
Journal of
Animal Biology and Veterinary Medicine

mons  Attribution  License  http://creativecommons.org/licenses/by/3.0/,  which  per-
mits unrestricted use, provided the original author and source are credited.

JScholar Publishers J Anim Biol Vet 2024 | Vol 3: 103

Research Article Open Access

holder Dairy Farms of West Wallaga Zone, Ethiopia

Kefelegn Kebede1  , Lalisa Ayana1, Ararsa Duguma2, and Ashena� Getachew Megersa1*

1School of Animal and Range Sciences, Haramaya University, Ethiopia
2Livestock Development Institute, Holeta, Ethiopia

*Corresponding Author:  Kefelegn Kebede, School of Animal and Range Sciences, Haramaya University, Ethiopia, E-mail:
kebede123@yahoo.de

Received Date: October 03, 2024    Accepted Date: November 03, 2024    Published Date: November 06, 2024

Citation: Kefelegn Kebede, Lalisa Ayana, Ararsa Duguma, Ashena� Getachew Megersa1 (2024) Arti�cial Insemination E�cien- 
cy and Reproductive Performance Traits in Smallholder Dairy Farms of West Wallaga Zone, Ethiopia. J Anim Biol Vet 3: 1-11

Abstract

Ethiopia has one of the largest livestock populations in Africa, with cattle playing a crucial role in both agriculture and the
economy. However, livestock productivity, particularly in milk production, remains low due to factors such as poor genetic

Wollaga, Ethiopia. Statistical analyses, including analysis of variance (ANOVA) and multiple correspondence analysis (M-

trated superior reproductive performance compared to local breeds, with earlier reproductive maturity and shorter calving

pared to those in Guliso. Temporal trends showed improvements in conception rates, particularly in 2021 and 2022, likely

ences in reproductive performance, with crossbred cows showing better outcomes than local breeds. Environmental and ma-
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Introduction

Ethiopia  has  one  of  the  largest  livestock  popula-
tions among developing African nations.  As of  recent  esti-
mates,  the  country's  livestock  comprises  approximately  66
million  cattle,  84  million  sheep  and  goats,  19.5  million
equines,  and  41.35  million  chickens.  Among  cattle,  local
breeds dominate, accounting for 96.76% of the population,
while  crossbreeds  and  exotic  breeds  make  up  only  2.71%

ing cows in the country, with an average lactation period of
six months and a daily milk yield of 1.45 litres per cow. In

around  3.87  billion  litres  [1].

Livestock plays a crucial  role in the livelihoods of
rural communities in developing nations, providing both di-

able producers and consumers [2]. In 2017, Ethiopia's lives-
tock sector accounted for approximately 40% of agricultural
GDP, 20% of the overall GDP, and 20% of national foreign
exchange income [3].

Despite Ethiopia's vast and diverse animal genetic
resources, livestock productivity remains low due to factors
such as inadequate veterinary services,  poor genetic poten-

ly  growing  human  population  and  the  low  productivity  of
indigenous cattle  further exacerbate  the challenge of  meet-
ing  the  country's  protein  needs  [7].  Ethiopia  has  struggled

ported powdered milk to bridge the gap between domestic

largely based on smallholder subsistence farming, with ani-
mals raised for multiple purposes without specialized breed-
ing  programs  [8].  To  enhance  the  productivity  of  indige-
nous  cattle,  the  introduction  of  crossbreeding  programs
with highly productive exotic breeds has been proposed as a
viable solution [9].

ductive performance. It is widely used in developing coun-

AI has been employed for genetic improvement for several
years [11,12], making high-quality genetic material accessi-
ble to cattle farmers. However, the provision of AI services

fort is required to enhance cattle productivity and reproduc-
tive  performance  through  systematic  breeding  programs.
Furthermore, extensive research is needed to evaluate the ef-

levels.

ness in Ethiopia, these are limited in scope and not fully rep-
resentative of the country's farming conditions. Many analy-
ses have used a univariate approach, leaving gaps in unders-
tanding that could be addressed through multivariate meth-
ods  like  multiple  correspondence  analysis.  Comprehensive

the study area, little research has been conducted on the re-

dairy farms.

