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Abstract

The principles of genetic improvement included the use of crossbreeding. An alternative method is the genetic
improvement of the indigenous cattle by selection.

The low reproductive performance and high calf mortality in the indigenous cattle caused a reduction in the selection
intensity. Moreover, the generation interval is long in cattle because of the late sexual maturity and the long calving
intervals. The most important problem is the absence of a milk recording system in many temperate countries. In such
a case, the approach to improving the cattle through selection is limited and we will need to start with a single nucleus.

Two types of selection can be adopted; without progeny testing which means the selection of bulls on pedigree
information only and with progeny testing to identify the elite bulls according to the performance of their daughters.
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1. Introduction

The zebu (Bos indicus) type included most tropical cattle. These cattle are characterized as are well adapted to the harsh
environmental conditions in the tropics. After hundreds of generations under the tropical condition, natural selection
provided them more tolerance to heat stress, resistance to many tropical diseases, and the ability to survive under the
feed and water shortage. On the other hand, the genetic potential is poor for both productive and reproductive
performance, such as low milk yields, late maturing, high calf mortality, long calving intervals, a high number of
insemination per conception, and low fertility.

The strategies that were used to improve the dairy performance of tropical cattle represented by imported the dairy
breeds of the European (Bos Taurus) type, either as a stock of both sexes in large numbers or by acquiring bulls (or
semen) for crossbreeding with indigenous females. Both approaches have been applied, and the results have been
different. Imported temperate breeds can be successful in countries with moderate heat stress, good feeding, high
management, and available veterinary services (Berglund, 2008). All these factors represent the most challenges faced
by breeders in tropical countries. However the crossbreeding led to a dramatic increase in productivity in the first
crossbred generation (Fl), but the continuous upgrading by repeated backcrossing to exotic bulls lead to a lack of
adaptation (Syrstad, 1996). After the first crossbreeding, the performance of the second-generation will deteriorate due
to the reduction in heterosis (hybrid vigour) expected from FI to subsequent generations (retained heterosis).
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The genetic resources of tropical cattle will be subject to reduction as a result of the increase of genetic material of
imported cattle (Scholtz et al., 2008). The loss of indigenous genetic properties of the cattle which are essential for
survival and reproduction in the tropics is considered an irreplaceable loss. It is important to preserve these for future
use. Hence it was proposed that any cattle development project should include a statement about repeated crossing and
it's possible to decrease the local genetic resources that should be maintained (Munywoki, 2021). However, artificial
selection is a good tool for genetic improvement as an alternative method to genetic material importation. The
application of selection is too limited in tropical countries. The results obtained by selection in many temperate breeds
suggest that there should be a good chance for improving the dairy performance of tropical cattle by the same method
particularly there is a high genetic variation among individuals. Therefore, the purpose of the present article is to
explore the prospects of applying the selection for improvement the cattle performance.

Aspects of selection in tropical cattle
The genetic change in the population means in one generation brought about by selection, is determined by:
AG=The genetic change (Response)

i=is the intensity of selection which is determined by the proportion selected, and can be found from tables in most
textbooks on animal breeding (Falconer and Mackay, 1996).

H2=the heritability of the trait

o, which is the selection differential (i.e. the superiority of the individuals selected for breeding, above the means of the
population prior to selection), in units of phenotypic standard deviation.

If any of these three parts is low, genetic progress through selection will be slow.

2. Genetic variability

The standard deviation of milk yield in tropical cattle is less than in temperate dairy breeds. But, relative to the mean,
the variability is usually greater in tropical than in temperate cattle.

Many estimates of standard deviations of milk yield in tropical cattle obtained by several studies are biased because
records for short lactations were deleted. Mchau (1988) estimated the mean and the phenotypic standard deviation of
lactation yield in a herd of Mpwapwa cows (crossbreed) at 1072 and 775 kg respectively. He found that about 40% of
the lactations were shorter than 200 days. When these were excluded, the mean increased to 1539 kg, but the standard
deviation decreased to 572 kg. The high proportion of short lactations in this and other tropical breeds could be
attributed to the milk let-down problem when the cows are milked in absence of the calf. Lactation length is a heritable
trait and closely correlated with lactation yield. Rege et al. (1992) studied the records of a Sahiwal herd in Kenya and
reported that the mean lactation yield was 1145 kg for first lactations and 1663 kg for all lactations combined, with
standard deviations of 523 and 572 kg respectively. This gives coefficients of variation (CV) is more than twice those
commonly observed in temperate dairy breeds.

2.1. Intensity of selection

The proportion of individuals is needed for breeding in order to maintain herd size determined by the reproductive rate
of the species. The reproductive rate is low in cattle, particularly for the females, and lower in tropical than in temperate
breeds (. In zebu herds the calving rate is rarely above 80% and sometimes as low as 50%. In addition, the mortality of
calves in early and advanced age is often high. The average number of progeny reaching breeding age out of each female
in her lifetime is an important parameter (Al-Samarai and Al-Zaydi, 2014).

