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ABSTRACT
Background: A study defining breeding goal traits pertinent to the smallholder and large commercial dairy farms in Ethiopian
highlands is limited. Accordingly, this study was designed to identify the most important dairy cattle traits to be incorporated into
breeding objectives for dairy cattle herds belonging to the small and large commercial farms in Ethiopian highlands.
Methods: This study used data collected from a representative sample of 400 respondents from 20 districts participating in dairy
herd registration and record-keeping initiatives in Ethiopia. The survey design purposively incorporated both smallholder and large-
scale dairy farms to accurately reflect the diverse structural characteristics of dairy production within the Highlands system. To
analyze the collected data and assess the preference ranking order, a multinomial ordered logit regression model was employed.
Result: The study pinpointed the existence of differences in the ranking order of traits among the top five traits between small and large
dairy farms. The order of ranking for disease resistance, feed requirement and animal size varied for large farms with unique
preference for higher milk yielder and larger size cow, demanding a separate selection criteria. Respondents’ from small farm placed
disease resistance as the second most important trait, underscoring the need in adaptive capabilities of cows. As a result, the adoption
of breeding strategies to maintain low levels of exotic inheritance or apply a restricted selection index to address the preference for
adaptive capabilities is expected from responsible institution. Therefore, the dairy cattle breeding goals for smallholder and large
commercial farms incorporating these identified dairy cattle traits as aggregate merit should be set as balanced breeding objective.
Hence, it’s necessary to establish suitable economic weights for these traits to apply a selection index for dairy cattle evaluation.
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INTRODUCTION
The Ethiopian highland is considered to be suitable for
dairy cattle farming due to its relatively favorable climate,
which creates a promising environment for dairy
development (Yilma et al., 2011). Crossbreeding program
as a strategy of choice has been adopted in many tropical
countries to enhance productivity and maintain adaptability
of crossbred animals (Haile et al., 2009; Roschinsky et al.,
2015; Ojango et al., 2016).  However, the local cattle breeds
still make a significant contribution to the national economy
and market milk supply in Ethiopia, accounting for 96% the
supply, whereas, the crossbred and adapted exotic cows
account for only 4% (CSA, 2016/17, 2017). Locally adapted
dairy cattle breeds maintained as source of young bulls
and their crossbred population  accounted for nearly 2.08%
of the estimated 61.5 million total cattle population which
are mainly owned by the large commercial and
smallholders farms, respectively (Gebrehiwet, 2020; Begna
et al., 2024). The crossbreeding breeding program
operational in collaboration with dairy cattle owners as
stakeholders for dairy cattle improvement was focusing on
milk production trait as the major breeding goal for decades.
As a result, there is a growing concern regarding the
performance of crossbred and adapted high-grade cows
in Ethiopia, specifically in terms of their functional and
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adaptive traits (Negussie et al., 1999; Ombura et al., 2007;
Tolasa et al., 2020). As a result crossbred dairy cows were
not exploited to their potentials in smallholder system of
Ethiopian highland (Getahun, 2022).

The major challenges associated with breeding
programs in the smallholder sector of tropical regions
include environmental factors, ill-defined strategies and the
inability of farms to adopt management and nutritional needs
of new genotypes, ultimately resulting in low productivity
and high mortality rates among animals, as noted by
(Philipsson et al., 2006). Similarly, the  lack of farmer
involvement in breeding program development, had resulted
in unsuitable breeding objectives (Galukande et al., 2013;
Kebede et al., 2018). Implementing an appropriate breeding
program is crucial to control fluctuation in performance,
enhance adaptation and further improve the crossbred and
adaptive dairy cattle population (Hunde et al., 2024).

