they were not clear as to the limitation of this type of
improvement. McDowell (1971) with an opposed idea asserted
that on the basis of "total dairy merit" there is serious
doubt about the usefulness of local native cattle for com-
mercial dairying. However, this remains to be proved.

In view of the contradicting stands, a logical
approach to the problem would seem to evaluate indigenous
stocks and their environments before initiating any rigorous
breeding program. Because the observable performance of an
animal is a combination of its genotype and environment,
accurate evaluation of the former is only possible from data
collected when the environmental influence common to all
animals in a herd is statistically removed. Unfortunately,
only limited research has been directed to evaluation of the
dairy merit of most breeds evolved in the tropical areas.

The present study seeks to evaluate performance of
three Zebu breeds (Sahiwal, Red Sindhi and Tharpakar) and

their crosses with Brown Swiss at the National Dairy Research



Institute (NDRI), Karnal, India. The specific objectives

are:

To examine the effects of year, season, lactation
number and age at calving on milk yield of six
breed groups namely Tharpakar (T), Sahiwal (S), Red
Sindhi (RS), Three-way cross (S x RS x BS), Inter
Se cross (S x RS x BS) x (S x RS x BS) and 3/4 -
Brown Swiss (3/4 - BS).

To assess the relationships of milk yield with
calving interval and lactation length.

To estimate repeatability and heritability of milk

yield.



LITERATURE REVIEW

Essential to the success of any livestock program
is a knowledge of the genetic and environmental influences
associated with the economically important traits in the
population. For instance, a lactation record is the result
of a cow's genetic potential and environmental conditions.
Therefore, it is imperative to be able to make accurate
allowance for the latter, so as to arrive at a good estimate
of the former.

A number of investigations have been made in temper-
ate regions to determine the importance of various non-
genetic factors on milk yield of dairy cattle. However,
similar studies in the tropics are relatively few. The
following literature review summarizes some of the previous
studies concerning the effects of breed group, year, season,
lactation number, age at calving, calving interval and
lactation length on milk yield. Also, heritability and
repeatability estimates for milk yield, lactation length
and calving interval are summarized. Wherever possible,
comparisons will be made between temperate and tropical

regions.



Breed Differences

Information on breed differences is of paramount
importance in sorting out the most appropriate management
and selection strategies in a dairy enterprise. An inter-
esting feature common to all breeds indigenous to the
tropics is the large coefficient of variation ranging from
40 to 50% for lactation yield as compared to that for tem-
perate breeds, ranging from 10 to 20% (Robertson, 1950).
Similar range of coefficient of variation was reported by
Sikka (1931). The lax management systems prevalent in most
tropical areas indicate that the large coefficient of vari-
ation is largely associated with increased environmental
variability. This contention is supported by the findings
(Mahadevan, 1956) which indicated that temperate cattle
raised in the tropics under the same conditions as the native
breeds had similar coefficients of variation for milk pro-
duction.

Mahadevan (1966) gave expected ranges of milk yield
of different tropical breeds according to their location.
The production in kgs ranked from highest to lowest was
Criollo in Latin America ranging from 1835 kg to 2752 kg,
cattle from India ranging from 1043 kg to 1668 kg, and
African indigenous types ranging from 626 kg to 1043 kg.

Because of the problem of low producing animals, a
lot of research in the tropics in the last several years

was geared toward crossbreeding with temperate breeds. The



main strategy has been either to upgrade the Zebu breeds or
to develop a new breed that is better adapted to the tropi-
cal environments with some potential for higher milk yield.

Various reports on the performance of different
breeds in the tropics are available, in particular India,
where crossbreeding of the native Zebu breeds to the tem-
perate breeds has been going on since the turn of the
century. The evidence seems to support the arguments that
crossbreds in general are more adaptable than temperate
breeds.

Kartha (1934) compared crosses of Ayrshire and
Holstein sires with Sahiwals. The results indicated super-
iority of 60-70% for the production of crosses over that of
the purebred Sahiwals. As cited by Mahadevan (1966), Lecky
(1951) examined the data compiled by Kartha and, after
adjusting for the location effect, indicated that 5/8-
Holstein excelled other crosses. Of the three Zebu breeds
considered (Hariana, Sahiwal, and Red Sindhi), the Hariana
breed was relatively inferior to the Sahiwal and Red Sindhi
breeds for milk yield.

Stonaker et al. (1953) reported on the crossbreeding
in India of Red Sindhi cows to either Jersey or Brown Swiss
bulls, and concluded half-breds were the most effective
producers. Backcrossing to either breed reduced production.
Cows with varying proportion of Jersey inheritance exceeded
the production of Red Sindhi, but production decreased as

relationship to either Jersey or Red Sindhi deviated from



50%. Also, results by Amble and Jain (1967), and Bhatnager
et al. (1970, 1971) indicated that 1/2-Zebu (Sahiwal/Red
Sindhi) crosses with temperate breeds (Fl) exceeded all
other breed groups in production. However, contrary results
were reported by Verma (1973). Using crossbred grades of
Holstein and Sahiwal, he found both first and second lacta-
tion milk yields were significantly greater in 5/8- and
3/4-Holstein than in 1/2-, 1/4-, and 1/8-Holstein, suggesting
the 5/8- and 3/4- Holstein were the best producers.

An interesting study involving some economic evalua-
tion of different breed groups were reported by Pandey and
Desai (1973). They evaluated the suitability of crossbred
cows for economic level of milk production in India. Milk
yield of 2,000 kg per lactation were taken as the minimum
economic yield for urban areas in India. Of 67 Holstein x
Sahiwal/and Red Sindhi cows (with at least 50% Holstein
blood) 55 of 67 reached that level, compared with 9 of 38
half-bred Jersey x Red Sindhi and 2 of the 54 Red Sindhi
cows. The 5/8-Holstein-3/8 Sahiwal/Red Sindhi were the
best yielders, with 41 of 44 cows reaching the economic
level.

For rural areas, 1,100 kg milk per lactation was
taken as the minimum economic yield under a Jersey cross-
breeding scheme. This yield was reached by 79 of 97 half-
bred Jersey x Desi, 10 of 18 3/4-Jersey-1/4-Desi, but less

than 1% of the Desi cows.



A very promising "break through" in the development
of a new breed in Australia for the tropics has been reported
by Hayman (1974). The main goal of the project was to improve

performance in Bos indicus through crossbreeding combined

with selection among the filial generations to establish a
new breed which would combine the hardness and resistance to

parasites of Bos indicus with the higher milk potential of

Bos taurus. Two breeds, Red Sindhi and Sahiwal were used

as Bos indicus parental material. Jerseys were chosen as

the Bos taurus parent. Selection among the filial genera-
tions was strictly on the basis of milk production, toler-
ance to hot climate stress and resistance to ticks. The
eventual breed obtained through the crossing and selection
is known as the Australian Milking Zebu (AMZ). Table 1
shows the production of AMZ compared to Jersey, the Bos
taurus (Jersey) production being equalled by that of the
new breed (AMZ). Thus, there are high hopes in this new
breed as an eventual tropical breed capable of withstanding
the harsh environment and with a good potential for rela-
tively high milk production.

Contrary to the results from the tropics, cross-
breeding results in United States generally seem to favor
the straightbred Bos taurus over the crossbreds for milk
production. A series of projects were set up in several
southern states to identify the breeds adapting best to the
stress environments typical of southern summers. The pro-

jects (McDowell, 1959; Johnston et al., 1960; Branton et al.,
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Table l.--Means and standard errors for first lactation
records of Jersey and Australian Milking Zebu

(AMZ) heifers.

Number of Milk Yield
Description Animals (kg)

Age at
Calving (Months)

All Jerseys used
in Badgery's
Creek Herd 212 1944 + 82

Jerseys, born in

Lismore, reared

and milked at

Badgery's Creek 31 1805 + 189

AMZ born, reared
and milked at
Badgery's Creek 35 1917 % 209

AMZ born at

Lismore, reared

and milked at

Badgery's Creek 19 2056 + 103

28

28

34

27

-+

.66

I+

.39

Adapted from Hayman (1974).
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1966) dealt with crossing Red Sindhi (imported from India),
with Jerseys, Brown Swiss, and Holsteins. The ultimate goal
was to develop a breed or strain that exhibited an optimum
combination of productivity and adaptability. In all cases
the average milk and butterfat yields for the crossbreds
were less than those of their European ancestry, so this
approach was abandoned for the United States.

Hollon et al. (1969) compared Holsteins, Brown Swiss,
Jerseys, Red Sindhi and their crosses for first lactation
milk production traits. The means of the purebred Holsteins
were equal or superior to all crossbred groups for milk, fat
and fat-corrected milk (FCM).

McDowell and McDaniel (1968) obtained all possible
combinations of two- or three-breed crosses of the Ayrshire
(A), Brown Swiss (S) and Holstein (H) breeds. Data obtained
from the crossbreds were compared to parental means. Cross-
breds with 50% or higher Holstein inheritance produced more
milk and milk fat than other crossbreds. Ayrshire, Brown
Swiss and A x S crosses were significantly lower than pure-
bred Holstein in production traits. However, A x H, S x H
and 3-breed crosses were slightly lower than the Holsteins
in milk and FCM yield but generally showed superiority in
fat yield.

Results from 20 years of an experiment at Illinois
involving Holsteins, Guernseys and their crosses, have indi-
cated higher milk and milk fat yields for crossbreds than
for Guernseys (Bereskin & Touchberry, 1966; Touchberry,

1970).
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The most recent report on crossbreeding in United
States is by Rincon (1975) involving Ayrshires (A), Jerseys
(J), Brown Swiss (S), Holstein (H) and their crosses. His
results indicated the following:

a. Milk yield of crosses increased but fat content
declined as the fraction of Holstein inheritance
increased.

b. None of the breed groups exceeded the Holsteins
for milk or FCM yields.

c. There were breed differences in general combining
ability for milk yield, with additive effects of
Holsteins greater than those of Ayrshires or Brown
Swiss.

d. Differences in maternal ability among Holsteins,
Ayrshires, and Brown Swiss were important for milk

yield.

Season Differences

Season exerts its influence on production in two
main ways. Changes in temperature and humidity act directly
on the homeostatic mechanism of the animal and bring about
adjustments in behavior which as a consequence affect pro-
duction. The second important influence of season is
directly on forage quality and quantity (McDowell, 1972).

Several reports are available on seasonal effects
on milk production traits for various breeds commonly used

in the United States for milk production.
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Frick et al. (1947) looked at relationship of
season of freshening to milk production for Guernseys,
Holsteins, Ayrshires and Jerseys. Milk yields were 14.9%
greater for cows freshening in the most favorable months.
Average yields were highest for cows calving in July.
Yields increased from one month to the next, from February
to July.

Woodward (1945) studied lactation records according
to month of calving. Cows that calved in April reached a
higher peak of production than any other group. Cows that
calved in August had a lower peak of production than any
other group. For all of the states from which records were
obtained, May was the most favorable month for total pro-
duction. Cows calving in hot seasons produced less milk
than those calving in cool seasons.