2.2. Accuracy of selection

When selection is based on the phenotype of the individual, the accuracy equals the square root of the heritability (h?).
The heritability of milk yield in tropical cattle is not accurate because of many reasons such as a low number of records
and the absence of a recording system, but most estimates reported fall within the same range as those obtained in
temperate breeds (0.15 to 0.4)(Al-Samarai et al., 2015). Heritability of the 305-day milk yield of Sahiwal was 0.082 +
0.07 in Pakistan and the breeding values of sires and cows ranged from -293 to 506 and -278 to 512 kg,
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respectively(Khan et al., 2008). Singh et al., (2017) analyzed a total of 2985 records on lactation yield of Sahiwal cattle
over a period of 62 years (1949 to 2011) and found that the heritability for total milk production was 0.105+ 0.035 and
breeding values of sires ranged from - 121.38 to 103.69 kg.

2.3. Selection after breeding

The complicated problem in dairy cattle breeding is that milk yield cannot be recorded unless the heifers have been
used for breeding. When the first lactation record of females is completed, most of the cows are into their second
pregnancy; therefore, the selection of cows on the basis of their first lactation will affect only calves born in third and
subsequent parties. The selection differential arises because the better performing cows are allowed to produce more
calves than the poorer. This selection could be adopted by culling calves and heifers depending on their ancestors'
performance.

2.4. Selection for sex-limited traits

The traits in dairy cattle are expressed only by females; therefore, the selection of bulls must be based on the
performance of their female relatives (dam, half-sisters, and daughters). Selection on the basis of the dam can be applied
at birth, but unfortunately, it has low accuracy. Maternal half-sisters have a few records and are not offered much
information at this stage, while the paternal half-sisters (daughters of the calf’s sire) could be many. The progeny test
of sires depend on their daughters offered accurate information but need about 5-6 years after the bull has been first
used for breeding.

Reliable progeny testing requires that the daughters of the various bulls should be reared under similar conditions. In
practice, this is difficult to achieve when there are several herds but it can accomplish if the bulls have been used in the
same herd(s), or their daughters are distributed at random across many herds when using artificial insemination.
Several factors should exist to achieve efficient use of progeny testing such as a large breeding unit, a modern data
analysis, a large recording system, and good organization.

3. Generation interval

The genetic response (R) might be more informative if it was dividing by the generation interval. The generation interval
is defined as the average age of the parents when their progenies are born. It was longer in cattle than in most other
livestock species, and longer in tropical than in temperate cattle because tropical cattle reach sexual maturity at a higher
age and also have longer calving intervals. If the cows are on average 3 years old at first calving and calve five times at
intervals of 1.5 years, the generation interval from dams to their progenies will be 6 years. Further, if bulls start breeding
at 2 years of age and are used consecutively for the next 2 years, this gives a generation interval of slightly less than 4
years. With extensive use of progeny testing the generation interval from sires to their progenies increases to 7-8 years
or more.

3.1. Strategies for genetic improvement in a closed herd

The extensive milk recording schemes which form the basis of dairy cattle breeding programs in many temperate
countries do not exist in the tropics, and cannot easily be established. In addition, artificial insemination often does not
function properly (Gamborg, and Sandoe, 2005). It might therefore be preferable to start a genetic improvement
program with a single herd (or a group of cooperating herds).

4., Conclusion

In the absence of Al and semen storage facilities, there is a risk represented by the fact that the bulls have to be kept
alive until their daughters have finished the first lactation to be able to make the progeny test. Moreover, if the program
is set up at year 0, the progeny test could be useful after about 10 years, while when the generation intervals are lower
we can achieve the first genetic benefits at an earlier stage and can be disseminated rapidly to the whole population
(Ruane and Smith, 1989). The results from the experiment of progeny testing in a herd of Sahiwal cattle in Kenya
confirmed that such a program can be inefficient (Rege and Wakhungu, 1992). Furthermore, progeny testing is effective
in large herds with hundred cows, while, pedigree selection can be used in smaller herds and the response is mostly
independent of herd size.In closed breeding schemes, inbreeding is inevitable in the herd. The rate of inbreeding
coefficient depends on the number of males their number is smaller than the number of females (Falconer and Mackay,
1996). Prediction of inbreeding rates is quite complex, especially in populations undergoing selection. Nevertheless, we
can predict that inbreeding rates would be higher in the progeny testing scheme because all young bulls are bred by a
single male, whereas in the pedigree scheme they can be bred by up to 10 males. The accumulation of inbreeding in the
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nucleus herd should not be a major problem as it can be monitored continuously and animals from outside the herd can
be introduced if inbreeding is considered to be too high.

It is essential that the genetic responses, achieved in the nucleus, be disseminated to the whole population. The bulls
available for distribution would be young bulls selected on the basis of pedigree. If all bulls with above average pedigree
(top 50%) are considered acceptable, a nucleus herd can provide about 15 bulls per 100 cows in the herd per year. Most
of these bulls can be distributed as yearlings, but the most promising ones would be available only after having served
in the herd for a year or so. the gain achieved in the nucleus will be disseminated to the outside herds with a genetic lag
of about two generations (James, 1977).
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