Materials and Methods

Description of the Study Area

Zone  Oromia  Regional  States  in  Ayira,  Guliso,  and  Boji
Dirmeji  districts  among  the  21  districts  of  this  zone.  West

ceives  an  annual  rainfall  between  1000  to  2200mm  and  is
characterized  by  a  light  rain  that  starts  in  April  and  heavy

major cash crop in this area.

Study Population and Design

al and retrospective study designs between December 2022
and  January  2023  in  West  Wollega.  For  the  retrospective

case books) were collected from animal health clinics in the



3

JScholar Publishers J Anim Biol Vet 2024 | Vol 3: 103

productive  performance  of  dairy  cows.  Key  reproductive

calving (AFC: the age of a heifer when she gives birth to her

successful conception), calving interval (CI: the duration be-
tween two successive calvings for a cow), and number of ser-
vices per conception (NSPC: the average number of insemi-

nations required to achieve a successful pregnancy).

service recording books of inseminators in the districts’ ani-

tive  performance  of  dairy  cows  by  examining  the  relation-
ship between the total number of inseminated cows, concep-
tion rates, and calf birth rates between 2019 and 2022.

Figure 1: Study area map

Data Analysis

For  all  statistical  data  analyses  (analysis  of
variance  and  multiple  correspondence  analysis),  SAS  JMP
Pro version 18 [13] was used.

Analysis  of  Variance:  Reproductive  performance

traits (AFS, AFC, CI, DO, NSPC) were subjected to a two-
way analysis of variance using the general linear model pro-

breed and parity. Treatment means were separated using

employed was:

Yij = Observed value of the reproductive performance traits (AFS, AFC, CI, DO, NSPC)

µ = Overall mean

Bi 
th breed of cow (i = 2: local, crossbred)

Dj 
th district (j = 3: Ayira, Boji, and Guliso)

εij = Random residual error term
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Multiple Correspondence Analysis (MCA) was ap-
plied to retrospective data collected between 2019 and 2022.

of  cows  (conceived  or  not  conceived),  delivery  status  of
pregnant cows (delivered or aborted), and the sex of calves
(male or female) in each district studied. MCA was used to
explore  associations  among  these  categorical  variables,
along with the year of  data collection (2019–2022) and the
district (Ayira, Boji, or Guliso), to identify patterns and rela-
tionships within the dataset.

Results and Discussions

mance Traits

parison  of  various  reproductive  performance  traits,  by
breed  types  (crossbred  and  local)  across  the  three  districts

the stacked bars: Age at First Service (AFS), Number of Ser-
vices  per  Conception (NSPC),  Age  at  First  Calving  (AFC),
Days Open (DO), and Calving Interval (CI).

Figure 2: Stacked bar chart of the reproductive performance traits by breed and district

Breed and District Comparison

Crossbred  Cows:  Across  all  districts,  crossbred
cows generally show lower values in AFS, AFC, DO, and CI

ciency. For instance, crossbred cows in each district have
lower overall stacked bar heights compared to their local
counterparts, demonstrating earlier maturity and faster post-
partum recovery.

Local  Cows:  Local  cows  in  each  district  have
notably higher values across all reproductive traits, resulting

and longer recovery intervals, which are less optimal for re-

Ayira District: In Ayira, local cows show the high-
est  combined  reproductive  trait  values,  suggesting  they
reach reproductive milestones later and have longer recov-
ery periods post-calving compared to crossbred cows in Ayi-

ra, reaching reproductive maturity and recovering postpar-
tum faster than local cows.
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Boji  Dirmeji  District:  The  differences  between
crossbred and local cows in Boji Dirmeji are similar, with lo-
cal cows exhibiting higher AFS, AFC, DO, and CI values.

in reproductive traits compared to local cows.

Guliso District: Crossbred cows in Guliso contin-
ue to outperform local cows, although the gap in reproduc-
tive traits  between breeds appears slightly narrower here
than in Ayira and Boji Dirmeji. However, local cows in Guli-
so still exhibit greater reproductive trait values than cross-

cial.