Fosgate and Welch (1960) studied effects of season
of calving and breed upon production of fat-corrected milk
(FCM) and butterfat (BF). Regressions due to season of

calving for FCM and BF were as follows:

FCM BF

a. Fall -297.01 -10.98
b. Winter 249.53 7.74
c. Spring 522,55 19.32

d. Summer -468.07 -16.07
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Differences in production between Holsteins, and
Jerseys and Guernseys were highly significant.

Lee et al. (1961) studied breed and seasonal effects
upon milk and fat production. Cows calving in winter and
spring months produced significantly more FCM and fat than
did cows calving in summer months. Lactation yields de-
creased in the following order: winter, spring, fall and
summer.

Miller et al. (1970) studied the influence of month
and age of calving on milk yield of Holstein cows in the
Northern United States. The results revealed that month,
age and month by age interaction were significant for milk
yield. They concluded that all records should be adjusted
for both season and age of calving by multiplicative factors
which simultaneously adjusted records to the expected yield.
A similar study was reported by Mao et al. (1974) working
with Canadian dairy production records. The results indi-
cated summer calvers produced less than winter calvers for
all the age sets. Older cows were more affected by summer
calving and the magnitude of differences between November
and July, the respective months of highest and lowest yield,
were positively correlated with ages. Age, month, and age
by month interaction effects were highly significant; thus,
it was concluded that a joint adjustment for age and seasonal
variation was necessary.

Overall, the results in the temperate region on

seasonal and breed effects seem to indicate cows calving
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in summer are greatly affected by the stress of hot summer
conditions. Holsteins are more stressed by hot summer con-
ditions than are Jerseys, Brown Swiss, Guernseys and Ayr-
shires. Winter seems to be the ideal season for highest
production, followed by spring, fall and summer, respectively.
The differential responses to different seasonal conditions
are suggestive of interaction of breeds and seasons.

Most of the evidence in the tropics also seems to
suggest significant seasonal effect on the lactation yield.
Kohli and Suri (1960) observed some seasonal trend for the
Hariana cattle, with the lowest average production for cows
calving from August to November. Pearson et al. (1968)
observed seasonal differences in lactation yields for Bon
cattle in Columbia. Cows that started lactation during
period of heaviest rains, in October and November, gave
lower total yields for the lactation. Ngere et al. (1973),
and Moulick et al. (1972) also reported significant seasonal
effects on milk yield, respectively, for Hariana cattle and
Deshi cattle of India.

A comprehensive preliminary report by Sundaresan
et al. (1965) on the dairy herds at the NDRI, Karnal, India
indicated the same trend of significant seasonal effects for
the Tharpakar, Sahiwal and Red Sindhi breed groups. Milk
production dropped in the months of July to September each
year. There was a trend of high production in cows which
calved during the months of January to June. Also, the

results indicated strong evidence that differences between



16

five-year periods were important, suggesting that over 1long
periods sizable environmental and/or genetic changes had
taken place.

Studies in the tropics using temperate breeds
have also shown significant season effects on milk yield
(Camoens et al., 1976; Lindstrom & Solbu, 1977; McDowell
et al., 1976).

Contrary (nonsignificant) results of effects of
season have been reported. Sharma and Singh (1974) indi-
cated nonsignificant effect of month of lactation on lacta-
tion yield. Similarly, Alim (1962), working with Butana
cattle in Sudan, found no real differences in milk yield

due to month of calving.

Year or Time Differences

Year effect on milk production is well established.
Generally, as a nuisance factor, it has been taken into
account in nearly all recent analyses with dairy records.
It tends to affect production in several ways:

a. Changes in yearly temperatures, and precipitation.

The effect of this variation is felt chiefly in

areas largely dependent on forage and crop pro-

duction. Animal production would tend to vary with
variation in availability and quality of forage and
crop production.

b. Changes in management practiced and/or feeding

regimes.
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c. Selection. The use of superior stock resulting
from either selection from the female side or from
the male side could result in increased production.
The above changes, if they occur, are usually
reflected in differences between years.
Hardie et al. (1972) found significant differences
between years for milk, fat and fat percent. Lee (1974)
fitted linear, quadratic, and cubic curves for years with
respect to milk production, and found different curves for
different years. Other workers have reported similar
trends (Sundaresan et al., 1965; Camoens et al., 1976).
However, Hooven et al. (1968) found no significant variation
between years for milk yield, fat yield, or fat percent, and
Gacula et al. (1968) could show no annual differences for fat
test.

Calving Interval, Days Open, Days Dry
and Lactation Length

Studies of the influence of calving interval on
milk production have involved the relation of the entire
period to lactation yield in current or subsequent lacta-
tions. Through the efforts of trying to obtain optimum
calving interval, Sanders (1927) concluded that it should
not be less than 12 months. He recommended as a general
principle that cows should calve at intervals of not less

\ than a year, and not more than 13 months.
Norman (1967) found calving interval was an impor-

tant source of variation in milk yield. In the same study
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the author indicated that previous calving accounted for
1.9-3.7% of the variation in the succeeding lactation yield.

Miller et al. (1967) showed a phenotypic correlation
of approximately .2 between calving interval and milk pro-
duction, but stated that it would not be advantageous to
select for calving interval.

Camoens et al. (1976), reporting on performance of
Holsteins in Puerto Rico, indicated substantial effect of
calving interval on milk yield. Calving interval accounted
for 6.0% of the milk yield out of the 13.4% variation that
was accounted for by a combined effects of days open, days
dry and calving interval.

On the contrary, Asker et al. (1966) found calving
interval not correlated with milk yield, Kohli (1962),
working with Hariana data, also did not find any significant
relationship between calving interval and milk yield.

Most of the studies using components of calving
interval have looked at days dry or days open in relation
to milk yield.

Sanders (1928) studied effect of dry period on high
and low milk producers. He concluded that the high yielders
maintained their milk flow longer, and, as a natural corollary
that they were dry a shorter time as reflected in the differ-
ences in the mean days dry for both the high and low yielders.
Dickerson and Chapman (1939) compared production records of
lactations following dry periods of different lengths with

those of the first lactation and found that low producing
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cows showed a higher percentage increase through lengthening
the dry period than did high producing cows.

Klein (1943) compared cows having lactation records
following dry periods of different lengths. Cows dry 1-2
months gave 9.2% more milk than those dry less than a month.
Cows dry 2-3 months gave 4.3% more milk than those dry 1-2
months. A dry period qélss dé;§7was found to be of optimal
length for cows yieldingwiaraao pounds and calving at 12-
months interval. He suggested ". . . either a longer or a
shorter dry period reduces the milk yield, the longer
because more milk would be gained in the following lactation,
the shorter because more milk would be lost in the following
lactation than would be gained in the current lactation."”

Johansson and Rendel (1968), working with Swedish
dairy breeds, found optimum dry period was 6-7 weeks, which
suggested a curvilinear relationship between length of dry
period and production in the following lactation.

Smith (1962) indicated that the length of the dry
period depends on the length of the calving interval and the
length of the preceeding lactation. The length of the
previous dry period accounted for less than 0.1% of the
variation in milk production. Smith and Legates (1962)
reported that .3% of the variation in lactation milk yield
could be attributed to the length of the previous dry period.

Schaeffer and Henderson (1972) concluded that high
producing cows received shorter dry periods than low pro-

ducing cows and that cows which survive for another
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lactation are those with longer dry periods. Dry periods

of 50 to 59 days resulted in the highest average production
in the subsequent lactation. However, the production of
cows with 40 to 49 and 60 to 69 days dry were not greatly
different on a practical basis. Schaeffer et al. (1973)
found that a dry period of 30 to 60 days seems attainable by
proper management and is the optimum from an economical
point of view.

Reports from the tropics suggest findings similar
to the temperate results (Mahadevan, 1966). The difference
is in length of dry period which is longer in the tropics
than in the temperate region. Sikka (1931) reported dry
period of 120 days and a mean calving interval of 404 days.
The dry period represents about 30% of the period between
two consecutive calvings. That is very high compared with
temperate countries where the dry period is generally one
half as long.

A recent study on effect of dry period on milk yield
of crossbreds in India was reported by Gurnani and Bhatnagar
(1974). Optimum dry period for maximum yield was estimated
to be in the range of 40-80 days using Fl Brown Swiss X Zebu
(Sahiwal and Red Sindhi). Only correlation between first
dry period and second lactation was positive and signifi-
cant. Cows having dry periods shorter than optimum tended
to have positive relationship of dry period with production

in the subsequent lactation. Cows having dry period longer
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than optimum tended to have negative association of length
with subsequent production.

More results indicating positive correlations between
length of dry period and subsequent yield have been reported
by Ragab et al. (1954), Jha and Biswas (1964), and Nagpaul
and Bhatnagar (1972). On the other hand, nonsignificant
correlations were obtained by Plum (1935), Amble et al.
(1958) , Asker et al. (1958).

Days open is a term for the interval between par-
turition and conception. Its importance on milk yield has
been reported by Wilton et al. (1967), Smith and Legates
(1962) , Ripley et al. (1970). They found milk yield is
influenced by days open during the current lactation.

Schaeffer and Henderson (1972) stated that as days
open increased, cumulative milk production also increased
at each successive stage of lactation. Miller and Hoven
(1969) reported that 2% of the variation in milk yield
could be attributed to days open. Ripley et al. (1970)
found that days open accounted for 4.8% to 5.8% of the
variation in milk yield in the first or second lactations.

Lactation length has important influence on total
milk yield. Temperate breeds of cattle show comparatively
little variation in lactation length (Mahadevan, 1966).
About 5% of all lactations end before 200 days. The number
of lactations ending before 300 days is also relatively
small, with the result that lactation length shows little

relation to actual yield. The main factor governing the
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lactation yield of dairy cattle in these areas is the maximum
daily yields. By contrast, among unimproved Zebu breeds as
many as 25% of the lactations may end before 200 days, and
even among improved Zebu 60% of the lactations have sometimes
been recorded as ending before 300 days. Consequently, it
is not surprising to note that lactation yield of cows in
the tropics is highly correlated with the length of lacta-
tion. Sikka (1931), Robertson (1950), Mahadeva (1953, 1955),
Asker et al. (1958), Alim (1960), Mahadevan and Marples
(1961), Galukande et al. (1962), and Singh and Deasi (1962)
obtained correlations ranging from .04 to .9 in different
populations of indigenous cattle in various tropical areas.
Because of the large variation and short lengths of
lactations associated with Bos indicus breeds, caution should
be exercised in choosing truncation point for discarding
records as "abnormal" records on the basis of length of
lactations. Selected truncation points have ranged from
less than 100 days (Mahadevan, 1966) to 280 days (Lecky,
1962) , depending upon the investigator. Deletion of the
short records on an arbitrary basis has meant loss up to
50% of all records in some studies (Ngere et al., 1973).
If the cause of short records is genetic, arbitrary deletion

may have led to biases in the interpretation of data.

Age of Calving and Lactation Number

Of all the measureable non-genetic factors affecting

the dairy cattle production, one that has been studied
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extensively is age at calving. Miller and Hooven (1969),
stressing the importance af age, pointed out that age and
year were more closely related to variation in milk yield
than any other environmental factors.

