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ABSTRACT

The study was conducted before the ignition (before October 2020) of the war in Tigray Region, Ethiopia. Artificial insemination 
(AI) is the first generation biotechnology and is one of the assisted reproductive techniques (ART) that greatly plays for a faster 
genetic improvement of farm animals. Though AI was implemented in cattle crossbreeding for many decades in Ethiopia, 
there is quite insignificant national output of crossbred cattle population (1.54 %). The aim of the survey was to assess the 
efficiency of AI service in cattle production in the Western Zone of Tigray Region, Ethiopia. Twenty (20) Kebeles and 353 
small-scale farmers were purposively involved in the household face-to-face survey interview. The data were analyzed using 
Statistical Package for Social Sciences (SPSS), and summarized by mean, frequency and percentages. The survey indicated 
that the existing reproductive efficiency of cattle AI service in the Western Zone of Tigray Region, Ethiopia was extremely 
poor. The mean number of services per conception (NSC) was very high that could be due to mainly inappropriate heat 
detections. The recommended, acceptable and excellent grade of NSC fall in the range of 1 − 1.7. The overall conception 
rate at first insemination (CRFI) was also very poor (20.4 %) and thus calving rate (CR) was poor (20.5 %). About one-third 
(33.4 %) of the respondents indicated that cows and heifers exhibited heat in 0:01 − 6:00 am of the day. About 30.9 % and 
28.6 % of the respondents reported that their cows and heifers were inseminated in 9 − 12 hours and 4 − 8 hours after the 
onset of heat, respectively. The majority (70.8 %) of the respondents did not practice controlled mating and breeding, and the 
first preference of 50.1 % of the respondents was natural mating. The most common source of bulls for about 34.3 % of the 
respondents was from neighbors and followed by own bred bulls (30.0 %). Cattle AI feasibility study and identification of AI 
strategic interventions should be the first focus to improve the existing poor AI efficiency of the study area.
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INTRODUCTION

The rural sedentary areas of Ethiopia are a host 
for about 60.4 million cattle population. About 54.7 % 
of the total cattle population constitutes female cattle 
and the remaining 45.3 % of the total population is 
male cattle. More than ninety-eight percent of the 
total cattle population in the country are local breeds 
whilst crossbred and pure exotic breeds accounted for 
about 1.54 % and 0.22 %, respectively (CSA, 2018). 
Zebu (Bos indicus) cattle have low potential for meat 

and milk production, and meet only 35 % of the human 
requirements although they are multipurpose animals 
(Landiver et al., 1985; Mukasa-Mugerewa, 1989). The 
main limiting factor influencing production efficiency 
in dairy and beef cattle is reproduction (Diskin and 
Sreenan, 2000).

Artificial insemination (AI) in cattle has been 
commercially available at global level since the 1930's  
(Foote, 2002). AI has been used for genetic improvement  
through proven sires, keeping accurate breeding records 
and reducing risk of venereal disease transmission  



30

Slovak Journal of Animal Science, 56, 2023 (3): 29–43 | Mekonnen & Berhe: Original paper

compared with natural mating (Hafez, 1993). The practical  
solution to improve the low productivity of Ethiopian 
indigenous cattle was by selection and crossbreeding of 
the indigenous cattle breeds with high-producing exotic 
cattle (Tadesse, 2002). Ethiopian cattle crossbreeding  
work was initiated in the early 1950s, and was not 
began based on clearly defined breeding policy with 
regard to the level of exotic blood inheritance and the 
breed types to be used. The unplanned crossbreeding 
had also threatened the genetic resources base of 
Ethiopia (Aynalem et al., 2011). Crossbred dairy cattle in  
Ethiopia are mainly crosses of Zebu and Holstein 
Friesian (Nuraddis and Ahmed, 2017). Ethiopian cattle  
breeding is mostly uncontrolled, and genetic improvement  
is difficult (Tegegn and Zelalem, 2017). There are quite 
insignificant total numbers of crossbred female cattle 
produced through the crossbreeding programme for 
many decades in Ethiopia indicating unsuccessful 
crossbreeding through AI (Sinishaw, 2004; Desalegn, 
2008; CSA, 2011). 

Reproductive biotechnology cannot be dealt as  
the solution for poor management. Genetic improvement  
can only be attained when good practices in livestock 
management are practiced. Good practices in animal  
husbandry, animal health and nutrition, and reproduction  
are essential for the application of biotechnologies 
(Bertolini and Bertolini, 2009). AI is the first generation 
biotechnology and application of AI in cattle can increase  
up to 50 % genetic progress using either extended 
semen that has been preserved in liquid form (fresh, or  
cooled to 5 oC), or deep-frozen (Vishwanath, 2003). The 
use of AI had a major impact on genetic improvement 
programs in developed countries due to 1 up to 1.5 % 
annual rates of genetic gains in dairy cattle (Lohuis, 
1995). However, the accuracy of oestrus detection is  
one of the major factors that determine the conception 
rate since ova remain viable for only about 12 − 18 hours 
after ovulation (Bekana, 1991; Rodriguez-Martinez,  
2000) whereas sperm viability is only for 24 hours of 
its insemination (Dalton, 2011).