ANOVA  Results  of  the  Reproductive  Performance
Traits

Two-way ANOVA was conducted to assess the ef-
fects  of  cow breed (local  vs.  crossbred)  and district  (Ayira,
Boji,  and  Guliso)  on  reproductive  performance  traits,  in-
cluding  Age  at  First  Service  (AFS),  Age  at  First  Calving
(AFC),  Days Open (DO), Calving Interval  (CI),  and Num-

ductive traits,  providing insights into how these factors in-

Table 1: Least square means results of reproductive performance traits

AFS
LSM±SE
(Months)

AFC
LSM±SE
(Months)

DO
LSM±SE
(Months)

CI
LSM±SE
(Months)

NSPC
LSM±SE

District

Ayira 38.65
ab

±0.26 48.13
ab

±0.27 168.09
b

±3.08 15.09
ab

±0.1 2.1±0.07

Boji Dirmeji 39.27
a

±0.26 48.76
a

±0.27 178.56
a

±3.08 15.38
a

±0.10 2.0±0.07

Guliso 38.29
b

±0.26 47.77
b

±0.27 164.47
b

±3.08 14.95
b

±0.10 2.0±0.07

P value 0.0254 0.0279 0.0031 0.0096 0.5671

Cow Breed

Local 45.38
a

±0.16 54.87
a

±0.18 197.11
a

±2.13 16.03
a

±0.07 2.1±0.05

Crossbred 32.09
b

±0.26 41.56
b

±0.26 143.64
b

±3.03 14.25
b

±0.10 1.9±0.07

P value 0.0001 0.0001 0.0001 0.0001 0.0577

a,b

per conception.

most reproductive traits, except for the number of services
per conception (NSPC). Crossbred cows reached reproduc-

45.4 months for local breeds (p < 0.0001). A similar trend

calving earlier (41.6 months) than local cows (54.9 months,
p  <  0.0001).  These  findings  support  previous  research,
which suggests that crossbreeding improves reproductive ef-

ficiency  by  enhancing  growth  and  reproductive  traits
through genetic advancements [14].

Additionally, the days open (DO) period was short-
er  for  crossbred  cows  (143.6  days)  than  for  local  breeds
(197.1 days, p < 0.0001), indicating faster resumption of re-

to  a  reduced  calving  interval  (CI)  for  crossbreds  (14.3
months)  compared  to  local  breeds  (16.0  months,  p  <
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ter  reproductive  performance,  potentially  due  to  improved
hormonal balance and fertility [15]. While NSPC was slight-
ly  lower  for  crossbreds  (1.9)  compared  to  local  cows  (2.1),

indicating similar insemination success rates across breeds.

outperform  local  breeds  in  key  reproductive  traits,  includ-
ing earlier maturity and shorter recovery intervals between

ences in reproductive performance are primarily related to
maturation and recovery, rather than insemination success.

District  Effects:  The  reproductive  traits  also

ji district had the highest mean (39.3 months), while Guliso
had the lowest (38.3 months, p = 0.0254). A similar pattern

mean (48.8 months) compared to Guliso (47.8 months, p =

conditions, management practices, or resource availability
may delay reproductive maturity in some districts [17].

cantly  higher  than  Ayira  (168.1  days)  and  Guliso  (164.5

lenges  related  to  fertility  or  postpartum  recovery,  possibly
linked  to  feed  quality  or  reproductive  health  management
in  Boji  [18].  Similarly,  the  CI  in  Boji  (15.4  months)  was
longer than in Guliso (15.0 months, p = 0.0096), indicating
potential  issues  with  reproductive  recovery  or  delayed  re-

across  districts  (p  =  0.5671),  suggesting  that  insemination
success was relatively consistent regardless of location.

on reproductive traits. Crossbred cows consistently demons-
trated superior reproductive performance, while cows in the

tance of selecting appropriate breeds and adapting manage-
ment practices to local conditions to improve reproductive

ductivity  and  sustainability  in  cattle  production  systems

tors, such as feed quality and veterinary services, to further
improve  reproductive  performance,  particularly  in  regions
with longer reproductive intervals.

and CI,  varied across  districts  (Ayira,  Boji,  and Guliso),

agement factors.  For instance,  Boji  exhibited the highest
mean AFS and AFC, suggesting that cows in this district
took longer to reach reproductive maturity than those in

and other environmental supports necessary for optimal re-
productive development.