Lush and Shrode (1950) reported that milk yield per
lactation increased from first lactation until the cow was
about ten years of age and then declined. White and
Drakely (1927), using different breeds, studied the influ-
ence of age of the cow on yield and quality of the milk.
Yield of milk of all the breeds increased rapidly with age,
reached a maximum and then gradually declined. The age at
which maximum production was reached differed slightly among
breeds. Shorthorns attained maximum yield rather later than
Jersey and Guernsey cows and their yields showed a greater
variation with age. Wunder and McGilliard (1971) showed
that three-year-olds produced more than two-year-olds, age
being a more important source of variation than season.

Most other studies have shown the same trend of results
(Blanchard et al., 1966; Branton et al., 1974; Fimland et
al., 1972; Johansson & Hansson, 1940).

Realizing that age at calving was an important factor
affecting milk yield, many investigators directed research
toward obtaining factors to adjust yields for age. The
chief problem in this area was to obtain factors free from
biases caused by year, season, selection, etc.

Gowen (1920) used curvilinear equations relating

milk yield to age and arrived at factors designed to correct
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for differences in ages of cows. These figures were deemed
suitable at the time in a population subjected to compara-
tively little selection. To avoid selection bias, Sanders
(1928) devised the "paired comparison” method. However,
confounding of herd, season of calving, and times milked
with the producing ability of cows remained a problem with
the factors he developed.

Sanders (1928), Norton (1932), and Johansson and
Hansson (1940) indicated that estimates of production using
the simple averages for all cows of each age, and the
regression techniques for age adjustments contained bias
because of effects of selection, or culling in different age
groups of cows. In addition, Johansson and Hansson (1940)
mentioned calving interval as a further confounding factor.

Henderson (1949), in considering differences in herd
environment, pointed out the possible biases in least squares
estimates resulting from incomplete repeatability. He applied
maximum likelihood methods for estimating age correction
factors. Lush and Shrode (1950) followed by showing that
biases could result from selection when all animals did not
have records at maturity, or from differences of estimates
over periods or incomplete repeatability. They studied gross
comparison and paired comparison for estimating the effects
of age on milk production. The gross comparison method uses
the simple average for all cows of each age and the paired
comparison method compares production of the same cow at

different ages. They found age-adjustment factors from
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paired comparison method were greater than those obtained
from the gross comparison method. Kendrick (1953) developed
gross comparison age-adjustment factors from DHIA data which
were used extensively in the United States for a few years.

Subsequent research in this area was directed to
finding unbiased methodology for adjusting the lactation
records for age at calving. In 1967 USDA published age-
adjustment factors computed by the gross comparison method,
which combined the months November through June into season
I and July through October into Season II (McDaniel et al.,
1967). Miller and Henderson (1968) computed age-adjustment
factors by maximum likelihood, gross, and paired comparison
using the two USDA seasons. They found seasonal difference
was large for gross factors but was small for paired com-
parison and maximum likelihood factors. They suggested
that season effects were obscured by inappropriate grouping
of months into seasons. Several other studies on the impor-
tance of herd-level production and herd by age interaction
in developing age factors have been reported (Searle &
Henderson, 1959, 1969; Searle, 1962; Hickman, 1962; Lee &
Hickman, 1967). Also, the importance of seasonal differences
of calving were reported by Syrstad (1965), Gravir and
Hickman (1966), McDaniel and Corley (1966), Wunder and
McGilliard (1967), Miller et al. (1970), and Mao et al.
(1974).

Miller et al. (1970) reported the importance of

month-age-adjustment factors obtained by the maximum
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likelihood method with elimination of biases due to environ-
mental trend, herd differences and selection. They recom-
mended replacing the seasonal mature equivalent factors with
factors which adjust simultaneously for age and month of
calving. In the same study the authors developed multiplica-
tive factors for the Holstein breed which simultaneously
adjusted for month and age of calving. Similarly, Mao

et al. (1974), using the same maximum likelihood technique,
recommended age-month factors within breeds for Canada.

An excellent review on the development of ideas
about age-season adjustment of records is presented by
Freeman (1973). To mention a few, Miller et al. (1966),
McDaniel et al. (1967), Miller et al. (1968), Miller and
Henderson (1968), Miller et al. (1970), and Mao et al.

(1974) among others have contributed to the development of
the age-adjustment factors now in use nationally in the
United States and in Canada.

The trend of milk yield with age for Zebu cattle in
the tropics is illustrated by the statements by Mahadevan
(1966) that

The yield of milk with age shows some striking peculi-
arities in the tropical cattle. Whereas European cattle
in temperate regions usually attain peak production by
about the fifth lactation, the time of maximum pro-
ductivity of Zebu cattle in the tropics is usually
reached by the third lactation. The rate of increase

in yield from first lactation to maturity is also
usually lower in tropical cattle than in temperate

ones.

However, such statements are only true if the number of

calvings before maximum lactation yield is used as a measure
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of maturity. If age at peak production is used as a measure
of maturity, then the average age for peak production would
be between 6-8 years for temperate zone cattle (Gowen, 1920).
This is usually the fifth lactation for the temperate breeds.
Because of the late age at first calving and the long
calving intervals (Table 2), the average age for the third
lactation, the peak lactation for tropical Zebu is between
6-9 years. Therefore, if maturity is defined as age at
maximum production both temperate and tropical breeds mature
at about the same age.

Sikka (1931) reported that purebred Sahiwals in
India increased to the extent of only about 10% of their
first lactation yield until the age of maximum productivity.
Mahadevan (1953, 1955) gave values of 15% and 6%, respectively,
for the increase in yield from first lactation to maturity.
Galukande et al. (1962), working with East African cattle,
obtained a corresponding figure of 8%. Chhabra et al.
(1970) , working with Hariana cattle, reported maximum pro-
duction was attained by third lactation with an increase of
25% from first lactation. Age expressed as lactation number
was twice as important in accounting for the variation in
milk yield as age expressed in years.

Kushwaha and Misra (1962) studied records of 245
Sahiwal cows. Cows calving at 42-48 months of age produced
highest quantity of milk during first lactation. Highest
milk yield of that age group was significantly different

from the yield of cows calving below 36 months of age. The
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results are in accord with reports by Singh and Chondhury
(1961) , as well as Batra and Deasi (1964), who reported that
Sahiwal cows calving late produced more milk than those
calving at an early age.

Nagpaul and Bhatnagar (1971) analyzed 1860 lacta-
tion records of 596 Tharpakar cows. Heifers calving first
at 25-30 months produced more milk on average than those
calving at other ages.

Even though researchers realized age is important
in tropical breeds, there has been no intensive research
directed toward the development of age factors for those
breeds. Controversy on the usefulness of age factors,
coupled with the meager data found in the tropics may have
hindered any intensive study of the problem. Some researchers
believed that due to the small variation in milk attributable
to age as opposed to other environmental sources, there is
no need for age adjustments in the tropics (Robertson, 1950).
However, if the age effect is statistically significant and
assumed non-genetic then it should be adjusted for to avoid
bias in comparing records. On the other hand, the researchers
opposed to the above argument have tried to develop some age
correction factors (Ngere et al., 1973), but use is limited
because the factors are based on meager data and their
reliability is questionable.

Another controversial issue pertaining to tropical
results is in certain analyses age has been replaced by

lactation number (Chhabra, 1970) as if both of them imply
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the same "factor." However, age and lactation number would
only be completely confounded in those breeds where calving
interval is maintained at 12 months with lactation length
of 305 days. With the high variation in age at calving in
Zebu breeds and the large calving interval (Table 2), }acta-
tion number and age cannot be completely confounded. Thus,
in tropical breeds to use age and lactation number inter-
changeably is not proper.

To give a general perspective of performance of
different breeds under different environments, a summary of
the performances of various breed groups and their crosses

in various countries is given in Table 2.

Heritability and Repeatability

Heritability is defined as the proportion of the
total variance in a character that is attributable to the
average or additive effects of genes. This is referred to
as "heritability in the narrow sense" by Lush (1940).
Whereas he defined "heritability in the broad sense" as the
variation due to genetic causes as a fraction of the total
variance. Thus "heritability in the broad sense," in
addition to containing variance due to additive effects,
contains variance due to dominance and epistatic effects.
In literature, "heritability"in almost all cases refers to
"heritability in the narrow sense."

Heritability estimates for various traits are plenty

in the literature. Although there are several methods of
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estimating heritability essentially all of them are based
on computing the degree of resemblance between related
individuals in a random-bred population. In Table 3 are
listed estimates from literature for milk yield, calving
interval and lactation length. Obviously, estimates for
any given trait vary greatly, depending on the population
sampled and estimation procedure as well as sampling vari-
ation. McDowell (1972), and Pirchner (1964), respectively,
quote ranges of .20 to .30, and .20 to .40 for milk yield.

Hillers and Everson (1972) showed that even with
the same data the number of subclasses and the skewness of
distribution of frequencies affect heritability estimates.
Markos and Touchberry (1970) showed heritability estimates
may vary with respect to sample sizes. Norman et al. (1972)
discussed the biases in estimates and stated that for milk
yield these arise because of confounding between sires and
herds and because of the correlation between herd effects.
They stated that the biases could be avoided by stratifying
production into levels. They showed that estimates obtained
from deviations increased with increasing herdmate yields
from .27 to .48. Butcher and Freeman (1969) commented that
environmental variance could increase in later lactations,
leading to lower estimates, but found that these differ-
ences were not significant.

Robertson (1977) warned about using a selected
population in estimating heritability from the sire com-

ponent with a strong statement ". . . I presume that no one
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would be stupid enough to do it between proven sires." He
showed formulae for adjusting heritability estimates of
direct and correlated traits for selection among sires.
The method of analysis could also affect the herit-
ability estimates. For instance, Butcher and Freeman (1969)
found estimates from daughter-dam regression were higher than
those from half-sib analysis. Similarly, Bradford and Van
Vleck (1964) reported higher heritability estimates from
daughter-dam regression than from paternal half-sib correla-
tion. An attempt to explain the differences between herit-
ability estimates from these two methods led to a series of
papers by Van Vleck and his co-workers. A summary of the
findings and the reasons given for the differences are:
1. Environmental correlations between daughter and dam
records account for .01 to .02 of the total variance
(Van Vleck, 1966).
2. The increase in variance with change in time and
production also could bias daughter-dam regression
upward by about 10% (Van Vleck, 1966).
3. Genetic maternal effects may bias estimates of
genetic variation among dams (Van Vleck & Bradford,
1966) .
4. Unequal numbers of observations per subclass could
give different heritability estimates for the two
methods (Van Vleck, 1966).
Analysis with one observation per subclass gave highest

heritability estimates from daughter-dam regression and the
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lowest from paternal half-sib correlation, while use of more
than one observation per subclass yielded approximately the
same heritability estimates from both methods.