Number of services per conception (NSC), days  
open and calving interval (CI) are important reproductive  
traits that are crucial for determining the profitability of 
dairy production (Lobago et al., 2007). Delayed age at 
sexual maturity and first calving, high NSC and longer CI 
are major areas of reproductive loss in cattle (Mukasa-
Mugrewa, 1989; Alberro, 1983). Delayed age at first 
calving increases the cost of rearing and decreases 
lifetime milk production (Van Pelt, 2016). First service 

conception rate is extremely important to evaluate 
the percentage of pregnant females at first service 
(Ganchou et al., 2005). NSC is significantly influenced 
by the genetic constitution of dairy animals, and was 
demonstrated in three local Ethiopian breeds which 
comprised the Barka, Horro and Boran and crossbred 
cows (Azage et al., 1981).

Reproductive failure is a major source of 
economic loss in dairy and beef industry (Perry, 2005). 
The efficiency of AI service in Ethiopia is at a very 
low level due to low accessibility of infrastructure, 
managerial and financial constraints, poor heat 
(oestrus) detection, improper timing of insemination 
and death of embryo (Shiferaw et al., 2003; Tesfaye 
et al., 2015). Undetected oestrus, low AI-submission 
rates, and long inter-breeding intervals are the main 
contributors to poor reproductive efficiency (Ambrose 
and Colazo, 2007). Artificial insemination technicians 
(AITs) are also vital in semen handling and performing 
inseminations (Boettcher and Perera, 2007). There are  
reproductive management tools such as oestrus 
synchronization that involves induction of oestrus 
in a group of females to breed relatively in around 
the same time (Schafer et al., 2007; Rick, 2013). This 
reproductive technique can help in improving overall 
reproductive performances of cows.

Tesfay et al. (2019) reported on the assessment 
and analysis of the participatory agricultural production  
constraint appraisal of the Western Zone of Tigray, 
Ethiopia, and it was noted that efficiency of cattle 
AI service was unknown. Moreover, the small-scale 
farmers were complaining about the efficiency of cattle 
AI service. Assessment of the practical implications 
on the efficiency of cattle AI service was compulsory. 
Therefore, the objective of this assessment was to 
know the information on the efficiency of cattle 
AI service, mating practices, insemination times, 
insemination time practice of AITs, and awareness of 
farmers on oestrus synchronization in cattle breeding 
and production.

MATERIAL AND METHODS

Description of the study areas
The survey was carried out in Kafta Humera, 

Tsegede and Welkait districts of Tigray Region, Ethiopia. 
Kafta Humera district has two agro-ecologies which 
consist of 85.7 % lowland (kola) and 14.3 % midland  
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(weina dega). Welkait district has also two agro-
ecologies which include 60 % lowland (kola) and 40 % 
midland (weina dega). Tsegede district has three 
agro-ecologies which comprise 69.5 % lowland (kola), 
21.7 % midland (weina dega) and 8.6 % high land 
(dega). Kafta Humera district is characterized by an 
altitude of 500 − 1849 meters above sea level (masl), 
rainfall of 650 − 750 millimeters (mm) and temperature 
of 25 − 48 oC. Welkait district is characterized by an 
altitude of 700-2354 masl, rainfall of 700 − 1800 mm 
and temperature of 17.5 − 25 oC. Tsegede district is  
also characterized by an altitude of 680 − 3008 masl,  
rainfall of 1200 − 2500 mm and temperature of 12 − 35 oC  
(Tesfay et al., 2019).

Kafta Humera district is the lowland part of 
the Western Zone of Tigray Region, Ethiopia whereas 
Welkait and Tsegede districts are the highland areas of 
the Western Zone of Tigray. The land use types of Kafta 
Humera district include arable land (54.19 %), forestry 
land  (33.44 %), pasture land/grazing land (5.13 %) and 
other land use type (8.08 %), and the soil types of the 
district are vertisol (90 %), loam (5 %), sandy soil (5 %). 
The land use types of Welkait district are cultivated 
land (38.82 %), grazing land (18.04 %), forest land 
(18.83 %), housing (4.69 %) and mountain and rugged 
land (19.62 %), and the soil types of the district are clay 
(35.7 %), silt (40.8 %) and silt loam (23.5 %). Arable land 
(93 %), forest land (34.9 %), grazing land (22 %), bush 
(8.65 %), shrubs (3.7%), settlement (8.6 %) and others 
(9.29 %) are the land use types of Tsegede district, and 
the soil types of Tsegede district are clay (47.2 %), sand 
(33.6 %) and silt (19.2 %) (Tesfay et al., 2019).