In Boji, cows also experienced the longest DO and
CI,  indicating  challenges  related  to  postpartum  recovery

suggest  possible  issues  with  fertility  or  postpartum  health

such  as  nutritional  resources,  veterinary  care  availability,

variation underlines  the  importance  of  adapting reproduc-
tive  management  to  address  unique  environmental  chal-

trict.

Environmental and Management Practices as In-

tors, including feed quality, healthcare access, and possibly

favourable conditions for  reaching reproductive maturity
earlier. Similarly, the shorter DO and CI in Guliso indicate
a faster return to fertility postpartum, possibly due to better
feed or health management, which supports quicker recov-
ery and rebreeding.

Implications  for  Reproductive  Management:
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tive management strategies. By understanding the environ-
mental and management constraints in each district, farm-
ers can tailor interventions—such as improved feeding pro-
grams or enhanced veterinary services—to mitigate delays
in  reproductive  traits  and  enhance  overall  productivity.

be crucial in optimizing reproductive performance, making
it essential for breeders and dairy farmers to consider local
environmental conditions and adapt practices accordingly
to improve reproductive outcomes sustainably.

Pearson Chi-Square Test of Independence and Mul-
tiple Correspondence Analysis (MCA)

A Pearson chi-square test of independence as well

as  MCA were  conducted to  determine the  relationship be-

2020,  2021,  2022)  on  conception  status  (conceived  or  not
conceived),  delivery  status  (healthy  calf  born  (HCB)  or
aborted),  and  sex  of  calf  born  (female/male).

Conception  Status  (conceived/not  conceived)  of
Inseminated  Cows

Pearson Chi-Square Test of Independence: Table 2
below shows the results of the conception status of insemi-

tions between district, year, and conception status, suggest-
ing that both geographical  location and temporal factors

Table 2: Conception status of inseminated cows

Variable Year X
2

P-Value

2019 2020 2021 2022

Ayira Not conceived 77 (11.72) 78 (11.87) 67 (10.20) 60 (9.13) 53.555 0.0001

Conceived 33 (5.02) 115 (17.5) 74 (11.26) 153 (23.29)

Boji Not conceived 103 (8.76) 104 (8.84) 108 (9.18) 100 (8.5) 59.212 0.0001

Conceived 108 (9.18) 101 (8.59) 290 (24.66) 262 (22.28)

Guliso Not conceived 123 (7.42) 151 (9.11) 168 (10.14) 156 (9.41) 56.996 0.0001

Conceived 102 (6.16) 351 (21.18) 234 (14.12) 372 (22.45)

For Aira district, the chi-square test indicated a sig-

= 53.555, p = 0.0001. Notably, the number of cows that con-
ceived increased over  time,  peaking  in  2022 with  153  con-
ceived cows,  while  the  number  of  non-conceived cows de-

tern  suggests  an  improvement  in  conception  outcomes  in
Aira,  potentially  due  to  improved  herd  management  prac-
tices, environmental conditions, or veterinary interventions
[20].

cows  dramatically  increased  from  108  in  2019  to  290  in
2021, although there was a slight decline in 2022 (262 con-

Despite the slight drop in 2022, conception rates remained
higher than in 2019, showing consistent improvements over
time.

substantial increase in conceived cows from 102 in 2019 to
372  in  2022,  alongside  a  decrease  in  non-conceived  cows,

ese results suggest that Guliso, like the other districts, experi-
enced an upward trend in conception rates, with 2022 being

improvements may include enhanced fertility protocols, im-
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proved nutrition, and targeted insemination timing [21].

Overall,  the  results  indicate  that  both district  and

inseminated  cows.  Each  district  demonstrated  a  positive
trend in conception rates,  particularly in later years,  which
could be attributed to several factors such as advancements
in reproductive technologies,  environmental  conditions,  or

cant p-values across all districts suggest that these improve-

systematic changes in management and environmental con-
ditions over time. Further studies are recommended to ex-

and  to  determine  if  these  improvements  are  sustainable  in
the long term.

Multiple Correspondence Analysis (MCA)

MCA  was  conducted  to  explore  the  associations
among conception status (conceived vs. not conceived), dis-
trict (Ayira, Boji, Guliso), and year (2019, 2020, 2021, 2022).

analyzing  inertia,  chi-square  statistics,  and the  distribution
of contributions across dimensions.