Farthing and Steele (1967) gave an account of the
effects of using incorrect analysis (improper model) in the
estimation of heritability using the method of analysis of
variance components. Gill and Jensen (1968) calculated
the probability of getting negative estimates of heritability.
Their conclusions were:

a. For a given heritability and equal numbers of total
observations, the probability of obtaining a negative
estimate from the dam component (within sire) of an
analysis with two full-sibs per mating is much
greater than from the sire component of either full-
sib or half-sib analysis.

b. When one estimates heritability from a sire com-
ponent, the difference in probability of obtaining
a negative estimate from half-sib or full-sib
analysis is small if total numbers are equal, but
there appears to be some advantage in using more
information per sire instead of using more sires,
especially if the true heritability is moderately
low.

c. If true heritability is relatively low (0.1), to
have 95% chance of getting a non-negative estimates

from a sire component at least 800 observations are



36

needed (more if the information per sire is limited
to less than 30-40 progeny).

d. If heritability is moderate (.25), to have 99% chance
of getting a non-negative estimate from a sire com-
ponent at least 500 observations are needed-more
if the information per sire is limited to less
than 30-40 progeny.

e. Approximately four times as many observations are
needed for estimation by dam component (within sires
and with two full-sibs per mating) than by sire com-
ponent to achieve the same probability of obtaining
a non-negative estimate of heritability.

A lucid exposition of alternative methods of esti-
mating heritability is given by Turner and Young (1969).

As for heritability, estimates of repeatability
have been well-documented in literature. Again the nature
of the data and the methodology of arriving at the estimates
could introduce biases. A selected summary of reported
estimates of heritability and repeatability for milk yield,
calving interval and lactation length for various breeds is

shown in Table 3.
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MATERIALS AND METHODS

Source of Data

The data used in this study were obtained from the
National Diary Research Institute (NDRI), Karnal, India
through Cornell University. There were 9,666 unedited
records covering all calvings for the period 1928-1975. The
data consisted of one or more lactation records of cows
belonging to three Zebu breeds (Sahiwal, Red Sindhi, Thar-
pakar) commonly used for milk production in India plus their
various crosses with Brown Swiss. Table 4 lists the breed
groups and number of records for each breed group in the
unedited data.

Due to limited information, the history of manage-

ment and feeding practices is not discussed in great detail.

Foundation Herds

The herd of Tharpakar cattle was established in 1923
under the control of Indian Agricultural Research Institute.
About 150 animals were purchased from the open market between
1923 and 1931 as the foundation stock.

In the early 1950s two other herds, Sahiwal from the
Indian Agricultural Research Institute, New Delhi and Red

Sindhi from Jabalpur and Bangalore were added. The Sahiwal

40
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Table 4.--Frequencies of the various breed groups in the

unedited data.

Breed Group Name

Number of

Records
Unknown 2
Tharpakar (T) 4827
Sahiwal (S) 2613
Red Sindhi (RS) 1165
Brown Swiss (BS) 40
Three-Way Cross BS x (S x RS) 615
Inter Se Cross (BS x S x RS) x 164
(BS x S x RS)
F, (BS x S x RS) x (BS x S x RS) 9
Fl Crosses (Miscellaneous) 40
1/8 Brown Swiss Crosses 11
5/8 Brown Swiss Crosses 4
3/4 Brown Swiss Crosses 109
Crosses, unidentified 67
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herd traces back to about 1910. The original was established
in Pusa, Bihar, and later transferred to the Indian Agri-
culural Institute in New Delhi. 1In 1951, most of the Sahiwal
herd was transferred to Karnal, leaving behind in New Delhi,
a few high producing cows as a small unit attached to the
Agronomy Division. The Red Sindhi herd was established from
animals brought from the disbanded Central Government
Breeding Farm at Jabalpur and from the Southern Regional
Station of the National Dairy Research Institute. In 1955,
the National Dairy Research Institute was founded and its
officers took control of these herds. 1In addition, a cross-
breeding project was launched in 1963, using Brown Swiss
semen imported from the United States in Sahiwal and Red
Sindhi herds. The purpose was to develop a strain of cattle
with superior genetic productive and reproductive potential.
Although the crossbred offspring did show substantial in-
crease in production, farmers have not been satisfied with
the crossbred males as draft animals. With animals a major
source of power on Indian farms, this negative aspect has
presented a restraint against development of the cross-

breeding programs.

Feeding and Management

Prior to 1951 calves were raised on whole milk and
animals were fed individually. During the period 1951 to
1956 group feeding was used because of increased numbers of

animals without corresponding increase in accommodation.
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However, in 1956 major changes were made in housing, general
management and feeding practices.

The feeding and general management were the same for
all the pure Zebus. The crosses, however, were favorably
treated and were given more feed than their contemporary
purebreds. Green fodder of chopped whole material, pasture
and silage according to season formed the common means of
feeding roughage. Concentrate feeding was strictly on the
basis of produétion. Each purebred was fed 1.5 kg. of con-
centrate per milking or 3.0 to 4.5 kg. per day. Corn, oats
and sorghum formed the main source of silage, whereas Napier
grass was the common source of whole green chopped material.
The concentrate was 50-60% TDN, a mixture mainly of wheat
bran and cotton seedcake.

The purebreds were managed in facilities separate
from crosses. Milking was 3-times daily for all breed
groups. However, the Zebus were milked by hand, whereas the
crosses were milked by machine. Limited culling was done in
all breed groups, either on the basis of low production or
poor health.

Sires used for breeding the purebreds were selected
largely on a high record of the dam without any due con-
sideration to her age or her superiority over relatives and
herdmates. Semen from Brown Swiss sires used in the cross-

breeding scheme was imported from the United States.
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Screening of the Data

The most fundamental of the many problems associated
with records from the tropics has been the relatively few
numbers of records coupled with many inaccurate recordings
as compared to the larger volume of records from temperate
countries. The twin problems have led to use of few records
in statistical analyses, sometimes leading to estimates with
less than desirable reliability.

The data used in this study was no exception to the
perennial problems. The records were scrutinized carefully
to save the maximum number of "normal" records. In this
study a "normal" record was defined as a complete record of
305 or more days, or one which had been terminated earlier
because daily production was low, without recording any major
influence of disease or physical injury.

The principal criterion for editing the data was to
exclude those observations exhibiting evidence of inaccurate
recordings. Initially, the records were screened for dupli-
cations or incorrect recordings in calving month, calving
year, birth year, birth month, lactation number, etc.
Several records were definitely wrong and those which could
not be corrected were deleted.

The next major screening was on the basis of "cause
of termination" (Table 5).

Due to lack of information on the date of death and
the small number of records for cows that died during lacta-

tion, had mastitis or physical injury or that aborted,
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Table 5.--Distribution of records by cause of termination
after eliminating incorrect records.

Number of Records Cause of Termination
549 None Recorded
7,622 Dry Normal

0 Dry, Mastitis
0 Dry, Physical Injury
5 Dry, Low Production

481 Dry < 100 days

429 Sold during Lactation
0 Died during Lactation
0 Abortion > 152 Days Pregnant

it was not possible to compute factors to extend records to
305 days. Therefore, such records were excluded in further
evaluation of the data.

Cows sold during lactation and those with no recorded
cause of termination were not deleted. It was assumed these
cows were removed from the herd because of low production.
Where these records had no indication of a severe environ-
mental disturbance, they were considered "normal."

The lactation records identified as terminated by
"dry, low production," and "dry < 100 days" represent cows
that completed their lactation without showing any identi-
fiable disturbance during the lactation. These too were

included in further analyses.
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After screening the initial 9,666 records, about
9,086 records were found useable. However, as will be shown
later, not all 9,086 records were used in each analysis.
Depending on the type of statistical model, further

screening was done.

Methods of Analysis

All lactation records of 305 days or less were
included in all analyses. For the records longer than 305
days, only milk yield for the first 305 days was used.

It was not possible to examine simultaneously all
variables likely to influence milk yield because the
equations for estimation involved a matrix too large to
invert. Step by step considerations of different variables
in different models, with the help of absorption procedure,
made it possible to examine the importance of each variable.
Model manipulations were done according to the variables
found to be important for milk yield at each step. If a
factor was found not to be important in one model, it was
deleted in subsequent models. In the last step a "final
complete" model computationally easy to handle was used to
examine the effects that were important at different steps
in greater details. Statistical Analysis System (SAS) by
Barr et al. (1979) was used to obtain results for linear

models in following sections:
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Effects of Lactation Length and
Calving Interval on Milk Yield

There are three specific goals in this section:

1. The overall contribution of calving interval and
lactation length as covariates in explaining vari-
ation in milk yield.

2. The relative importance of each covariate in ex-
plaining the variation in milk yield.

3. The homogeneity of the regression coefficients across
breed groups for each of the covariate terms.

A priori postulation of the sources of variation
affecting milk yield considered seven sources to be potenti-
ally important. These were year of calving (Y), breed
groups (B), month of calving (M), lactation number (L), age
at calving (A), length of lactation (DIM), and calving
interval (CI).

The year effects were grouped into four year-classes
of records of cows that calved in 1930-1950, 1951-1960, 1961-
1970, and 1971-1975. The basis of grouping years into
classes was arbitrary. The only criterion considered was
approximate equalization of numbers of records in each
class. Table 6 shows the frequencies and the mean milk
yield of records in each year-class.

Age at calving involves six age classes of records
of cows calving at ages less than 31 months, 31-60 months,

61-90 months, 91-120 months, 121-150 months, and greater
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than 150 months. Table 6 shows the number of records and
mean milk yield in each age-class.

Six breed groups were well-identified and had a
reasonable number of records. Twelve calving months and
nine lactations were available. Because of the few records
in the later lactations, all lactations greater than or
equal to nine were combined to form the "ninth" lactation.
Again the number of records and the mean milk yield for each
factor are shown in Table 6.

Tabulations of age-classes by lactation (Table 7)
indicated some overlap of ages between sequential lactations,
making it appropriate to use age within lactation.

(i) The overall contribution of calving interval and lacta-
tion length in explaining variation in milk yield.

The following statistical model was used.

=u+Bi+Yj+M +L1+A + BY.. + BM, +

Xi3k1mn k 1m ij ik

BL., + BA. + YM., + Yle + YA, + ML +

il ilm jk j1lm kl

MA + b,CI. + b CI2 + b,DIM,

klm 1""ijklmn 2 ijklmn 3 ijklmn

DIMzi. + b.CIDIM +

+b jklmn T Ps jklmn ¥ ©ijk1lmn

4

Where:

th

xijklmn = nth production record in the mth age-class in the
1

lactation in the kth month in the jth year of
the ith preed group.

the population constant common to all records;
th

u

B, = the effect of i breed group; i = 1...6;

Y. = the effect of the jth

year of calving; j =
Io1.4;
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the effect of the kP month of calving; k =

1...12;

the effect of lth lactation number; 1 = 1...9;
th . . th

the effect of m age at calving in 1 lacta-

tion; m = 1...6;

the interaction effect between the ith breek

group and jth year;

the interaction effect between ith breed

group and kth month;

the interaction effect between ith breed

group and 1th lactation;

the interaction effect between ith breed

group and mth age in 1th lactation;

the interaction effect between jth year and

kth month;

the interaction effect between jth year and

1th 1actation;

the interaction effect between jth year and

mth age in 1th lactation;

the interaction effect between kth month and
1th jactation;

the interaction effect between kth month and
mth age in 1th jactation;

Calving Interval;
Calving Interval squared;

Days in Milk (lactation length);

Days in Milk squared (lactation length squared);

Cross-product of calving interval and lacta-
tion length;

the regression coefficients of Xj4iklmn on CI,
C12, DIM, DIM2, and CIDIM, respectively;

residual error associated with Xijklmn'
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All effects were assumed to be fixed except the
residual error which was assumed to be normally distributed
with a mean of zero and homogeneous variance.

