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Summary

Crossbreeding is considered a good approach to improve cattle in Sub Saharan Africa. In order to
predict herd performance under varying crossing strategies, a genetic model of additive and non-
additive breed effects and deterministic herd model are produced. This is tested using a case study of
milk yield and yearling weight of Boran and Holstein crosses in Ethiopia. Six strategies were tested:
three where only a single sire type was used (Boran, Holstein or F1 sired by a Holstein) and three
rotational crossing strategies (1 year and 5 year rotations and an unbalanced rotation, where a Holstein
sire is used for 3 years followed by Boran sire for a single year). The Holstein sire strategy maximised
milk yield as the additive breed effect was dominant for the trait. For yearling weight, the unbalanced
rotational strategy performed best as it combined the benefit of the Holstein additive breed effect and
heterosis, both of which were large for this trait.
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Introduction

Cattle are important in supporting development in Sub Saharan Africa (SSA) as they are a source of
both food and income. However, studies show there is a substantial gap between the potential and
realised production levels for livestock in this region due to shortfalls in management but also choice
of appropriate animal genotypes (Henderson et al. 2016). The lack of consistent recording systems for
both pedigree and performance data (Chagunda et al. 2015) makes traditional selective breeding
difficult. Crossbreeding strategies require comparatively little data, are generally easy to follow and
results can be achieved more quickly, so are a good fit in SSA systems (Cunningham & Syrstad 1987;
Rutledge 2001; Leroy et al. 2015).

Crossbreeding allows farmers to take advantage of the complementary fitness traits from local
breeds and production traits from exotic genetically improved breeds, as well as providing favourable
heterosis. A variety of crossbreeding strategies can be used in systems in SSA. Firstly a single sire
type can be used over multiple generations to grade up from a local breed to higher level of exotic
genetics, for example to 50% by using a crossbred bull sired by an exotic, out of a local cow (F1) or
to a high level of exotic by using a purebred exotic bull . Although these strategies allow farmers to
take advantage of traits from other breeds, the benefit of heterosis reduces over time. To maintain
high levels of heterosis, rotational crossbreeding strategies can be used where multiple purebred sire
types are used over years or generations, maintaining higher levels of heterosis compared to grading
up strategies (Cunningham & Syrstad 1987).

When deciding which system is most suitable we need a model to predict how herds will
perform over time under these varying strategies. The purpose of this study was to produce such a
model for crossing in SSA systems. We combine two models: firstly, a genetic model to predict the
performance of each possible cross type for a given trait, given the additive and non-additive effects
for the pair of breeds and trait of interest; secondly, a deterministic herd model to simulate the
changing herd composition and therefore changing performance for a given trait, over time depending
on the crossbreeding strategy

Materials and methods
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We can predict the performance for a trait by a specific cross type using a genetic model of additive
and non-additive breed effects, specifically Dickerson’s model (Dickerson, 1973) which includes
additive, heterosis and recombination loss effects to predict animal cross performance.

The herd model describes 18 cross types which vary according to breed of each great
grandparent (see Figure 1). Survival rate is used to simulate the number of animals within each age
class (each year of life with 20 classes starting at age 1 year) for each cross type (1-18) for each year
(0-40). The total number of cows calving per cross type per year is then calculated using the number
of animals in each age class and age class specific calving rates. The cross type of calves produced by
calving cows is determined by the sire used on the cow cross type in that year (either local, exotic or
F1 sired by an exotic), which varies according to breeding scenario. Total number of calves born of
each cross type per year is calculated. This is multiplied by replacement rate which is a function of the
survival and calving rate and is equal to the proportion of calves that must be kept as replacements in
order to keep the herd at a constant number of cows. We assume that cross types are kept in the
proportion in which they are born. This gives the number of yearlings for each cross type in the
following year.

In this study, we use this model to simulate crossbreeding between Boran and Holstein cattle.
Boran is a Zebu breed which originates from Kenya and Ethiopia. Dairy farmers in these areas
commonly use imported Holstein semen on their Boran cows, so this is a relevant system in which to
test the model. We assume the initial herd is purebred Boran. Sires that can be used are purebred
Boran, purebred Holstein or an F1 sired by a Holstein. Values for survival rate and calving rate are
from a survey of Oromiya state, Ethiopia (Workneh et al. 2004).