A successfully breeding program that meets the needs
of farmers requires understanding on the dairy cattle
breeding goals. This approach ensures the program
targets the specific traits that farmer’s desire, customized
to their unique production conditions (Sölkner et al., 2008).
The literature reviewed on dairy farmer preferences for
cattle traits revealed diverse priorities influenced by farm
size and socio-economic condition that includes the level
of market linkage and management level (Ule et al., 2024).
A study from Tanzania reported smallholder farmers
prioritize high milk yield, good fertility and easy temperament
(Chawala et al., 2019), whereas, the study from Kenya
reported dairy trait preferences vary based on production
intensity, with high-intensity(large scale farms) producers
favoring production lifetime and milk yield, while low-
intensity (smallholder farms) producers prioritize calving
interval and production lifetime (Kariuki et al., 2017). There
are limited information on dairy cattle trait preference
difference existing across the smallholder and large
commercial farmers in predominantly smallholder systems
of the Ethiopian Highlands (Duguma and Janssens, 2016;
Seid et al., 2025). Most of these studies were conducted
using qualitative methods and had a limited geographical

focus within the country. Therefore the primary goal of this
research was to identify the most preferred dairy cattle traits
based on practical experience of dairy farmers by using
ranking order techniques across smallholder and large
private commercial farms participating in the national dairy
performance recording  scheme along the  key milk-shade
districts of the Ethiopian Highlands.

MATERIALS AND METHODS
Description of the study areas
The survey study was conducted between 2022-06 and
2022-12 at the post-graduate program school of Haramaya
University, Ethiopia. The survey study represents dairy
farming households residing in twenty (20) dairy project
districts found across five regional states: Amhara, Oromia,
the Southern Nations and Nationalities Peoples, Sidama
and the Addis Ababa city council. Data were collected from
400 purposively sampled farms participating in the dairy
herd performance recording scheme led by the Livestock
Development Institute (LDI) and the African and Asian Dairy
Genetic Gain (AADGG) program of the International
Livestock Research Institute (ILRI). The study area lies
within the coordinates (1137N and 3723E at Bahir-dar
to 740N, 3050E at Jimma, due west of the country and
941N, 3932E at Debre-Brehan to 658N, 3752E due
east at Boditi, for longitude and latitude coordinate points,
respectively, representing the Ethiopian highlands. The
altitude ranges from 2,840 meter at Debre-Brehan in central
Ethiopia to 1,673 meter above Sea level at Adama in eastern
Ethiopia (Fig 1).

Sampling procedure
The sampling on dairy farms across the  survey districts
was based on the level of engagement in herd recording at
the time of data collection, whereas the criteria to classify
small and large farms were decided based on the number
of dairy cows owned and the purpose of the production
goal. The classification of farms into categories of small
size (<10 cows) and large farms (10 was made based on
the methods employed for the Ethiopian dairy sector  (FAO

Fig 1:  The map of ADGG project districts and sampled survey districts for Ethiopian highlands.
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2050, 2017 report, 2018). A sample of 345 small-sized
farms, accounting for 86.75% and 55 large farms,
representing 23.25% of the total sampled farms, were
chosen at a sampling ratio of 6:1, respectively. The sample
size for household surveys was computed using a formula
intended for large population sizes, as outlined by
(Taherdoost, 2017).
Sample size:

Where,
n= Required sample size.
p= Expected proportion occurrence of event.
e= Acceptable margin error term.
z= Expected level of confidence interval for the survey response.

Data collection and preparation
The survey commenced with the development and
evaluation of structured questionnaires aimed at gathering
individual response  on preference given to the list of dairy
cattle trait. The trait ranking was performed on the scale of
1 to 18, where the most important trait was given rank
order 1 and the least important trait was given rank order
18. The ranking criteria traits were adopted from the study
by Kariuki et al. (2017), that was modified  and translated
into local languages to ensure respondents understand
it. Definitions of these traits for ranking were made to
ensure a consistency in understanding as shown in the
description of traits (Table 1). Furthermore, data were
gathered on the number of dairy animals across various
age groups, including bulls and semen, along with market
price details for all age categories of animals and dairy
products, to support the rat ionale beh ind the trait
preference. When participants found it difficult to rank all
18 characteristics, they were asked to select and rank the
ten most significant traits.