Three-way and higher-order interactions were assumed
to be trivial.

There were many records without information on
calving interval, reducing the data from 9,086 to 7,099
records (lossing 21% of the data).

Because the classification effects were not of
interest, they were absorbed into equations for the effects
of calving interval and lactation length with linear,
quadratic and cross-product terms. By using the absorption
option in the General Linear Models (GLM) procedure (Barr
et al., 1979), the results pertaining to the covariates
should be free from effects of the classification factors
and their interactions. The squared multiple correlation
(Rz) was used as indicator of the variation in milk explained
by the covariates and all fixed effects.

(ii) Relative importance of each covariate in explaining
variation in milk vyield.

Starting with Model la, the covariates were dropped
singly and in pairs from the model to determine their rela-
tive importance. Differences in squared coefficients of
multiple correlation (Rz) were used as indicators of the
combination of each covariate to explanation of variation

of milk yield.
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(iii) Homogeneity of regression coefficients across breed
groups for each covariate term,

The intriguing question here was to find out whether
the adjustments for covariates should be made within or
across breed groups. A comparison of two models was
necessary: one that assumed homogeneous regression across
the breed groups versus one that assumed different regres-
sions for each breed group:

1. Model 1la:
The statistical model assuming homogeneous regressions
across breed groups as discussed previously.

2. Model 1b:

The statistical model assuming different regressions

for each breed group was:

=u+Bi+Yj+Mk+L1+A +BY..+BMi

1m ij +

X{ ik 1mn K

BLil + BAi + YM., + YL.

1m k + YA. + ML

jl jlm
2
kim ¥ 13T 4kimn * P2iCT i5kimn t Pai

2
iDIM

k1 ¥

MA

DIM; jkimn * P4 ijklmn ¥ BsiCIDIM;jpqpn *

€ijk1lmn

All effects and assumptions of the model are as explained in

Model la except b,., b,., b b4i' and b5i for each of the

1li 2i 3i’
covariates were within breed group instead of across breed

groups. In other words, the assumption is that regressions

are not homogeneous across all breed groups.
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The test of homogeneity of regression hinged on the
significance test of difference in regression sums of squares
between the two models (Searle, 1971).

Preliminary Examination of Fixed Effects of Breed

Year, Season, Lactation, Age Within Lactation
and Their Two-Way Interactions

The main interest in this part of analysis was to
test the significance of the fixed effects and their two-
way interactions. Any effects found nonsignificant (P > .10)
were deleted in subsequent analyses.

The statistical model used was:

Model 2:
Xijklmn = ® * B * ¥y ¥ S + Ly + Aj + BY; + BS;, +
BLil + BAilm + YSjk + Yle + YAjlm + SLkl +
2 _
SArim * P3P mn  PaPIM Y skimn * €i5k1mn
where:
Sk = the effect of kth season; k = 1...2;
BSik = the interaction effect between ith breed and kth
season;
_ . . .th th
YS.k = the interaction effect between j year and k
J season;
_ . . th th
SLkl = the interaction effect between k season and 1
lactation;

SAklm = the interaction effect between kth season and m

age within 1th lactation.

th

The remaining effects and the assumptions of the model
are as explained in Model 1la.

There were two changes made from Model la to Model 2:
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a. Calving interval was excluded.
b. Calving month effect was replaced by season.

Because of the size of matrix to invert in obtaining
fixed effects, it was deemed necessary to group calving
months into seasons. Two criteria were considered in
grouping the months into seasons. The first criterion was
magnitude of unadjusted means for months (Table 8). The
means seemed to form two possible distinct groups; one group
consisting of the month of August and September with low
mean yields, the other consisting of the remaining months.
Scheffé's test (Gill, 1978) was applied to differences of
monthly means. Means for August and September each were
lower (P < .05) than monthly yields of November, December,
January, February, March, and April, but comparisons of other
months were not statistically significant (P < .05).

The second criterion considered climatic conditions
and feeding practices at Karnal, where the data were col-
lected. A comprehensive summary of the conditions at Karnal
was given by Sundaresan et al. (1965). He indicated that
the period of better milk production corresponds to the
period of regular supply of leguminous or nourishing fodders
such as lucerne, berseem, and green oats. In the months of
April, May and June temperatures are not favorable for dairy
cattle performance, but milk yield was not affected because
of better feeding in those months. During the months of
July to September the temperatures are very high with high

humidity and the major supply of fodder is sorghum. Thus,



56

Table 8.--Scheffé's test on unadjusted monthly means
(ranked from highest to lowest).

Month Mean (kqg)
February 2046
January 2034
March 2013
December 2009
November 2009
April 2004
May 1974
June 1960
July 1919
October 1916
August 1802
September 1771

Means joined by the same line are not statistically
different (P < .05).
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high quality feed is not available to offset the severe
environmental effects on the production. During the months
of October to December dry sorghums are supplemented by
silages. However, the climate in those months is not adverse
to production.

Results from unadjusted means, coupled with the
explanation by Sundaresan et al. (1965), led to formation
of two seasons, the first comprised of the months of August
and September, and the second comprised of all the other
months.

Examination of the Fixed Effects and
Heritability and Repeatability Estimation

In this analysis all factors found important in
Models la and 2 were considered. Thus the "complete" working

model was:

Model 3:
xijklmnop = u + B, + Yj + S, + Ly +A, ¢+ BYij + BL,, +
BAiml + YSjk + Yle + YAjml + SAkml +
P3DIM; sk 1mnop * b4DIM2ijklmnop + SIRE, +
COW,pn # eijklmnop
where:
SIRE = random effect of nth sire'~N(9,Io§);
COWon = random effect of 0th cow from nth sire ~ N(Q,Icg)

The remaining effects are the same as explained

previously in Model 1la.
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This model was used for the following purposes:

a. To obtain estimates of heritability and repeatability
of milk yield.

b. To re-examine the fixed effects previously found to
have important impact on milk yield, after adjusting
for random effects.

In solving for the fixed effects, mixed model
equations (MME) were used. They involved the addition to
least squares equations of variance ratios (02/02) and
(oi/og) obtained from the variance components estimated
using Model 3 (refer to results and discussion section on
heritability estimates) and the procedures outlined below.

(i) Estimation of heritability and repeatability.

Estimation of heritability (ﬁz) and repeatability
(r) involve ratios of variance components. Thus, to obtain
either ﬁz or f, one must estimate variance components, which
are interpreted genetically through knowledge of covariance
of relatives.

Because interest was in random effects only, a random
model adjusted for the fixed effects was fitted by the
Nested procedure (Barr et al., 1979) based on Model 3.
Because of concern that neglecting dam effect, if it is
important, could result in biased estimates of sire variance
component as indicated by Farthing and Steele (1967), three
alternative analyses were explored. 1In all three analyses

the fixed effects (Model 3) were common but the models
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differed in content of the random effects of sire, dam and
cow.

In the first analysis the random factors of sire,
dam within sire, and cow within dam were considered.
Theoretically, this analysis should give the least biased
estimates but it posed two practical problems.

1. Because dam identification was missing from many
records, consideration of dam effect caused loss of
20% of the original data.

2. Inclusion of sire, dam within sire, and cow within
dam in the same analysis resulted in very few degrees
of freedom for estimating the variance component for
error.

In the second analysis cow within dam was dropped
from the model of the first analysis. That alleviated some-
what the problem of degrees of freedom, but still did not
permit use of 20% of the original records.

In the third analysis, dam within sire and cow within
dam were dropped from the model of the first analysis, and
cow within sire was added. As a consequence of this modifi-
cation, records without dam identification could be used,
reducing both problems associated with the first analysis.

Results from the three analyses were compared to
check for differences in the estimates.

Two sets of data were used. The first consisted of

6,962 records with both dam and sire identified. The second
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consisted of 8,293 records with sire identified, with or

without dam identified.

Two types of estimates of heritability were computed:
Heritability for each breed group across all lacta-
tions. Model 3, excluding breed effect, was used
to obtain estimates of variance components.
Heritability for each breed group for each of first,

second, and third lactations.

Again, Model 3,
excluding breed, lactation and cow effects, was
used to obtain estimates of variance components.
Because each cow has only one record the cow effect
is completely confounded with error in the second

type of estimate.

Heritability was estimated as:

~2
40
= qs for each breed group across lactations
2 ~2 ~2
o. + 0 +o0
s c e
or
452
= A3 x5 for each breed group for each
o + 0 lactation
s e
where:

~

ci is expected to contain 1/4 additive genetic

variance (1/4 oi), 1/16 additive by additive

2 ).

(epistatic) variance (1/16 9aa
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The denominator (32 + 82

+ 32) or (32 + 82) represent
the phenotypic variance (8;) after elimination of variance
caused by the named fixed effects.
Two potential sources of bias in heritability esti-
mates obtained by this method are:
1. Epistatic bias (Dickerson, 1969).
2. Ratio bias which arises, because the expected value
of a ratio of two random variables is not equal to
the ratio of expectations of numerator and denomina-

tor (Kendel & Stuart, 1969).

Thus, the expectation of the estimator of heritability is:
E (ﬁz) = (h2 + epistatic bias) (1 + ratio bias)

Standard errors of estimates of heritability were
obtained by using the general formula for approximate
standard error of the ratio of two sets of variance com-

ponents (Dickerson, 1969):

A

2 V(Y) - 2XY Cov (X,Y)

V(X) + X2

C(X/Y) =% V¥
Y
where C is any constant multiplier of the numerator, X, and
Y is the denominator.
Procedures for computation of repeatability estimates
(r) and their standard errors, are parallel to those for
estimation of heritability. The only difference was in the

ratios of the variance components.
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Repeatability (intraclass correlation) was estimated

as:

where:

~ ~ 2 . .
(oi + 07) contains the sum of genetic and permanent
environmental variances among COWS;

~

02 contains temporary environmental effects
associated with each observation.



RESULTS AND DISCUSSION

Lactation Length and Calving Interval

Model la was used to fit different combinations of
calving interval and lactation length. Table 9 shows the
squared coefficients of multiple correlation (RZ) resulting
from fitting the different combinations.

The classification fixed effects and their inter-
actions explained about 45% (R2 = ,446) of the variation in
milk yield. When terms of linear, quadratic and cross-
product effects of calving interval and lactation length
were added, 74% (R2 = .74) of the total variation in yield

was explained. The increase in R2

value suggested that
linear, quadratic and cross-product of calving interval and
lactation length accounted for an additional 29% of the
total variation in milk yield.