Inertia and Singular Values: 
six dimensions, accounting for the total inertia of the da-

with a singular value of 0.62184 and a chi-square value of
4098.2.  This  was  followed by  dimensions  that  explained
18.25%, 17.27%, 16.26%, 14.88%, and 14.01%, respectively,
culminating in a cumulative explanation of 100% of the iner-

among the variables [23].

Table 3: Principal inertias, percentages, column coordinates and partial contributions of conception status

Singular values and inertia Column coordinates Partial Contribution

SV Inertia X
2

Per cent Attribute Dim 1 Dim 2 Dim 1 Dim 2

0.62184 0.38669 4098.2 19.33 Aira -0.582 -0.174 0.05504 0.00519

0.60415 0.36500 3868.4 18.25 Boji 1.033 -0.264 0.31002 0.02144

0.58763 0.34531 3659.7 17.27 Guliso -0.502 0.256 0.10326 0.02846

0.57033 0.32528 3447.4 16.26 2019 0.696 1.072 0.06532 0.16404

0.54552 0.29760 3154.0 14.88 2020 -1.045 0.573 0.24287 0.07724

0.52926 0.28012 2968.8 14.01 2021 0.867 -0.154 0.17483 0.00585

2022 -0.232 -0.866 0.01460 0.21656

Conceived -0.094 -0.342 0.00620 0.08756

Not conceived 0.421 1.539 0.02786 0.39367

SV = singular value; X2 = chi-square; Dim = dimension

Contribution  of  Districts  to  Inertia:  Districts
showed distinct patterns across dimensions. Boji had the

cating a strong relationship with the variables in that dimen-
sion. Aira and Guliso contributed less to this dimension,
with  contributions  of  0.05504  and  0.10326,  respectively.

terest [24]. District Boji's coordinates (1.033, -0.264) suggest
a strong association with Dimension 1, reinforcing the dis-

by 2021 (0.17483) and 2019 (0.06532), while the year 2022
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(coordinate -1.045 in Dimension 1) contrasts sharply with

tive values in Dimension 1 suggests a year of lower concep-

health or environmental factors [25].

Conception Status:  Conception status revealed a
marked association with both dimensions, especially Dimen-

tion  to  Dimension  2  (0.39367),  which  was  significantly
greater than the contribution of the "Conceived" category

non-conception across the variables than in conception. In
particular,  the position of "Not conceived" (0.421,  1.539)
suggests its closer association with certain years or districts,

Figure 3: A bi-plot display of the conception status of inseminated cows

stands out as a district where conception status, particularly

encing fertility 27]. Furthermore, the clustering of non-con-
ception in certain years may hint at broader socioeconomic

tion of "Not conceived" with both temporal and geographic

suggest that these factors play an important role in unders-

tween  non-conception  and  both  district  and  year  unders-
cores the need for a more nuanced understanding of the fac-

underlying causes of these patterns, particularly in districts
like Boji and during years like 2020, to better inform public
health interventions and policy [23,24].
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Delivery Status (healthy calf birth/aborted) of Preg-
nant Cows

Pearson Chi-Square Test of Independence: Table 4
below  shows  the  results  of  the  delivery  status  of  pregnant

between  district,  year,  and  delivery  status,  suggesting  that
both  geographical  location  and  temporal  factors  played  a

Table 4: Delivery status (healthy calf born / aborted) of pregnant cows across study districts

Variable Year X
2

P-Value

2019 2020 2021 2022

Ayira HCB 23 (6.13) 82 (21.87) 45 (12.0) 103 (27.47) 2.341 0.5046

Aborted 10 (2.67) 33 (8.8) 29 (7.73) 50 (13.33)

Boji HCB 80 (10.51) 81 (10.64) 223 (29.3) 230 (30.22) 14.192 0.0027

Aborted 28 (3.68) 20 (2.63) 67 (8.8) 32 (4.2)

Guliso HCB 68 (6.42) 276 (26.06) 177 (16.71) 305 (28.8) 11.925 0.0076

Aborted 34 (3.21) 75 (7.08) 57 (5.38) 67 (6.33)

HCB = healthy calf born

In Aira, the results revealed that there was no sta-

calves born (HCB) and aborted deliveries remained relative-
ly consistent over the four years, with 23 HCB and 10 abort-
ed in 2019, increasing to 103 HCB and 50 aborted in 2022.

that temporal variations in delivery status in Aira were not

dicating  that  environmental  and  management  factors  may
not  always  show  consistent  year-to-year  variation  within

number of healthy calves born increased steadily from 80 in

outcomes, such as veterinary interventions or environmen-

creasing HCB rate and relatively stable abortion numbers re-

known  to  reduce  pregnancy  losses  in  cattle  [29].