Statistical analysis
Ranking response were analyzed using descriptive
statistics and parametric multinomial ordered logit models.
The analyses on descriptive statistics include the mean
rank, pair wise and marginal ranking that estimates the
relative importance of each trait. Analysis for  descriptive
statistics were made using the destat function within the
pmr R library (Lee and Yu, 2013). The Plackett-Luce model
with covariates (PLMC) was fitted to analyze the model to
test the effect of the scale of dairy operation on trait
preference (Finch, 2022). The overall preference response
model was fitted to determine the most preferred traits for
Ethiopia highland and to assess the effect scale of farm
operation on traits preference.
Models:

Logit(αi) = β0 + β1 + β1 xj1 + β1 xj2...........+ βpxjp

Where,

....(1)n =
p (1 - p)z2

e2( )

...(2)

αi = Dairy traits preference ranking value by respondent (i).
β0 = Intercept that is fixed by the constant  αi =1.
βp= Coefficient for covariate p.
xjp= Value of covariate p for rater.

RESULTS AND DISCUSSION
Breeding objective traits
The overall preference for dairy cattle traits for both small
and large private and institutional farms were daily milk
yield, feed requirement, disease resistance, calving interval
and size of an animal which ranked as the first five important
traits with statistically significant positive values in marginal
distance at (p<0.001 and p<0.05)  in  Table 2. This findings
indicates that the types of dairy cows aspired by
respondents in this study generally preferred  high milk
yielding cows, affordable feed requirements against body
size, tolerant to disease and good viability of a cow to
replace itself within the prevailing tropical highland
environments.  This result is in line with reports from East
African studies (Kariuki et al., 2017; Chawala et al., 2019).

Farm size effect
The study also identified that the ranking order of preferred
dairy traits varied significantly with the size of the dairy
operations at (p<0.05).There is evidence of disparity of
preference in the types of traits and cows’ they want to
keep at the farm level. Preferences for traits among small
farms have indicated the rank order of daily milk yield,
disease resistance, feed requirement, calving interval and
mature body size, listed from first to fifth ranking as shown
in Table 3. The shift in ranking order at the second and
third positions compared to the rank order for pooled
analysis in Table 2 highlights the significant vulnerability of
crossbred dairy cattle among the smallholder farms to
diseases and feed availability. It confirms, disease and
feed scarcity is often the most pressing issue in
smallholder dairy operations.

Analysis on data from large private and institutional
farms had given a different order of ranking against the
small farms, except for daily milk yield as the first rank and
all other traits after the rank order of sixth, the traits like,
feed requirement, mature body size, calving interval,
disease resistance are in the rank of  second to fifth
consecutively (Table 3). The size of an animal that was not
in the best three ranks for small-sized farms had taken the
rank of third for large farms, which might suggest the desire
to own larger size cow with an expectation of higher yield.
Similarly, the preference for disease resistance trait ranked
fifth, indicating the availability of better farm management
situation among the large farms to control disease
incidence level. Analysis with the first ten best raking traits
also confirmed the same heterogeneity in order of ranking
between the two farm types. Accordingly, these traits
identified as the best preferred traits for small farms and
large dairy farms should be considered as a breeding goal
trait when developing a balanced breeding objective for
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predominantly smallholder dairy production systems in
Ethiopian highlands.

The finding in study demonstrated that the preference
of dairy cattle trait by small sized herd farms is different
from the preference by large private and institution farms.
This result is in line with literature reports from East African
studies that the large farms are more inclined to higher
milk production than for functional traits mostly preferred
by less intensive farms (Kariuki et al., 2017; Chawala et al.,
2019; Ule et al., 2024). These research finding confirmed
that small farms preferred functional traits such as
disease tolerance, feed requirement and fertility as the
most pressing goal in parallel with milk production in
smallholder dairy operations. Therefore, to meet the
intended breeding objective under a single trier breeding
program aspired for Ethiopian highlands an animal
evaluation system differentially addressing the need of
both farm types has to be established. In Smallholder
farms, which will serve as the foundational population
and where a basic recording scheme is applied strategy
of crossbred bulls semen distribution to limit the level of
exotic blood level and maintain adaptive capability of
progenies is recommendable. Accordingly, the large
private and institutional dairy farms are regarded as elite
herds, distributed throughout the milk shade in and around
major towns and will function as nucleus breeding units
for bull recruitment by the national institution of LDI. The
LDI will take the lead in managing the program, overseeing
data collection, processing and decision-making to
guarantee suitable heifer and bull replacement for the

var ious types o f farms. These scheme had been
supported by the recent published work (Hunde et al., 2024).