Data collection

Sample size, sampling technique and data collection 
methods

The survey was conducted in twenty (20) rural 
and peri-urban Kebeles, 353 small-scale farmers and 
10 AITs, and purposive sampling was used to select 
Kebeles (lowest administrative units), households 
(small-scale farmers) and AITs. Kebeles with more 
cattle AI service beneficiaries and households who 
bred animals two years and above were involved in 
the face-to-face survey interview. The study Kebeles 
were categorized as lowland, midland and highland 
agro-ecologies. The cattle genotypes in the small-

scale farmers were Arado cattle, Begait cattle and HF 
crossbred cattle. The AI service of the crossbreeding 
program in Tsegede and Welkait districts was mainly 
crossbreeding of Holstein Friesian (HF) and Arado 
cattle whereas the AI service in Kafta Humera district 
was pure breeding of Begait cattle.

A structured questionnaire was used to collect 
the data from each household. The type of cattle AI 
service consisted of conventional AI service and oestrus 
synchronization followed by mass AI service program. 
Household characteristics, number of inseminated 
cows and heifers, NSC, number of conceived cows 
and heifers, number of calves born, mating practices, 
importance of AI, and awareness and importance of 
oestrus synchronization in cattle breeding were the 
types of data collected.

Statistical analysis
Statistical Package for Social Sciences (SPSS) 

(SPSS, 2012) software was used to analyze the data. 
The data were summarized using descriptive statistics 
(frequency, percentage and mean). Overall conception 
rate (CoR) was calculated from first time, second time 
and third time inseminations.

Moreover, an asymptotic Chi-Square test (X2-
test) was computed to test for assessing if a sample 
proportion differs from a specified proportion. One-
way ANOVA was also employed to test whether there 
existed a significant difference (P < 0.05) in the number 
of cows and heifers inseminated and calved across the 
cattle AI service delivery years.

RESULTS

Household characteristics
About 92.9 % of the household heads (HHs) 

interviewed were males. The mean household family 
size was 6.04 ± 1.993. About 45.3 % of the interviewed 
HHs attended lower primary school whereas 30.6 % 
of the HHs interviewed were illiterate. The dominant 
cattle of the households interviewed were Arado cattle 
and very few HF crossbred cattle were introduced to 
the small-scale farmers. Extensive production system 
(88.4 %) was the production system followed by the 
households interviewed while very few (7.1 %) of 
the households followed small-scale the intensive 
production system (Table 1).
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Table 1. Household livestock holding numbers

 Livestock type (n = 353) Mean ± SD

 Begait cattle holding (N)  3 ± 8 
 Arado cattle holding (N) 4 ± 6 
 HF cattle holding (N) 0 ± 1 
 Begait and Arado crossbred cattle holding (N) 2 ± 5 
 HF and Fogera crossbred cattle holding (N) 0 ± 3 
 Goats holding (N) 7 ± 17 
 Sheep holding (N) 6 ± 29 
 Donkeys holding (N) 1 ± 1 
 Chicken holding (N) 7 ± 13 
 Traditional beehive holding (N) 0 ± 3 
 Modern beehive holding (N) 0 ± 4 

 n = number of respondents, N = number of animals, SD = standard deviation

Table 2a. Description of temporal (2013 through 2018) efficiency of cattle AI service

 Reproductive Temporal efficiency of AI (Mean) Overall
 parameters 2013 2014 2015 2016 2017 2018 mean

 NSC1 1.9 1.4 1.6 1.6 1.4 1.7 1.6
 NSC2 4.9 3.6 5.7 5.5 5.2 4.2 4.8
 CRFI (%) 17.4 28.0 16.6 17.6 20.0 24.0 20.4
 CoR (%) 22.6 30.5 19.8 19.9 21.5 27.2 23.1
 CR 20.3 27.5 17.6 17.9 19.4 23.1 20.5

 NSC1 = mean number of first AI services per conception, NSC2 = mean number of all annual AI services provided per  
 conception, CRFI = conception rate at first insemination, CR = calving rate, CoR = conception rate at first time, second 
 time and third time inseminations

Table 2b. Statistical One-way ANOVA description of efficiency of cattle AI service across years

 Reproductive traits Groups Sum of squares df Mean square F P value

 Number of cows  Between groups (y) 17.617 5 3.523 1.140 0.337

 and heifers inseminated Within groups (y1) 2586.421 837 3.090

  Total 2604.038 842 

 Number of cows Between groups 3.378 5 0.676 1.375 0.231

 and heifers calved Within groups 411.241 837 0.491

  Total 414.619 842

 y = between service years, y1 = within a unit of service year, P < 0.05
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Temporal (2013-2018) success rate of cattle AI service
ANOVA indicated that there was no significant 

difference (P > 0.05) among years in the number of 
inseminated cows and heifers and the number of cows 
and heifers calved (Table 2). The overall calving rate 
(CR) from 2013 through 2018 was 20.5 %. The return 
rate (repeat breeding) of cows and heifers (79.6 %) and  

the mean number of all annual services per conception 
(NSC) were very high (4.8) revealing poor reproductive 
performances of cows and heifers. The conception rate 
at first insemination (CRFI) (20.4 %) and CR (20.5 %) 
were very poor (Table 2). Hence, the efficiency of 
cattle AI service in the reproduction and production of 
cattle in the study area was extremely poor.