.0076.  Healthy  calves  born  increased  dramatically  from  68
in 2019 to 305 in 2022, while abortion numbers showed less

tors, such as changes in farming practices, animal health in-
terventions,  and climatic  conditions,  on delivery  outcomes

erinary interventions and improved herd management con-
tributed  to  higher  rates  of  healthy  deliveries  in  rural  dis-
tricts [31].

Overall, the results underscore that while some dis-

in delivery outcomes over time, others, like Boji and Guliso,

terventions,  possibly  related  to  veterinary  care,  climate,  or
nutrition, have played a crucial role in improving pregnan-
cy outcomes in these areas [32]. Further research could in-
vestigate the underlying causes of these temporal improve-
ments  to  identify  best  practices  that  can  be  applied  across
similar contexts.
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Multiple Correspondence Analysis (MCA)

MCA  was  conducted  to  explore  the  association
among categorical variables:  delivery status (healthy calf
born [HCB] or aborted), district (Aira, Boji Dirmeji, and

relationships among these variables, which are summarized
below.

Singular values and inertia contributions:

= 3693.1,  Singular Value = 0.63218).  Subsequent dimen-
sions  explain  smaller  proportions,  with  the  second  and

ture 71.01% of the variance in the dataset, while the remain-

the meaningful variability, providing insights into the rela-
tionships among variables [23].

Table 5: Principal inertias, percentages, column coordinates and partial contributions

Singular values and inertia Column coordinates Partial contribution

SV Inertia X
2

Per cent Attribute Dim 1 Dim 2 Dim 1 Dim 2

0.63218 0.39965 3693.1 19.98 Aira -0.606 0.942 0.05588 0.15216

0.59551 0.35464 3277.2 17.73 Boji Dirmeji 1.035 -0.274 0.28255 0.02233

0.58485 0.34205 3160.9 17.10 Guliso -0.432 -0.170 0.07814 0.01363

0.56913 0.32391 2993.2 16.20 2019 1.017 1.497 0.11584 0.28267

0.54909 0.30150 2786.1 15.07 2020 -0.881 0.692 0.15578 0.10843

0.52750 0.27826 2571.4 13.91 2021 0.640 -0.840 0.09669 0.18782

2022 -0.309 -0.380 0.02727 0.04628

Aborted 1.237 1.161 0.16373 0.16271

HCB -0.182 -0.171 0.02411 0.02396

SV = singular value; X2 = chi-square; Dim = dimension; HCB = healthy calf born

Dimensional  Contributions  and  Interpretation:

mension, Boji Dirmeji (1.035), 2019 (1.017), and Aborted
delivery status (1.237) are positioned on the positive side,
suggesting a  strong association between these  categories.
Conversely, Aira (-0.606), Guliso (-0.432), and the HCB cat-
egory (-0.182) are negatively associated with this dimen-
sion. The second dimension shows that Aira (0.942) and
2019 (1.497) are positively associated, while Boji Dirmeji
(-0.274) and 2021 (-0.840) exhibit negative contributions.

more strongly linked to Boji  Dirmeji  and the year 2019,
whereas Aira and HCB deliveries are more closely aligned

with subsequent years, particularly 2021 and 2022.

the  variation  (72.79%),  while  the  second  dimension  only
adds  an  additional  7.51%,  suggesting  diminishing  returns

[34].

Associations Among Variables: Analysis of par-
tial contributions provides further insights into the key con-
tributors to inertia. District Boji Dirmeji and the year 2020
contribute  most  to  the  first  dimension  (0.28255  and
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0.15578, respectively), indicating that abortion cases are dis-
proportionately concentrated in this district and during this
year. Aira and Guliso contribute less to this dimension but
exhibit higher contributions in the second and third dimen-
sions. For example, Aira’s contribution to Dimension 2 is

substantial  (0.15216),  which  corresponds  to  a  relatively
strong positive association with the healthy calf deliveries in
later years, as indicated by the negative association between
Aira and the Aborted delivery status (0.05588 contribution
to Dimension 1).