The combination of the fixed effects with only lacta-
tion length linear and quadratic effects gave R2 value of
.727, suggesting that lactation length alone explained an
additional 28% of the total variation in milk yield. The
combination of the fixed effects with calving interval

2

linear and quadratic effects produced R“ value of .526,

63
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Table 9.--Squared coefficients of multiple correlation (R2)
for different combinations of factors in the model.

Factors (effects) and Combinations R2
Fixed classification factors, two-way .446
interactions.

Fixed classification factors, two-way .526
interactions, calving interval linear and

quadratic. :

Fixed classification factors, two-way interactions, .727
lactation length linear and quadratic.

Fixed classification factors, two-way interactions, .741
calving interval linear and quadratic, lactation

length linear and quadratic, calving interval by

lactation length interaction.

Fixed classification factors, two-way interactions, .735

lactation length linear and quadratic, the random
factors.

suggesting that calving interval only accounted for an
additional 8% of the total variation in milk yield.

These results imply that calving interval and the
interaction between calving interval and lactation length
had very little influence on milk production that could
not be explained by lactation length alone.

Results from other studies in the tropics generally
suggest the same trend of relationship between lactation
length and calving interval with milk yield as found in the
present study. Camoens et al. (1976) reported that calving
interval accounted for 6.0% of the milk yield out of the
13.4% variation that was accounted for by a combined effects

of days open, days dry and calving interval. Milk yield was
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influenced by lactation length, calving interval and days
dry in descending order of magnitude. However, exclusion
of calving interval alone for the regression did not reduce
the R? value to any great extent, which is consistent with
the results obtained in this study.

McDowell et al. (1976) reported that lactation
length accounted for about 34% of the variation in milk
yield while days dry, days open and calving interval contri-
buted less than 4%.

Significant correlations between calving interval
and milk yield have been reported, ranging from 0.1 to 0.2
(Camoens et al., 1976; McDowell et al., 1976). Significant
correlations between lactation length and milk yield have
ranged from 0.4 to 0.9 (Sikka, 1931; Robertson, 1950;
Mahadevan, 1955; Asker et al., 1958; Alim, 1960; Mahadevan &
Marples, 1961; Galukande, et al., 1962; Singh & Desai, 1962;
Camoens et al., 1976; Duran, 1976).

Parallel results from the temperate region involving
directly calving interval and lactation length are scanty.
Norman (1967) found calving interval was an important source
of variation in current lactation, accounting for 4.1-14.7%
of variation in milk yield. Correlations of .19 to .21
between calving interval and milk yield have been reported
by Miller et al. 1967).

Results from tests of homogeneity of regressions

across breed groups are given in Table 10. Models la and
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Table 10.--Tests of significance of linear and quadratic parameters
in regressions of yield on calving interval and lactation
length, across and within breed groups.

Source of Variation DF MS
CI Linear within breed groups 6 515,066
CI Linear across breed groups 1 2,268,730%*
CI Linear (Difference)c 5 164,333
CI Quadratic within breed groups 6 984 ,907**
CI Quadratic across breed groups 1 5,022,289*%*
CI Quadratic (Difference)® 5 177,430
DIM Linear within breed groups 6 1,032,558**
DIM Linear across breed groups 1 4,690,929%*
DIM Linear (Difference)C 5 300,884
DIM Quadratic within breed groups 6 13,599,092%*
DIM Quadratic across breed groups 1 79,625 ,533**
DIM Quadratic (Difference)c 5 393,804
CI by DIM interaction within breed groups 6 805,020%*
CI by DIM interaction across breed groups 1 1,421,604**
CI by DIM interaction (Difference)c 5 681,703**
Exrror 5,188 293,927

cMean squares (MS) for difference between regressions across
and within breed group.

*p < .10. **p < .05.
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1b were compared by testing differences in the sums of
squares due to regressions for the two models.

The linear, quadratic and cross-product sums of
squares pertaining to each of the covariates (calving inter-
val and lactation length) were significant (P < .05). The
tests of differences between the regression sums of squares
within breed groups and across breed groups for the linear
and quadratic effects gave F-values less than 1, implying
that regressions were homogeneous across the breed groups.
However, for the cross-product between calving interval
and lactation length the difference was significant (P <
.05) suggesting that the regressions pertaining to the inter-
action were not homogeneous across all the breed groups.

The similarity of R2 values obtained when the co-
variates were fitted within breed groups (R2 = ,75) and
across the breed groups (R2 = .74) was a further indication
of homogeneity of the regressions across the breed groups.

One may conclude that linear and quadratic terms for
lactation length are important in explaining variation in
milk yield. Calving interval is not important in presence
of lactation length. Fitting the linear and quadratic terms
across breed groups rather than within breed group was the
better procedure in accounting for the effect of lactation
length on milk yield.

Because calving interval was unimportant in presence

of lactation length, it was deleted from subsequent analyses.
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Further exploration on the effect of lactation length was

done in conjunction with the "complete" model (Model 3).

Preliminary Examination of Fixed Effects

The specific goal in this analysis was to eliminate
from subsequent analyses any fixed effects that were not
significant (P < .10). Model 2 was used to obtain preliminary
results. In this model calving interval was not considered
and effect of season instead of month was used (see materials
and methods section Model 2). The R2 value for this model

(R2 = ,72) was virtually the same as R? value in Model la

2

(R .74) indicating the removal of calving interval and

the grouping of seasons changed the goodness of fit only
trivially.

A summary of results is presented in Table 11. All
main effects of breed group, year, season, lactation and age
within lactation were highly significant (P < .001). The
significant two-way interactions were breed group by lacta-
tion (P < .01), breed group by age within lactation (P <
.05), year by lactation (P < .001), year by age within lacta-
tion (P < .001) and season by age within lactation (P < .10).
The two-way interactions that were not significant (P > .10)
were breed group by season and season by lactation; these

were eliminated in further analyses.
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Table 11l.--Mean squares (MS), degrees of freedom (DF),
F-ratio (F), and tests of significance from

Model 2.
Effects DF MS F

Breed Group (B) 5 242,085,740 832.91%*%*
Year (Y) 3 104,858,350 360.77%**%
Season (S) 1 63,848,877 219.68*%*x%
Lactation (L) 8 8,393,633  28.88%***
Age within Lactation A, 23 8,646,175 29.75%***

BY 9 5,988,615  20.60%***

BS 5 396,712 1.36

BL 32 512,931  1.76***

BA 40 417,512  1.44**

YS 3 1,060,001  3.65%%

YL 24 1,265,970  4.36%***

YA 47 785,239  2.70%**x

SL 8 191,670  0.66

sA 1, 18 448,993  1.54*
Laggﬁgjgn(gfggth= 1 441,602  1.52
B an mengehs 1 161,405,445 555.32%%%x
Error 8,591 290,650

**x*x*p < ,001. **x*xp < _01.
**p < .05. *p < .10.
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Effects of Breed Group, Year, Season, Lactation
Number, Age, Their Two-Way Interactions
and Lactation Length on Milk Yield

Model 3 was considered to be the final practical
model well suited to the data and computationally feasible.
The R2 value for this model was .74, approximately the same
as for Model la (.74) or Model 2 (.72).

Whereas Model 2 was used for preliminary identifi-
cation of significant factors with fixed effects on total
milk yield, Model 3 was used to explore detailed contrasts
between individual means. Also, because the random factors
of sire and cow were considered in the latter model, estimates
of the fixed effects were adjusted for these random factors.
Results of analysis of variance from Model 3 are presented
in Table 12. The least squares constants for the main
classification factors are shown in Table 13. The constants
are weighted values over two-way interactions that were
important for milk yield. For instance, if any two-way
interactions associated with two fixed classification
factors were significant (P < .05) with F-value equal to or
greater than 2, the constants for the two classification
factors were weighted over those interaction constants.

Each of the factors is examined specifically in following

sections.

Breed Group Effect

Table 12 shows that breed groups differed strongly

(P < .001). The least squares constants are shown in
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Table 12.--Model 3: Mean squares (MS), degrees of freedom
(DF) , F-ratio (F), and tests of significance.

Effects DF MS F
Breed Group (B) 5 118,153,435 426.08****
Year (Y) 3 50,157,932 180.88*%**%
Season (S) 1 17,313,213 62.43%**x%
Lactation (L) 8 7,612,250  27.45%%*%*
Age within Lactation A(l) 21 488,512 1.76**
BY 9 5,017,808  18.10%***
BL 32 471,961 1.70%**
BA (1, 40 420,508 1.52%%*
YS 3 861,934 3.11%*
YL 24 776,154 2.80%***
YA ) 41 449,745 1.62%**
SA (1) 15 335,030 1.21
Lai;i:iin(gfﬁ?th‘ 1 259,629  0.94
Lagﬁzgiggige?giﬁé) 1 143,304,499 516.78%***
Error 7,815 277,301
**x**xp < _001. *%x*p < _01.
**p < ,05. *p < .10.
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Table 13. Tharpakar (T) excelled Sahiwal (S) and Red Sindhi

(RS) by 232 kg and 204 kg, respectively in milk yield. Red
Sindhi exhaled Sahiwal by only 28 kg. The results seem to
suggest that Tharpakar is superior to both Sahiwal and Red
Sindhi, whereas both Red Sindhi and Sahiwal are about equal
producers of milk under similar conditions. Comparable
results in literature, under similar tropical environment,
were limited.

Among crossbreds, the Three-way crosses, BS x (S x
RS), were superior, followed by the Inter Se crosses, (BS
X S X RS) x (BS x S x RS), and then by 3/4-Brown Swiss
crosses, 3/4-BS. The Three-way crosses outyielded the
Inter Se breed group and the 3/4-BS by 380 kg and 540 kg,
respectively. However, it is imperative to acknowledge here
the meager data on which evaluation of crossbreds were based.

Comparable results in literature suggest that 1/2-
Zebu (Sahiwal/Red Sindhi) crosses with temperate breeds
exceed all other breed groups in production (Amble & Jain,
1967; Bhatnagar et al., 1970, 1971; Stonaker et al., 1953).
Contrary results were indicated by Verma (1973). He reported
significantly greater milk yields in 5/8- and 3/4-Holsteins
than in 1/2-, 1/4-, and 1/8-Holsteins. However, his results
were based on a very limited data.

All crosses were superior to the purebreds. For
example, the Three-way cross excelled Tharpakar, Sahiwal
and Red Sindhi by 810 kg, 1043 kg, and 1015 kg, respectively,

in milk yield. The merits of crossbreds over the tropical
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Zebu breeds are supported by numerous other studies. For
instance, Amble and Jain (1965), Branton et al. (1966),
McDowell (1971), Moulick et al. (1972), among others reported
higher yields of crossbreds over purebred Zebu cattle. 1In
the present study caution should be taken in interpreting

the results because, apart from the problem of limited data
for crosses, they were managed and treated more favorably
than the purebred Zebus. Thus, whether the apparent super-
iority of the crosses over the purebreds was caused fully

or only partially by better genetic potential could not be

ascertained in this study.

Year Effect

Differences of year-classes were significant (P <
.001). The year constants showed no monotonic trend with
time (Table 13). Class 4 (1971-1975) showed the highest
production followed by Class 1 (1930-1950), Class 2 (1951-
1960) , and Class 3 (1961-1970).