Table 3. Importance of AI in cattle breeding and production

 Importance of AI  Frequency (%) X2 P value

 Yes, AI is important  186 (52.7) 1.023 0.312
 No, AI is not important 167 (47.3)

 Importance of AI service versus district cross tabulation

 Kafta Humera yes 69 (19.5) 15.003 0.001
  no 83 (23.5)
 Tsegede yes 81 (22.9)
  no 40 (11.3)
 Welkait yes 36 (10.2)
  no 44 (12.5)

 If yes, the likert grade of AI service   

 Satisfactory   117 (33.1) 40.816 0.000
 Very satisfactory  69 (19.5)
 No importance  167 (47.3)

 Numbers in parentheses are the percent of respondents.

Table 4. When do cows mostly show heat and when does the AIT inseminate your cows?

 Time cows mostly showed heat Frequency (%) X2 P value
 24 hours clock categories

 0:01 − 6:00 am  118 (33.4) 14.649 0.002
 6:01 − 12:00 am  71 (20.1)
 12:01 − 18:00 pm  86 (24.4)
 18:01 − 24:00 pm  78 (22.1)

 Insemination time (farmers response)
 4 − 8 hours after heat sign 101 (28.6) 104.776 0.000
 9 − 12 hours after heat sign 109 (30.9)
 13 − 24 hours after heat sign 93 (26.3)
 25 − 48 hours after heat sign 12 (3.4)
 Unknown time  38 (10.8)

 Insemination time (AITs response) 
 4 − 8 hours after heat sign 8 (80)
 9 − 12 hours after heat sign 1 (10)
 13 − 24 hours after heat sign 1 (10)
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Importance of cattle AI service, and practices of 
insemination time and controlled breeding

Cattle AI service was not statistically significant 
(P > 0.05) in breeding, reproduction and production 
in the study area. However, cattle AI service was 
important and significantly different (P < 0.05) among 

the districts (Table 3). It was noted that there was a 
highly significant correlation (P < 0.01) between agro-
ecology and economic importance of cattle AI service 
in the study area. About one-third (33.4 %) of the 
respondents indicated that cows mostly show heat in 
0:01 − 6:00 am. Insemination time was variable in that 

Table 5. Practice of controlled breeding and mating, comparison of mating method and most common source 
of bull and AM/PM method of insemination time

 Controlled breeding and mating Frequency (%) X2 P value

 Yes  103 (29.2) 61.215 0.000
 No  250 (70.8)  

 Comparison of mating method   

 AI only  8 (2.3) 273.983 0.000
 Natural mating only 177 (50.1)  
 Combination of AI and natural mating 34 (9.6)  
 AI with oestrus synchronization 104 (29.5)  
 Natural mating with oestrus synchronization 30 (8.5)  

 Most common source of bull (Natural Service)   

 Own bred  106 (30.0) 157.184 0.000
 Selected from neighbor 121 (34.3)  
 Bought from market 2 (0.6)  
 Unknown bull  97 (27.5)  
 No use of natural mating 27 (7.6)  

 AM/PM method of insemination time (famers response)   

 Yes  204 (57.8) 8.569 0.003
 No  149 (42.2)  
 AM/PM method (AITs response) 10 (100)  

Table 6. Frequency (%) of awareness of farmers on oestrus synchronization and its importance

 Awareness on oestrus Importance of oestrus X2 P value Importance of oestrus
 synchronization  synchronization (farmers response)   synchronization (AITs response)

 Response  Frequency (%) Likert grade  Frequency (%) 229.649 0.000 Very poor 4 (40)

 Yes, I have 307 (87.0) Very poor  51 (14.4)   Poor 1 (10)
 awareness

 No, I do not 46 (13.0) Poor  25 (7.1)   Satisfactory 5 (50)
 have awareness

   Satisfactory   48 (13.6)

   Very satisfactory 183 (51.8)
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30.9 % of the respondents inseminated their animals 
in 9 − 12 hours after their heat sign whilst 10.8 % of the 
respondents inseminated their animals at unknown 
time (Table 4). The practice of controlled breeding and 
mating was very poor (29.2 %). About half (50.1 %) of 
the respondents selected natural service followed by 
AI with oestrus synchronization (29.5 %). When the 
small-scale farmers used natural service, the most 
common bull source was selected from neighbors 
(34.3 %). A significant amount of the respondents 
(27.5 %) used unknown bulls. Most (57.8 %) of the 
respondents signposted that the antemeridian/
postmeridian (AM/PM) method of insemination was 
followed during the insemination times of cows and 
heifers (Table 5).