We examine lactation milk yield and yearling weight, which differ in the timing and continuity
of expression during the lifetime of the animal and the herd. Lactation milk yield is a production trait
and therefore directly linked to farmer income and impacts of breeding decisions extend over the life
of the cow. Yearling weight will have an effect on the value of these animals, with heavier yearlings
earning more money at market, but young animals mature through the system relatively quickly, and
so traits expressed by young animals have a more transient impact on the herd. We use additive and
non-additive (heterosis and recombination loss) genetic effects for each trait as inputs for the genetic
model which are estimated from Ethiopian crossbreeding studies of Boran and Holstein cattle (milk
yield (Birhanu et al. 2015) and yearling weight (Demeke et al. 2003)).

We used our model to test how a variety of crossbreeding strategies would affect the herd in
terms of total milk yield and total yearling weight. Firstly we compare 3 scenarios where each of the 3
sire types (Boran, Holstein or F1) is used on the whole herd every year. Using a Boran sire should
maintain the herd in the initial form whereas using a Holstein or F1 sire will upgrade the herd to
either high proportion Holstein or 50% Holstein respectively. Next we consider a variety of rotational
crossing scenarios. Firstly the rotational period is varied from every year to every 5 years. The effect
of an unbalanced design is also tested, 1 year Boran sire followed by 3 years Holstein sire.

Results & Discussion

We evaluated the effects of 6 crossbreeding strategies between Boran and Holstein cattle in Ethiopia
on two traits over 40 years, average milk yield per cow and average yearling weight. Using Boran
sires maintained the initial herd performance as it maintains the composition of the herd as purebred
Borans. Although the other strategies varied, all led to increases in both traits as both types of the sire
used, F1 and Holstein, have greater predicted milk yields and yearling weights.

Milk Yield

First we compare 3 strategies where only a single sire type is used. Using Boran sires maintains
average milk yield at the initial level of 2,104L per cow. Using either F1 or Holstein sires increases
average milk yield due to the large additive effect of Holstein breed (2,040L per cow more than a
purebred Boran). After 40 years, yield under the F1 sire strategy is 6,605L per cow per year (223%
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increase) whereas under the Holstein sire strategy milk yield is 11,004L per cow, per year (439%
increase) (see Figure 2) as this strategy results in the maximum level of Holstein genetics. After 20
years the rate of increase drops greatly and only rises slightly over the following 20 years. This is due
to the effects of both reduced heterosis and recombination loss. Our genetic model predicts that
crosses with more than 50% Holstein genetics have approximately the same or lower milk yields as
the F1. This is seen in the Holstein grading up strategy where over the first 20 years, the herd milk
yield increases as the number of F1s continues to increase, but after the last of the purebred Borans
die, the herd production level stabilises even as the proportion of Holstein genetics continues to
increase.

Next we considered a range of rotational crossing strategies. The herd performance under these
strategies fluctuates compared to strategies where just a single sire type is used. The two balanced
rotational strategies, rotating between Holstein and Boran sires every year or every 5 years, show
similar patterns of milk yield over time, where it increases quickly at first and then there is a decline
in the rate of increase over time to an average of 8,069L and 8,214L per cow, per year over the last 10
years for the 1 year rotation and 5 year rotation strategies respectively. By rotating sire breed every 5
years the peaks and troughs are higher and slightly lower respectively than those of the 1 year rotation
strategy. For example, in the last 10 years, the maximum difference between yearly average milk yield
in the 1-year rotation strategy is 544L compared to 1,334L in the 5-year rotation strategy. Both
strategies lead to higher milk yield than the F1 sire strategy.

The effect of heterosis is large for milk yield (899L) and so we see a benefit of the balanced
rotational strategies over upgrading to an F1 even though the breed proportions are similar (50%), as
the rotational crossing maintains a higher level of heterosis. The 5 year rotational strategy leads to on
average a slightly higher herd milk yield over the 40 years than the 1 year rotational strategy due to
the first 5 years of Holstein sired offspring increasing the proportion of Holstein genes more quickly
than the 1 year rotational strategy.