Figure 4: A bi-plot display for the delivery status of pregnant cow

Dirmeji,  in  particular,  exhibits  a  strong  association  with
higher  abortion rates,  especially  during  the  earlier  years  of

sibly  related  to  veterinary  care  and  management  practices,

[34].

Moreover, the shift in contributions to HCB deliv-
eries  in  later  years,  especially  in  Aira  and  Guliso,  suggests

attributed to improved herd management, veterinary inter-
ventions, or changes in environmental conditions that have
positively impacted calving outcomes [35].

In conclusion, the MCA results underscore the im-
portance  of  considering  both  spatial  and  temporal  factors
when  examining  reproductive  outcomes  in  cattle.  Boji
Dirmeji emerges as a critical area for targeted interventions,
particularly  to  reduce  the  high  incidence  of  abortion  ob-
served.  Furthermore,  the  observed  improvements  in  deliv-
ery  outcomes  in  Aira  and  Guliso  provide  promising  evi-
dence  of  the  positive  impact  of  interventions  over  time.

Sex of Calf Born (female / male) from Preg-
nant Cows

Pearson Chi-Square Test of Independence

Table 6 below shows the results of sex of calf born

cant  associations  between  district,  year,  and  sex  of  calf,
suggesting that both geographical location and temporal fac-
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Table 6: Sex of calf born across study districts

Variable Year X
2

P-Value

2019 2020 2021 2022

Ayira Female 12 (4.74) 40 (15.81) 23 (9.09) 45 (17.79) 1.090 0.7795

Male 11 (4.35) 42 (16.6) 22 (8.69) 58 (22.92)

Boji Female 31 (5.04) 43 (7.0) 104 (16.94) 123 (20.03) 6.249 0.1001

Male 49 (7.98) 38 (6.19) 119 (19.38) 107 (17.43)

Guliso Female 32 (3.87) 128 (15.49) 85 (10.29) 151 (18.28) 0.592 0.8982

Male 36 (4.36) 148 (17.92) 92 (11.14) 154 (18.64)

In Ayira, the number of female calves born ranged
from  12  in  2019  to  45  in  2022,  while  the  number  of  male

chi-square test yielded a chi-square value of 1.090 with a p--

tion of male and female calves across the years is relatively

not have a meaningful impact on calf sex distribution in this
district [36].

In Boji, the distribution of female calves varied sig-

2019 and 123 in 2022. Similarly, the number of male calves

for  Boji  was  6.249,  with a  p-value of  0.1001.  Although this

dence  to  conclude  that  the  distribution  of  calf  sex  in  Boji

female calves in recent years compared to earlier years may
warrant further investigation into potential underlying caus-

Boji [37].

In Guliso, a high number of both female and male
calves  were  born  in  2022,  with  151  female  calves  and  154

between the year and the sex of calves born. Similar to Ayi-
ra, these results suggest that the distribution of calf sex did

conditions  in  Guliso  that  are  less  sensitive  to  temporal
changes  [38].

Multiple Correspondence Analysis (MCA)

MCA  was  conducted  to  explore  the  association
among categorical variables: sex of calf born (female/male),
district  (Aira,  Boji  Dirmeji,  and  Guliso),  and  year

among  these  variables,  which  are  summarized  below.

Overview of Inertia and Dimensions:
and singular values indicate the proportion of variability ex-

for the highest percentage of variance, contributing 19.17%

0.58797) of the variability, respectively. Cumulatively, the

with  diminishing  contributions  from  additional  dimen-

variability in the data is captured by the first few dimen-
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Table 7: Principal inertias, percentages, column coordinates and partial contributions of sex of calf born