Awareness and importance of oestrus synchronization 
in cattle breeding

The majority (87.0 %) of the small-scale farmers 
were acquainted with oestrus synchronization, however,  
14.4 % and 7.1 % of the small-scale farmers graded the 
importance of oestrus synchronization in cattle breeding  
as very poor and poor, respectively (Table 6). About 
40 % of the AITs reported that oestrus synchronization 
was very poor in cattle breeding. Oestrus detection 
was made by visual observation, and pregnancy 
diagnosis was made by the state of heat return rates 
of cows and/or heifers.

DISCUSSION

Begait cattle from the Zebu group (Bos indicus) 
(3 ± 8) and Arado cattle from the Zenga group (4 ± 6) 
were the major breeds owned by the households 
interviewed. The present mean number of all annual 
services per conception (NSC) (4.8) is not comparable 
and higher than the recommendations on NSC for 
profitable dairy cows. The NSC of the study area was 
very high mainly due to inappropriate heat detections. 
This reason is confirmed from the analysis of mean 
number of first AI services per conceived cows and 
heifers (1.6) and mean number of all annual AI services 
provided per conception (4.8). NSC of 4.8 is very much 
higher than and not comparable with 1.8 in crossbred 
dairy cows under farmers' management in and around 
Debre Zeit, Ethiopia (Niraj et al., 2017), 1.8 in crossbred 
cows (Tadesse et al., 2010), 1.7 in the highlands of 
Ethiopia (Lobago et al., 2007), 1.3 in crossbred cows in 
Gondar city of Ethiopia (Nibret, 2012), 1.52 in crossbred 

dairy cows under smallholder condition in Assela town 
of Oromia Region of Ethiopia (Hunduma, 2012), 1.56 
in Zebu and Holstein-Friesian crossbred dairy cows in 
Jimma town of Oromia Region of Ethiopia (Belay et 
al., 2012a), 1.62 in crossbred  dairy cows in different 
production systems in the central Highlands of Ethiopia 
(Shiferaw et al., 2003), 1.67 in crossbred dairy cattle 
under smallholder conditions in and around Zeway, 
Ethiopia (Yifat et al., 2009), 1.88 ± 0.07 in different 
indigenous breeds of Ethiopia (Desalegn, 2008), 1.28 
in Fogera (Menale et al., 2011), 1.8 in Horro and Jersey 
crossbred (Demissu et al., 2014), 1.56 in Native and 
Friesian crossbred (Belay et al., 2012b), 1.60 ± 0.04 
(urban production system)  and 1.73 ± 0.04 (peri-urban 
production system) in HF and Zebu crossbred cows in 
Eastern Zone of Tigray, Ethiopia (Alemshet et al., 2017), 
2.1 ± 1.1 in Horro and 1.8 ± 0.9 in Horro and Jersey 
crossbred (Demissu et al., 2013), 1.8 ± 0.3 in Holstein 
Friesian (HF) crossbred and indigenous cows, 2.2 ± 0.2 
in indigenous cows and 1.5 ± 0.3 in HF crossbred (Niraj 
et al., 2014), 1.8 in crossbred cows (Niraj et al., 2017), 
1.50 ± 8.08 in local cows, 1.54 ± 5.48 in crossbred of 
local and Friesian, 1.31 ± 6.07 in crossbred of local and 
Sahiwal, 1.23 ± 6.78 in crossbred of local and Sahiwal 
and Friesian and 1.15 ± 9.66 in crossbred of local and 
Jersey (Akhtarul et al., 2016), 1.64 ± 0.77 in Peranakan 
Ongole cattle kept in lowland on-farm, 1.66 ± 0.68 in 
crossbred of Limousin and Peranakan Ongole cattle 
kept in lowland on-farm and 1.94 ± 0.89 in Peranakan 
Ongole cattle kept in highland on-farm condition of 
Indonesia (Suyadi et al., 2014), and 1.56 in Fogera and 
Holstain Friesian crossbred dairy cows in Debre Tabor 
town, Ethiopia (Sena et al., 2014). The variations in 
NSC could be due to differences in genotype, animal 
age, animal body condition, parity, heat detection, 
management system, ecology, awareness of famers, 
season of insemination, insemination time, presence 
or absence of oestrus induction, semen handling 
procedures and semen quality.