The unbalanced rotation strategy used Holstein sires for 3 years followed by a Boran sire for a
year. Again this strategy leads to an increase in milk yield which levels off over time with a mean
yield of 9,891L per cow, per year over the last 4 years with only slight fluctuations. Milk yield is
greater under this strategy than the F1 and balanced rotation strategies but lower than that achieved
under the Holstein sire strategy. This strategy leads to a higher proportion of 75% Holstein genetics
on average compared to the balanced rotational strategies. The increased weight of the additive
Holstein effect led to increased herd milk yield compared to the balanced rotational strategies.

Yearling Weight

Again, the Boran strategy maintains average yearling weight per year at a constant rate of 156kg. The
F1 sire strategy increases average yearling weight slightly to 167kg (7% increase) (see Figure 2). The
Holstein sire strategy also increases average yearling weight in the first year but to a much higher
level with a peak of 189kg. This reduces over a longer period than under the F1 sire strategy and
levels off to 173kg after 39 years (11% increase from Boran). Increasing the proportion of Holstein
genetics leads to an increase in the total herd yearling weight, but when compared to milk yield
increases from Holstein, this is much smaller for yearling weight as the additive effect of the Holstein
breed is 13kg per individual over the mean Boran yearling weight of 129kg. The increase found in the
first year of all crossing strategies is mainly due to the effect of heterosis (20kg) which is larger than
the additive breed effect in this trait. The initial increase is much lower in the F1 sire strategy as it is
the only crossing strategy not to produce F1s in the first year which would have maximum heterosis
and higher Holstein breed effects than the 75% Boran crosses produced in the F1 sire strategy. The
presence of recombination loss (-14.4kg) in the first year of this strategy is also important in reducing
herd yearling weight and is not present until subsequent years in all other crossing strategies.

The 1 and 5 year rotational crossing strategy lead to a similarly high peak in yearling weight as
the Holstein sire strategy. Yearling weight then fluctuates initially between this peak of 189kg and the
baseline of 156kg. The magnitude of the yearly or 5 yearly fluctuations decreases over time and after
40 years is fluctuating 10kg around a mean of 174kg, a higher weight than that achieved by the F1
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sire strategy even though both result in 50% Holstein genetics. This is due to the rotational strategies
maintaining higher levels of heterosis.

The unbalanced rotational strategy leads to fluctuations with each peak lasting 3 years and each
trough lasting 1 year, corresponding to yearlings sired by Holstein and Borans respectively. The
average yearling weight in the last 4 years is 175kg, higher than that of any other strategies after 40
years. This strategy combines the advantages of both high proportion Holstein genetics leading to
high additive effects and heterosis produced by rotating sires, meaning it is better than the balanced
rotational strategies.

Compared to herd milk yield, total herd yearling weight is much more responsive to changes in
sire type, as in each year it is dependent on the sire of calves born in the previous year, whereas the
milk yield is dependent on all the calving cows in a herd which can be born any time between 2 and
19 years ago.

Optimal strategy

The best strategy for increasing milk yield is the Holstein sire strategy because it takes advantage of
large beneficial Holstein additive effects. The best strategy for increasing yearling weight is the
unbalanced rotational strategy because it combines the benefits of increased Holstein genetics whilst
maintaining heterosis which has a large effect on this trait.

This means a farmer must trade-off between these two traits. How this is done is dependent on
relative importance of these traits and other traits not examined here. This can be assessed using a
number of methods, for example by using farmer opinion (Nielsen & Amer 2017), by building an
economic model (Byrne et al. 2016) or by building models that takes into account other factors, for
example greenhouse gas emissions (Wall et al. 2010).
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Figures

Figure 1. Possible cross types produced, starting with purebred breed A and using purebred A,
purebred B or an F1 sired by a B (BA) as sires.

Figure 2. Graphs show total herd performance per year for milk yield (top) and yearling weight
(bottom) under the three single sire type strategies, Boran sire, F1 sire and Holstein sire (left), and the
three rotational crossing strategies, 1 year rotation, 5 years rotation and unbalanced rotation (3 years
Holstein sires followed by 1 year Boran) (right).