Singular values and inertia Column coordinates Partial contribution

SV Inertia X
2

Per cent Attribute Dim 1 Dim 2 Dim 1 Dim 2

0.61927 0.38349 3075.0 19.17 Aira -0.675 1.163 0.07455 0.24224

0.59173 0.35015 2807.7 17.51 Boji 1.130 0.00902 0.33618 2.35e-5

0.58797 0.34570 2772.0 17.29 Guliso -0.423 -0.435 0.07927 0.09174

0.56770 0.32229 2584.2 16.11 2019 0.722 1.828 0.05599 0.39252

0.56247 0.31637 2536.8 15.82 2020 -1.207 0.106 0.30698 0.00258

0.53104 0.28200 2261.2 14.10 2021 0.756 -0.558 0.14046 0.08372

2022 -0.029 -0.266 0.00026 0.02372

Female -0.089 -0.434 0.00330 0.08552

Male 0.081 0.396 0.00301 0.07793

SV = singular value; X2 = chi-square; Dim = dimension

Associations  Across  Districts,  Years,  and Calf
Sex:  The column coordinates for districts show that Boji

sion, while Aira (-0.675) and Guliso (-0.423) are negatively

sion.  The  second  dimension  further  distinguishes  Aira
(1.163) from Guliso (-0.435), suggesting notable regional dif-
ferences in the patterns of calf births.

(0.722)  is  positively  associated  with  Dimension  1,  while

trasting patterns of calf births, with more favourable condi-
tions or management practices likely present in one year ver-

stantiate  this  observation,  showing  a  large  contribution

during that year [34].

Similarly,  the  year  2021  (0.756)  positively  con-

than 2019. In contrast, the year 2022 (-0.029 for Dimension

1 and 0.9127 for Dimension 3) shows a shift in trends, with
an emphasis on Dimension 3, suggesting a relationship be-

that  the  proportion  of  female  calves  in  2022  is  more  pro-
nounced, as seen in the strong positive association with fe-
male  calf  births  in  Dimension  3  (0.6265),  compared  to
males  (-0.5709).

Sex of Calves and Temporal Patterns:
calves shows a less pronounced association with the first

Female calves are negatively associated with Dimension 1
(-0.089) and Dimension 2 (-0.434) but positively associated
with Dimension 3 (0.6265), suggesting that the variability in
female births aligns with more complex factors captured in
this third dimension. Male calves exhibit an opposite trend,
with positive contributions to Dimension 1 (0.081) and Di-
mension 2 (0.396) but negative association in Dimension 3

Partial Contributions:
to inertia further clarify the significance of  specific  vari-

mension (0.33618), suggesting that calf births in this district

sion, potentially including management practices or envi-
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ronmental conditions. Aira’s contributions to Dimension 2
(0.24224) and Dimension 1 (0.07455) also highlight the re-
gion’s distinctive birth patterns.

tributing heavily to Dimension 1 (0.30698), aligning with its

2019, on the other hand, makes substantial contributions to
Dimension 2 (0.39252), reinforcing the year’s unique charac-
teristics in relation to calf births. Additionally, the high con-
tribution of 2022 to Dimension 3 (0.28259) further supports
the year’s distinct pattern concerning the sex of calves.

Figure 5:

pled with the distinct birth patterns in 2020, suggests region-
al  and  temporal  factors,  such  as  environmental  conditions
or  livestock  management  practices,  played  a  role  in  calf
births  during  the  study  period.  Previous  research  supports

tock reproductive outcomes [35].

greater  proportion  of  female  calves  in  2022,  may  indicate

aligns with studies showing that livestock management im-

districts,  year, and the sex of calves born. Boji Dirmeji and
the  year  2020  emerge  as  key  contributors  to  variability  in
calf births, while the year 2022 shows a distinct pattern with

the importance of considering both spatial and temporal fac-
tors  in  livestock  reproductive  management,  and  they
suggest opportunities for targeted interventions to improve
birth outcomes.

Conclusion

hibit superior reproductive performance compared to local
breeds, as indicated by earlier reproductive maturity, short-
er  calving  intervals,  and  enhanced  fertility.  District-level

like  Boji,  showing  delayed  reproductive  recovery,  while
others, such as Guliso, displayed better outcomes. Temporal
trends highlighted improved conception rates across all dis-
tricts,  particularly  in  2021  and  2022,  driven  by  better  herd
management and veterinary interventions.

However,  limitations such as  the study’s  focus on
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comes in a broader range of regions and incorporate more
advanced  genetic  and  environmental  analyses  to  develop
tailored  strategies  for  improving  cattle  productivity.
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