There are other AI efficiency investigations where  
the present mean NSC (4.8) is very much higher than the  
mean NSC 1.34 ± 0.67 in indigenous cows and 1.31 ± 0.55 
in crossbred cows kept under on farm condition in Southern  
Zone of Tigray, Ethiopia (Mebrahtom and Hailemichael, 
2016), 1.602 ± 0.19 in local x (local x Friesian), 1.8 ± 0.21 
in local x Jersey, 1.72 ± 0.17 in (local x Hariana) x Friesian  
and 1.83 ± 10.21 in (local x Jersey) x (local x Jersey) 
(Islam et al., 2017), 2.2 in Native cows (Kumar et al., 2014),  
2.1 in Horro (Demissu et al., 2014), 2.47 in Tigray, 
Ethiopia AI service (Desalegn, 2008), 2.01 ± 0.2 in 
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Friesian x Arsi (F1) (Negussie et al., 1998), 2.1 ± 0.2 
in Friesian x Zebu (Ermed, 2004), 2.16 in Friesian 
x Zebu (Mureda and Mekuriaw, 2007), 2.2 ± 0.2 in 
indigenous cows (Niraj et al., 2014), 1.74 in indigenous 
cows (Seblewengel et al., 2018), 1.4 in central Uganda 
(Mugisha et al., 2014), 2.05 ± 1.47 in HF dairy cows 
at Holeta Genesis farms (Alewya, 2014), 1.52 ± 0.9 
in smallholder crossbred dairy cows (Tafari, 2016), 
1.44 ± 0.04 in Zebu and HF and Zebu crossbred kept 
under smallholder condition (Ali et al., 2015), 1.38 in 
cows bred through Fixed Time Artificial Insemination 
(FTAI) in Bangladesh (Shankar et al., 2017), 1.37 in 
beef cattle under smallholder farmers of Pohuwato 
Regency of Indonesia (Mukhtar et al., 2019), 1.60 in 
selected districts of smallholder dairy cows of Harar, 
Ethiopia (Engidawork, 2018), 1.91 in West Shoa Zone 
by single and double injections hormonal treatment of 
PGF2ὰ (Bainesagn, 2015), 1.75 in dairy cattle bred by 
FTAI (1.85 in local cows and 1.44 in crossbred cows) in 
Southern Region, Ethiopia (Debir et al., 2016a). They are  
the same reasons that the variations in NSC could be 
due to the differences in genotype, animal age, animal 
body condition, parity, heat detection, management 
system, ecology, awareness of famers, season of 
insemination, insemination time, presence or absence 
of oestrus induction, semen handling procedures and 
semen quality. Appropriate and timely heat detection 
and insemination are among the major factors to lower 
or higher NSC. Majority of the study area has high 
environmental temperature, and NSC may be highly 
influenced by the high environmental temperature.

The present result on conception rate at first  
insemination (CRFI) is extremely poor (20.4 %) compared  
with 65 % reported by Hunduma (2012), 61.7 % 
reported by Azage et al. (2012) for oestrus synchronized  
cows in Adigrat and Mekelle milk shed, 58.6 % in 
Adami-Tullu HF and Zebu crossbred and 54.15 % in 
North Gondar Zone HF and Zebu crossbred reported 
by Haileyesus (2006), 41.6 % in Iran reported by 
Ansari-Lari et al. (2010), 45.9 % in Eastern lowlands 
of Ethiopia reported by Emebet and Zeleke (2014); 
CRFI on conventional cattle AI service at national level 
(27.06 ± 0.44 %), in Addis Ababa (40.23 % ± 0.50), and 
in Tigray Regional State, Ethiopia (32.08 %) reported by 
Desalegn (2008); Heins (2007) reported on Holsteins 
and Jersey and Holstein crossbreds values of 41 % and 
39 %, respectively. Heins et al. (2006) reported previous 
experiences on Holstein (22 ± 3.0 %), Normande 
(35 ± 3.0 %), Monbeliarde x Holstein (31 ± 3.0 %) and 
Scandinavian Red x Holstein (30 ± 3.0 %) in commercial 

herds of California, and HF and Zebu crossbred cows 
in Eastern Zone of Tigray, Ethiopia (64.6 ± 1.06 %) 
reported by Alemshet et al. (2017).

Tegegn and Zelalem (2017) report of 24.69 % 
through FTAI, 40.9 % in Zebu and HF and Zebu crossbred  
kept under smallholder condition reported by Ali et al.  
(2015); 52.11 % in cows bred through FTAI in Bangladesh  
(Shankar et al., 2017), 66.67 % in beef cattle under 
smallholder farmers of Pohuwato Regency of 
Indonesia (Mukhtar et al., 2019), 39.3 % through FTAI 
(Gizaw et al., 2016), 34.29 % in Oromia through FTAI 
(Legesse, 2015), 49.17 % in Dangi cows, 41.36 % in HF 
crossbred cows in smallholders of India (Potdar et al., 
2016), 48.1 % in in selected districts of smallholder 
dairy cows of Harar, Ethiopia (Engidawork, 2018), 
and 60.4 % in dairy cattle bred by FTAI (54.0 % in 
local cows and 69.6 % in crossbred cows) in Southern 
Region, Ethiopia (Debir et al. 2016b) are higher than and 
not comparable with the present CRFI (20.4 %). The 
differences in CRFI could be due to the differences in 
ecology, husbandry practices, presence or absence 
of oestrus induction, climate change, genotype, heat 
detection skills, efficiency of inseminators, fertility 
level, semen quality, semen handling procedure 
and time of insemination. The present CRFI (20.4 %) 
is higher than the previous work in Tigray Region, 
Ethiopia (7.14 % ± 0.85) reported by Desalegn (2008).