Limitation of the study
The limitation of this work might emanate from the bias
attributed to unproportioned representation  the dairy farm
types where the large dairy farms (23%) against the small
dairy farms (77%) might have contributed to the bias
observed in the finding of ranking order from pooled data
analysis  appeared quite outweighed by the finding from
small farms. Therefore, we recommend possible future
work either to confirm or negate this piece of work with
better sample represntation.

CONCLUSION
The overall breeding goal traits preferred by the small and
large private and institutional farms were daily milk yield,
feed requirement and disease resistance, calving interval
and body size of an animal, with ranking order of first to
fifth, respectively. However, the different order of ranking at
rank order for disease resistance, feed requirement were
observed for small size farms. Accordinlgly, a breeding
program for dairy cattle in the Ethiopian highlands should
incorporate these traits into the selection index with distinct
economic weights tailored to benefit both smallholder
farms as a base population for selection and crossbreeding
and large farms as elite herds for young bull and heifer
replacements. The authors of this work concluded that, the
level of trait preference differences in ranking patterns is
limited to a few traits that can be handled within a single
breeding program organized at national institution that

Table 3: Parameter estimates of trait worth for the small size vs. large farms as deviation of null mean.

Small farms Large farms

Trait Worth co-effa SEb Rank Worth co-effa SEb Rank

Milk yield 2.01*** 0.07 1 3.33*** 0.25 1
Disease resistant 0.92*** 0.06 2 1.19*** 0.17 5
Feed requirement 0.92 *** 0.06 3 1.13*** 0.17 2
Calving interval 0.70*** 0.06 4 1.04*** 0.19 4
Size of animal 0.58 *** 0.06 5 0.83*** 0.17 3
Reproductive eff, 0.57*** 0.06 6 0.79*** 0.17 6
Productive lifetime 0.53*** 0.06 7 0.57*** 0.17 7
Calving ease 0.36*** 0.06 8 0.36* 0.16 8
Feeding on low quality feeds 0.27*** 0.063 9 0.32ns 0.18 9
survival to 1st lac 0.21** 0.063 10 0.05 ns 0.17 10
Ease of handling 0.21** 0.065 11 -0.09ns 0.18 11
Milk fat content 0.069 ns 0.0 12 -0.26ns 0.18 12
Bone and leg strength -0.13* 0.063 14 -0.76*** 0.17 13
Heat tolerance 1.32*** 0.077 17 -0.81*** 0.17 14
Aesthetics value -0.33** 0.065 15 -0.89*** 0.17 15
Mastitis resistance 0.061ns 0.06 13 -1.77*** 0.20 16
Udder and teat length -0.42** 0.065 16 -3.41*** 0.28 17
Others -5.09*** 0.28 18 -5.75*** 0.46 18

“a”- Trait worth coefficient; Z- Standard normal distribution value; SEb- Standard error of worth coefficient.
*Significant at P<0.05; **Significant at P<0.01; ***Significant at P<0.001 and ns- Non Significant at P>0.05.
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supply crossbred young bulls to smallholder farms to limit
the proportion of exotic inheritance level so as to maintain
adaptive attribute of crossbred population. These can be
achieved through a restricted selection index and strategic
young bull use approach. It is therefore important to derive
differential economic weights to accommodate the desire
of both dairy farm  types connected through  data based
decision to be made to meet the breeding goal identified
from the study.. Similarly, the demand for higher milk
yielders with larger size cow can be also addressed
through adoption of strategies capable of creating elite
herds with appropriate selection  index that can be used
as seed sources for the crossbreeding program while
addressing the breeding goals of the large private and
institutional farms.
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