The differences over time can be attributed to
several complex factors among which are change in climate,
change in feeding practices and change in management decisions
which may or may not interact together to form year effects.

Evidence is available in literature on year differ-
ences for milk yield: Camoens et al. (1976), Hardie et al.
(1972) , Lee (1974), and Sundaresan et al. (1965), among
others, have reported significant differences between years

for milk yield.
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Season Effect

The season effect was very highly significant (P <
.001). Also, other reports from the tropics (Camoens et al.,
1976; Kohli & Suri, 1960; Lindstrom & Solbu, 1977; McDowell
et al., 1976; Moulick et al., 1973; Pearson et al., 1968)
suggested significant season effects on milk yield. On the
other hand, non-significant effects of season have been
reported by Alim (1965), and Sharma and Singh (1974). Com-
parable reports from the temperate areas seem to indicate
the same trend of significant season effects (Fosgate & Welch,
1960; Frick et al., 1945; Lee et al., 1961; Woodward, 1945;
Miller et al., 1970; Mao et al., 1974).

The season effects found in this study can be ex-
plained by the differential climatic and feeding practices
in the two seasons. The lower constants in season 1 (Table
13) may be attributed to the hot humid weather compounded by

poor quality feed (Sundaresan et al., 1965).

Lactation Effect

Lactation number was highly significant (P < .001)
in its impact on yield, which is in agreement with other
reports from the tropics (Moulick et al., 1972; Chhabra
et al., 1970). The general tendency was for milk yield to
increase with increasing lactation number up to the fourth

lactation, then decline (Table 13).
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Age Within Lactation Effect

The results in Table 12 indicate age differences
within a given lactation significantly affect yield (P <
.05). Similar findings of significant age effects on milk
yield in the tropics have been reported (Camoens et al.,
1976; Batra & Desai, 1964; Kushwaha & Misra, 1962; Sikka,
1931; Galukande et al., 1962; McDowell et al., 1976; Nagpaul
& Bhatnagar, 1971; Singh & Chondhury, 1961). Significant
effect of age of calving on milk yield also have been found
in temperate areas (Lush & Shrode, 1950; Mao et al., 1974;
Miller et al., 1970; Wunder & McGilliard, 1972).

After the second lactation the younger cows produced
more milk than the older cows (Table 14). The reason for
this is unclear but the possible explanation might be that
after the second lactation younger cows were nearer the mature
age for peak yield (3 to 6 years) suggested by several re-
searchers (Camoens et al., 1976; Gowen, 1920; Wunder &
McGilliard, 1971).

Although age differences within lactation were
important, no effort was made in this study to develop age-
adjustment factors. Generally, there are two ways to account
for age differences in an analysis. One way is to incorpo-
rate the age effect in the model so that it is considered
simultaneously with other factors in the analysis and thus
eliminated as a nuisance factor. The other is to develop
age-adjustment factors and adjust the records prior to

further analysis.
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Because of the limited data available from the
tropics as a whole, one cannot justify developing age
factors. The factors obtained from such small data can only
be applicable to that data set only and therefore their use-
fulness is limited. Until larger sets of data are available,
including age effects in the model for a given analysis is

the better method with tropical data.

Interaction Effects

Statistical tests for two-way interactions (Table 12)
indicated that year by lactation and breed group by year had
the highest significant level (P < .001); followed by breed
group by lactation and year by lactation (P < .01); followed
by breed group by age within lactation and year by season
(P < .05), and lastly followed by season by age within
lactation (P < .25).

The constants pertaining to the various interactions
of interest are given in Tables 15, 16, 17, and 18. Because
the data are badly unbalanced and relatively sparce in many
combinations, relatively little insight can be gained from
examining the interaction constants. The only significant
(P < .05) interaction that could be studied in some detail
was breed group by lactation.

The constants for interaction of breed group and
lactation are presented in Table 15. The constants for the
purebred Zebus indicate milk yield increased with lactation

number, reached a maximum in the second lactation and then
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gradually declined (Figure 1). For the crossbreds milk
yield increased with lactation number, reached a maximum in
the third lactation and then gradually declined. Chhabra

et al. (1970) working with Hariana cattle, found the maximum
production was obtained in the third lactation. White and
Drakely (1927) concluded that age at which maximum yield

was reached differed among breeds. Whether the attainment
of maximum yield by the second lactation for the purebreds
vis-a-vis the third lactation for the crossbreds was an
indication of earlier maturity by the purebreds could not

be ascertained in the present study.

Lactation Length

Tests of significance for the linear and quadratic
terms for lactation length are shown in Table 12. The
linear term was not significant (P > .10) but the quadratic
term was highly significant (P < .001). The partial regres-
sion coefficients for the linear and quadratic terms were
-.3957 and .0243, respectively.

Based on the prediction equation from Model 3, the
predicted milk yield was differentiated with respect to
lactation length and equated to zero to find the minimum
point. The results indicated that this point was at approxi-
mately eight days. However, because this estimate is not
precisely determined, the true minimum could easily be zero,
as one would suppose. If one deletes the non-significant
linear term, then the curve is forced to have a minimum at

zero day.
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A prediction curve based on the second degree poly-
nomial regression of milk yield on lactation length, adjusted
for the other effects in Model 3, is plotted to indicate the
changes that would be expected in milk yield with lactation
length (Figure 2).

Re-examination of the Fixed Effects and Their

Interactions Using Records on the Purebred
Breed Groups Only

Intuitively it is possible that the small numbers of
records associated with the crossbreds could cause faulty
interpretation of the results, particularly the interaction
constants. As Dickerson (1969) put it ". . . the unequal
and disproportionate numbers of observations in the sub-
classes have muddied the statistical waters for those working
with data from animal population." Thus, the records on the
crossbreds were set aside and only the purebred Zebus were
reanalyzed using the same model, Model 3.

The principal goal in this analysis was to find out
whether the exclusion of the crossbreds would change or give
a clearer picture for interpretation of the other results.
Table 19 shows the results from the analysis of variance.

The R2 value was .71. As in the previous analysis all main
effects of breed group, year, season, lactation, age within
lactation were highly significant. The difference was in the
number of two-way interactions that were significant. The
only two-way interactions significant were breed group by

year (P < .001), year by season (P < .05), year by lactation
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Table 19.--Model 3: Mean squares (MS), degrees of freedom
(DF), F-ratio (F), and tests of significance

using purebred Zebu data.

Effects DF MS F
Breed Group (B) 2 5,780,513 23.21%***
Year (Y) 3 51,226,168 205.67****
Season (S) 1 16,124,608 64.74***x*
Lactation (L) 8 6,393,881 25.67 %% %%
Age within Lactation (A(l)) 19 3,639,411 14.61%**x*
BY 6 7,252,760 29.12%% %%
BL 16 298,306 1.20
BA(l) 29 276,386 1.11
YS 3 850,860 3.42%*
YL 24 733,830 2.95%%%%
YA(l) 40 434,121 1.74**x%
SA(l) 15 171,070 0.69
Lactation Length:

Linear (DIM) 1 393,937 1.58
Lactation Length: ok k &
Quadratic (DIM2) 1 131,148,561 526.56**%*
Error 7,058 249,066

*x*x*p < ,001. **x*xp < ,01.
**p < ,05. *P < .10.
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(P < .001) and year by age within lactation (P < .0l). The
interactions of breed group by lactation, breed group by age
within lactation which were significant in the previous
analysis were not in this analysis (P < .10). The season by
age within lactation remained non-significant (P < .10).

The constants for the main effects are presented in
Table 20. Interpretation of the main effects of year, breed
groups, season and lactation is similar to those appearing
in Table 13. The differences between the breed groups
remained important with Tharpakar outyielding Sahiwal and
Red Sindhi by 233 kg and 185 kg, respectively. There was no
systematic year trend, with the third year class showing the
smallest yield and the first year class the highest. Yield
seemed to increase with increasing lactation number up to
the fourth lactation when it declined as previously. For
the season constants, season one still showed lower yigld
constants than the second season again indicating the effect
of the high humidity and high temperatures on the performance
of the animals.

Constants for ages within lactation presented a
slightly clearer picture (Table 21). The constants for the
age class-3 (61-90 months) clearly indicated superiority
over all the other age classes within each lactation. The
higher yields (constants) for the age class-3 (61-90 months)
clearly demonstrated that by the third age-class the Zebu
purebreds had reached mature age for peak yield which has

been suggested by the several researchers.
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For the significant interactions, the constants
showed no different interpretations from what was observed
in the previous analysis. Also, the results on lactation
length did not change. The partial regression coefficients
were -.3653 and .0235 for the linear and guadratic terms,
respectively, linear not significant (P > .10), but gquadra-
tic highly significant (P < .001).

Heritability (ﬁz) and Repeatability
(r) Estimates

Model 3 was used to estimate variance components
from which heritability and repeatability estimates were
obtained for each breed group. Three alternative analyses
were explored.

In Table 22 are results from "Analysis 1," con-
sidering sire, dam within sire and cow within dam. Results
in Table 23 were obtained from "Analysis 2," considering
sire and dam within sire, and results in Table 24 were
obtained from "Analysis 3," considering sire and cow within
sire.

The first concern was to examine differences in the
estimates from the three analyses. Because of limited data
on cross-breds, comparisons were made only on the purebred
Zebus.

Comparison of estimates of sire variance and error
variance indicated little difference in the three analyses.
Sire component accounted for approximately 3%, 3%, and 8%

of the total variation in milk yield, respectively for
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Tharpakar, Sahiwal and Red Sindhi breed groups. The error
variance accounted for approximately 80%, 76%, and 88% of
the total variation, respectively.

The sire variance component of 3% is in the lower
range of estimates (3 to 10%) generally reported (Hooven
et al., 1968; Camoens et al., 1976; McDowell et al., 1976).
The error or unexplained variance of 76% to 88% was much
higher than the estimates obtained with temperate breeds
(Camoens et al., 1976; Hooven et al., 1968; McDowell et al.,
1976; Van Vleck et al., 1961). Also estimates of cow com-
ponent of variance (less than 25%) obtained in this study
were lower than the percentages reported in literature.

The results from Analysis 1 for the two components
of cow and dam (%) added together for each breed group were
equivalent to the dam variance component (%) in Analysis 2
and to the cow component (%) in Analysis 3, again indicating
the three analyses gave nearly identical results.

The estimated total phenotypic variations of yield
for Tharpakar, Sahiwal and Red Sindhi were approximately

2

234,600 kg.”, 207,800 kg.z, and 205,300 kg.z, respectively,

much lower than reported estimates for temperate breeds.

Van Vleck et al. (1961) reported 1,400,00 kgz; Hickman and

Henderson (1955) 1,800,000 kg2; Camoens et al. (1976)

3,399,000 kg® and McDowell et al. (1976) 1,344,364 kg>. The
large temperate-tropical differences in variation correspond
to large differences in mean yields. The crossbreds con-

sistently showed higher total variation than the purebred
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Zebus. The total variation for the Three-way cross, the
Inter Se Cross and the 3/4-Brown Swiss were approximately

2 390,000 kg2, and 546,000 kg2

490,000 kg , respectively.
The higher total variation for the crosses might be explained
by the higher mean milk yield shown by the crossbreds.