The CRFI (20.4 %) is not comparable with the report  
on local and crossbred dairy cows (46.2 %) kept under 
smallholder in Sodo Zuria District, Ethiopia (Abiyot and 
Eyob, 2019), 73.8 % in Zebu and HF and Zebu crossbred 
kept under smallholder condition (Ali et al., 2015), 54.54 %  
in cows bred through FTAI in Bangladesh (Shankar et al., 
2017), 56 % in dairy cows of Eastern and Southeastern 
Zones of Tigray, Ethiopia (Ashebir et al., 2016), and 
64.8 % in dairy cows in and around Bishoftu, Oromia 
Regional State, Ethiopia (Belete et al., 2018). They are 
the same reasons that the differences could be due 
to the differences in ecology, husbandry practices, 
presence or absence of oestrus induction, climate 
change, genotype, heat detection skills, efficiency 
of inseminators, fertility level, time of insemination, 
semen quality and handling procedures. However, 
the present finding on CRFI (20.4 %) is comparable 
with the CRFI of 24.69 % in dairy cattle bred by FTAI 
in Mizan Aman area, Bench Maji zone, South West 
Ethiopia (Tegegn and Zelalem, 2017) and 24.69 % in 
cows and heifers of South West Ethiopia bred by FTAI 
(Teddy, 2017).

Calving rate (CR) was defined as the number of  
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calves born per 100 services and is the most appropriate 
measure of fertility (Mohamed, 2004). The present 
result on CR (20.5 %) is much below the findings of 
Alemshet et al. (2017) in HF and Zebu crossbred cows 
(54.8 ± 1.35 %) in Eastern Zone of Tigray, Ethiopia, 
Emebet and Zeleke (2014) and Haileyesus (2006) 
reported in crossbred dairy cows (63.4 to 76.9 %) in 
different parts of the country, 26.22 % in South West 
Shoa Zone of Oromia, Ethiopia through FTAI (Fekata 
et al., 2020), 39 % in smallholder dairy herd bred by 
conventional AI in Kenya (Kinyua, 2016), and 37 % in 
dairy cows of Eastern and Southeastern Zones of Tigray, 
Ethiopia (Ashebir et al., 2016). Though the present 
result on CR is too low (20.5 %), it excels 13.58 % of CR 
in dairy cattle bred by FTAI in Mizan Aman area, Bench 
Maji Zone, South West Ethiopia reported by Tegegn 
and Zelalem (2017), 10.67 % CR through FTAI reported 
by Dereje (2018), and 13.58 % in cows and heifers 
of South West Ethiopia bred by FTAI (Teddy, 2017). 
Calving rate is the reproductive factor that follows 
conception rate. As per the definition of calving rate, 
the variations could be due to differences in genotype,  
animal age, animal body condition, parity, heat 
detection, management system, ecology, awareness of 
famers, season of insemination, presence or absence of 
oestrus induction, insemination time, semen handling 
procedures and semen quality, and psrevalence of 
reproductive diseases.

Majority of the study area has high environmental  
temperature. Heat stress causes 20 to 30 % reduction 
in conception rate and pregnancy rate (Khan et al., 2013;  
Schuller et al., 2014). About 96 % of the variation in  
conception rate is due to management and environmental  
factors. Conception rate is influenced by herd differences 
in nutrition, metabolic disorders, reproductive health, 
heat detection, insemination practices and climate 
change. About 4 % of the variation in conception rate is 
due to genetic factors with 3 % for the cow and 1 % for 
the service bull (Kathy, 2004).

Cattle AI service programme was not significantly  
(P > 0.05) important in the Western Zone of Tigray, 
Ethiopia because 47.3 % of the small-scale farmers 
were not satisfied by the cattle AI service programme. 
However, the present report is not similar with the 
reports of Kindalem (2019) reported that 94.0 % of AI 
beneficiaries in Janamora district were not satisfied 
by the AI service; Gebremedhin (2008) reported the 
respondents in Tiyo (31 %) and Sagure (45.5 %) districts 
of Arsi Zone were satisfied with AI service; 55.8 % of 
the respondents were not satisfied by AI service (Riyad 

et al., 2017); Desalegn (2008) reported that 93.1 % 
of the AI beneficiary farmers did not get reliable and 
consistent AI service and were not satisfied; 69.17 % 
of the respondents in West Gojjam Zone were not 
satisfied in AI service (Malede et al., 2013); 69.9 % 
respondents in Debretabour Town, Ethiopia were not  
satisfied by AI service (Bemrew et al., 2015); Getabalew  
et al. (2019) reported that there is little or no satisfaction  
on AI service delivery system by most smallholder dairy 
farmers in many places of Ethiopia, and 67.15 % of 
the respondents in South West Shoa Zone of Oromia,  
Ethiopia were not satisfied on oestrus synchronization 
and mass AI service (Fekata et al., 2020). The differences 
in AI service satisfaction level in different parts of the 
country could be due to lack of awareness, efficiency of 
AITs, oestrus detection, ecology, husbandry practices, 
semen quality and semen handling procedures and 
overall efficiency of AI service. Therefore, there is an 
overall national problem in the efficiency of cattle 
AI service and needs improvement in the AI service 
delivery system. Ashebir et al. (2016) reported that 
the efficiency of AI in the Tigray Region, Ethiopia 
seems satisfactory because a calving rate of 37 % 
was achieved and only 27.6 % of the smallholders in 
Eastern and Southeastern Zones of the Region were 
not satisfied by the overall efficiency of AI service. 