Van Vleck (1966) indicated that variance increased
with increase in mean milk yield, therefore, the low vari-
ance estimates obtained in this study could be a function of
the low production.

Estimates of heritability and repeatability from the
three analyses also are presented in Tables 22, 23, and 24.
The results indicate heritability of milk yield is higher
for Red Sindhi (ﬁz = ,.31) than forTharpakar(ﬁ2 = .11) and
Sahiwal (A% = .12). However, it is important to note that
the Red Sindhi had relatively fewer records. The values
obtained are in the range of values .05 to .64 previously
reported for various breeds. The repeatability estimates
were much lower than the values reported in literature which
range from .37 to .55 (Table 2). 1In the present study the
repeatabilities for Tharpakar, Sahiwal and Red Sindhi were,
respectively, .20, .24, and .12. The reason for the low
repeatability estimates in this study is not clear. Con-
tributing factors might have been inferior environment and
poor management practices which prevented genetic differences

and permanent environmental effects from being fully expressed.

Also, to the extent that poor management may have resulted
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in flawed recording, the error component may have been
inflated.

Because the three analyses gave virtually identical
estimates, in an effort to use as many records as possible,
"Analysis 3" was repeated to use all records with or without
dam identification. A total of 8,293 records were available.
In Table 25 are the estimates of variance components, herit-
ability and repeatability. The most surprising outcomes from
the analysis were the large increases in estimates of vari-
ance components and heritability, not explainable solely by

the increase in number of records. Table 26 shows the changes

in the magnitude of the variance components (from the ori-
ginal estimates using 6,962 records).

Although most of the variance estimates increased,
the most noteable increases were in the sire components of
some breeds. For the Tharpakar, Sahiwal and Red Sindhi
breeds, the changes were 64%, 56%, and -24%, respectively,
of the original values. The reason for the large increase
in the estimates is unclear, but a speculation is that in-
correct data recording such as misidentification might have
contributed to the large increases. Also, sires used on
unidentified dams may have been grossly inferior.

Even if the heritability estimates seem high, they
were well within the range reported in the literature. The
estimates of heritability obtained by using the 8,293 records
for Tharpakar, Sahiwal and Red Sindhi were .29, .22, and .25,

respectively. The estimates of repeatability again were



98

* (0192 3O SNIVA ¥ pouwnsse) SIIVWTISS SATIRDON,

61" ¥ oy’ ve° ¥ €0° - - - $SS‘9YS 66¥°90€ L¥S'9EZ 60S‘E 9z 9% ot 86 SSTAE umoIg-9/€
SZ* ¥ €1 . - - - 061'06€ ZEL OYE asv’6y . SL ” ”n 1st 88010 8§ 10Ul
91" ¥ LT . - - - TS0° 06V 605’ LSE €PS‘ZET . €oy :13 4 91 88s 801D Aen-seoxyl
60° ¥ P1° oT* ¥ ST° 98 -] 9 0LZ’ 002 Lys‘ 1Ly »60°91 629°21 9zs 1€ 6¢€ ST0°T THPUulsS poy
90° ¥ (T Lo ¥ T €L 1z 9 79t'€se 8£9°s81 OLL'ES S6°€T 81s‘1 | 242 s9 L6E‘T TeATYeS
S0 ¥ zT° 90" ¥ 6Z° [:12 st L 6L2°2ST S68‘961 8L0°LE  90E’8T 989°2 LstT't 96 8€0’y aeyedreyyl
d L) o 8
° ) [ ] [ o [
o ~: ~u ~o uo .N . A~3 a~ , .~ : 10113 noD [ 38+ w30l
v v e300l 101213 nod 2171s
SouURTIRA . wopedzg jo seeabag podzd
%301

30 3uadiad

* (PIPNTOUY UOTIVOTJTIUSPT Wep INOYITA SPI0ORI) 3ITS UTYITA m0D puw 8178 buyaepysuod AN_: A3T1TQeaITIsy pue S3UGUOdEOD SOURTIPA JO SOIPWTIST~--°GZ OIqul



99

8G- £- G- €v ve- PIT’G- €T10‘6- 888°‘9 686‘C- TYpUuTts p=d
LT 8T ST 61 96 LYS'SYH vLE' LT 66€'0T1 vLL' L Temtyes
L9 L 1% V- 9 089°LT vLz'L GLE'T- 08L‘TT Jeyedxeyy
d s d ) o) s d =) o) s
0 D o] 0
Amo<\mo<vw No<w Noqw Noqw z V% z v z \Y No< z v peaig
1e30L I0Ixaq MO)D 92118

*papNTOUT DI9M UOT3IED
-TJTIUSPT Wep INOYITM SPIOODI UIdYM BITS UTY3ITM MOD pue a1TS DButasprs

-uod sTsATeue buTtsn sjusuodulod 3IdueTIPA JO SO93BWIISD uTr (V) sabueyd--°9z a219el



100

lower than values reported in literature. The estimates
for Tharpakar, Sahiwal and Red Sindhi were, respectively,
.22, .27, and .14.

Estimates of variance components and heritability
for each breed group within each lactation also were deter-
mined using Model 3. The estimates obtained by using the
6,962 records with dam identification are shown in Table 27.
Due to the small numbers of records after the fourth lacta-
tion, estimation was not attempted for later lactations.

Many estimates of variance components increased with
lactation number (Table 27). However, estimates of herit-
ability did not suggest any major differences across four
lactations (considering the large standard errors). For
instance, from analyses of Tharpakar cattle with 500 or more
records for each lactation the heritability estimates ranged
between .10 and .20, with standard errors between .06 and
.13. Therefore, heritabilities from this population appear
to be very similar for the four lactations, a result in
accord with reports by Barr and Van Vleck (1963) and Van Vleck
and Bradford (1966).

The estimates obtained using the 8,293 records (with
or without dam identification) showed a slightly different
picture (Table 28). The estimates of variance components
and heritabilities were much higher than those obtained
using the 6,962 records with dam identified. For the analy-

ses with 500 or more records the heritability estimates
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ranged between .44 to .49, and .22 to .32 for Tharpakar and
Sahiwal, respectively. Again, estimates differed little

from lactation to lactation.



SUMMARY AND CONCLUSIONS

This study was conducted to evaluate environmental
and genetic factors affecting milk production of three pure-
bred Zebu breeds (Tharpakar, Sahiwal, Red Sindhi) and three
crosses with Brown Swiss (Three-way Cross, Inter Se Cross,
3/4-Brown Swiss) under similar tropical environment at
Karnal, India. Three objectives were pursued:

1. To determine the effect of year, season, lactation,
age and their two-way interactions on milk production
of the six breed groups for milk production.

2. To assess the relationships of calving interval
and lactation length with milk yield.

3. To obtain estimates of heritability and repeatability
of milk yield.

The data consisted of 9,086 lactation records of
2,058 cows that calved in the period 1930-1975. Statistical
Analysis System (SAS) by Barr et al. (1979) was used in all
analyses.

The results of analyses of variance indicated that
main effects of year, breed group, season, lactation and age

within lactation were highly significant (P < .001). The
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two-way interactions of year by breed group, breed group

by lactation, breed group by age within lactation, year by
season, year by lactation, year by age within lactation and
season by age within lactation also were important for milk
yield. However, when the analysis was performed using only
the data from purebred Zebus, breed group by lactation and
breed group by age within lactation were not significant

(P > .10) suggesting a consistent pattern of response of the
purebred Zebus for milk yield across all lactations and age
groups.

Tharpakar cows were superior to Sahiwal and Red Sindhi
cows for milk yield, outyielding Sahiwal and Red Sindhi by
233 kg and 204 kg, respectively. Difference between Sahiwal
and Red Sindhi was only 28 kg, indicating equal potential for
milk yield by the two Zebu breeds. The three-way cross was
superior to the other crosses, suggesting that 50% Brown
Swiss inheritance was the best for milk yield. However,
results on the crosses should be interpreted with caution
because they were based on limited data.

All the crosses outyielded the purebred Zebus by
450 kg. or more. Such large differences may reflect better
genetic potential of the crosses for milk production. How-
ever, one cannot be sure because the crosses were favorably
treated.

Considering the purebred Zebus only, cows that calved
at 61-90 months of age outyielded all other age groups within

each lactation. It was, therefore, concluded that age 61-90
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months was the mature age for peak yield for the purebred
Zebus.

Although age was very important in this study for
milk yield, factors for age adjustments were not derived.
Like other studies on tropical cattle, deriving age factors
from such limited data is not justifiable because the factors
so derived are reliable only when applied to the original
data. 1In studies involving "small" samples, typically, the
best way to take care of age effect is to incorporate it in
the model instead of developing age-factors for purposes of
prior adjustment.

The relationships of calving interval and lactation
length with milk yield were determined by fitting different
combinations of linear and quadratic terms to determine the
amount of variation in milk yield explained, while holding
other fixed effects constant.

Fixed effects and their interactions accounted for
45% of the total variation in milk yield. A combination of
linear, quadratic and cross product terms of calving interval
and lactation length accounted for 29% of the total variation
in milk yield. Lactation length alone accounted for 28% and
calving interval alone accounted for 8% of total variation
in milk yield. Since lactation length along accounted for
almost the same variation in milk yield as a combination of
lactation length and calving interval, it was concluded that
calving interval was not important in presence of lactation

length.
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Estimates of heritability and repeatability were
obtained for each breed group from the variance components
for sires and cows. Estimates from data with both sire and
dam identified (6,963 records) were .11, .12, and .30 for
Tharpakar, Sahiwal and Red Sindhi, respectively, whereas
estimates from data with or without dam identified (8,293
records) were .29, .22, and .25 for Tharpakar, Sahiwal and
Red Sindhi, respectively. The reason for the discrepancies
in the estimates from the two sets of data was unclear.

The speculation is that records without dam identification
might involve some recording error, such as misidentification,
or the sires mated to those dams may have been collectively
inferior. Similarly, the estimates of repeatability obtained
by using 6,962 records with dam identification were .20, .24,
and .12 for Tharpakar, Sahiwal and Red Sindhi, respectively.
Using 8,293 records the estimates of repeatability were .22,
.27, and .14 for Tharpakar, Sahiwal and Red Sindhi, respec-
tively. These estimates were much lower than those reported
in literature. Of noteworthy particularly is the low cow
variance, which accounted for less than 25% of the total
phenotypic variance for milk yield in the present study.

Estimates of heritability within each breed group
within lactation showed similar discrepancies for the two
data sets. The estimates of heritability obtained by using
6,962 records for first, second, and third lactations were,
respectively, .10, .15, and .20 for Tharpakar; .05, .24, and

.13 for Sahiwal; and .03, .18, and .69 for Red Sindhi.
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Estimates obtained by using 8,293 records for first, second,
and third lactations were, respectively, .48, .49, and .44
for Tharpakar; .22, .32, and .19 for Sahiwal; and .01, .03,
and .64 for Red Sindhi. Considering only estimates obtained

from 500 or more records, there was little change in esti-

mates from lactation to lactation.
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