About one-third (33.4 %) of the cows and heifers 
in the Western Zone of Tigray, Ethiopia exhibited heat 
in the time of 0:01 − 6:00 am. This report is not in line 
with the work of Ashebir et al. (2016) who reported 
that majority (52.89 %) of dairy cows in Eastern and 
Southeastern Zones of Tigray showed heat in the 
evening hours. The difference could arise from the 
differences in genotype, ecology, husbandry practices, 
management system and environmental weather 
conditions.

Most of the respondents indicated that cows 
and heifers in the Western Zone of Tigray, Ethiopia 
were inseminated in 9 − 12 hours (30.9 %) and 4 − 8 
hours (28.6 %) after the onset of oestrus. Moreover, 
10.8 % of the respondents reported that cows and 
heifers were inseminated at unknown time. The 
present insemination time is not in line with Belete et 
al. (2018) who reported the conception rate of local 
and crossbred cows inseminated at 10 − 24 hours after 
the onset of oestrus was significantly higher (82.2 %) 
than those inseminated at 24 − 48 hours (32.8 %) 
and before 10 hours (36.4 %) after onset of oestrus; 
Das et al. (2010) who reported the conception rate 
of Red Chittagong cows was higher (74.19 %) when 
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inseminated at 10 − 14 hours after onset of oestrus 
than the conception rate (50 %) cows inseminated 
at 6 − 10 hours. Debir et al. (2016b) reported the 
optimum conception rate (71.6 %), among the cows 
inseminated, between 9 − 14 hours after the onset of 
oestrus whilst the lower conception rate was observed 
(12.5 %) in 19 − 24 hours after the onset of oestrus. 
The differences could be due to husbandry practices, 
ecology, genotype, management system and weather 
conditions. For example, majority of the cows and 
heifers included in this study were from a habitat with 
high environmental temperature (reach up to 48 oC) 
which is beyond the recommendation of Todd (2012) 
who recommended oestrus behavior was greatest 
in dairy cows observed twice daily when ambient 
temperatures were less than 25 oC.

About 50.1 % of the small-scale farmers in the 
present survey appreciated natural mating compared 
to other methods. This is in line with communal grazing 
land is the main source of breeding bull in most parts 
of Ethiopia where most farmers practiced natural, 
unplanned and uncontrolled mating system (Ayantu  
et al., 2012; Debir, 2016b). In dairy cattle breeding, most  
of the dairy farmers in the highland, midland and the 
lowland areas of Ethiopia used natural mating by using 
indigenous breeding bull (Tesfa, 2009). About 88.4 % of 
the respondents in the Western Zone of Tigray, Ethiopia 
managed their animals under extensive management 
system. This is similar with Ayantu et al. (2012) and 
Azage et al. (2013) studies that uncontrolled mating 
predominates under the extensive livestock husbandry 
system especially in the rural areas, and Desta (2002) 
reported that many farmers in Ethiopia prefer natural 
mating to AI service due to the conception results 
from the AI services are poor.

CONCLUSION

Artificial insemination (AI) service is the most  
important and widely practiced reproductive bio- 
technology all over the world. However, the efficiency 
of cattle AI service in the Western Zone of Tigray, 
Ethiopia was very poor mainly due to inappropriate 
heat detections. Hence, small-scale farmers were not 
satisfied by the AI service due to different challenges  
including inappropriate heat detections. The participation  
of female headed households in cattle AI service was 

extremely poor. Cattle AI service in the study area was 
highly influenced by agro-ecology in that AI success 
rate was high in the highland areas as compared to the 
lowland agro-ecology.

AI feasibility study should be the first research 
activity in the future in the study area because the 
present efficiency of cattle AI service is very poor. 
Therefore, the present efficiency of cattle AI service 
calls urgent measures in identification and application 
of strategic interventions which improve the existing 
poor AI service efficiency. Oestrus synchronization 
solves oestrus detection problems and is essential in 
the improvement of reproductive efficiency of cattle. 
However, some small-scale farmers and AITs reported 
that oestrus synchronization was not important. 
Therefore, research and development organizations 
should take a concern on the identification of the  
appropriate agro-ecology based oestrus synchronization  
protocols. After the completion of the AI feasibility 
study of the area, cattle AI service should be practiced 
based on community based breeding and improvement 
approach; dispersed breeding should be avoided. The 
community should be provided adequate and frequent 
training to enhance the efficiency of cattle AI service. 
Many stakeholders should be involved in cattle AI 
service. Furthermore, semen storage, quality control 
and delivery methods should be critical concerns in the 
future.
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