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Abstract

Cattle breeding in the central zone of Tanzania is largely by 
unproven homebred bulls, with very limited use of Artificial 
Insemination (AI). Hence, beef herds in the region remain 
largely unimproved, with relatively low genetic merit and 
productivity. An outreach program was developed by the 
Tanzania Livestock Research Institute (TALIRI) to pilot AI 
service delivery to smallholder farmers in the central zone 
of Tanzania, with the objectives of: Identifying the processes 
required to develop an AI service; and improving farmers’ 
understanding of the potential benefits to their herds through 
using AI. Smallholder farmers (100) in the Mpwapwa district 
of the Dodoma region in the central zone of Tanzania were 
recruited into the program. 200 cows were involved in the 
programme composed of the following breeds: Mpwapwa 
(100), Tanzania Short-horned Zebu (70) and Boran (30). 
The AI bulls used were from Mpwapwa and Boran breeds 
kept at the National Artificial Insemination Centre (NAIC) 

Introduction 
The use of modern breeding technologies can enhance productivity 

by improving reproductive performances and, consequently, genetic 
make-up [1,2]. However, in Tanzania, the use of such technologies is 
rare, particularly in beef cattle [3,4]. This is particularly true in the 
central zone of Tanzania, a semi-arid agro-ecological zone, where 
traditional agro-pastoralism is by far the most common livestock 
keeping system [5,6]. Under this system, crops are integrated into an 
extensive, rangeland-based livestock system. Livestock keeping under 
agro-pastoralism faces wide range of challenges on the utilization 
of AI technology: inability of farmers to accurately detect oestrus, 
probably necessitating use of low-cost whole herd FTAI programs; 
dearth of trained AI technicians; and low background fertility of cows 
[7]. One key problem with agro-pastoralism, identified by both [3] 
and [4] is that, farmers rely on unproven naturally home-bred bulls to 
service their herds. The cause of the latter, is the low uptake of AI in 
such systems driven by farmers’ lack of awareness of its benefits. This 
is a negative feedback loop as the low uptake of AI produces a lack of 
awareness of the benefits of AI and beef cattle breeding programmes 
in agro-pastoral communities. In the central zone of Tanzania, the 
low uptake of AI has been exacerbated the centralization AI delivery 
system (into Arusha) and inadequate the lack of trained-AI technicians 
[8,9]. Thus, the majority of the beef cattle ecotypes within the central 
zone are unimproved ecotypes characterized by low genetic merit and 
productivity [10] (Figure 1). 

in Tanzania, selected based on pedigree information and growth 
performance. All cows were synchronized prior to AI using a 
Prostaglandin (PG)-based programme. Of the 200 cows, 110 cows 
were inseminated following oestrus observed after 1st PG, with 90 
non-responding cows receiving a 2nd PG injection at day 11 with 
Fixed Time AI (FTAI) 72 hours later. Of the 200 cows, 110 (55%; 
95% CI 48%-62%) became pregnant to AI. Bulls were introduced 
into the herd for 60 days, starting 60 days after FTAI, with 80/90 
cows (89%; 95% CI 81%-94%) which did not get pregnant to AI 
becoming pregnant during this period. For widespread uptake of 
AI, the following issues need to be addressed: (i) the inability of 
farmers to accurately detect oestrus, probably necessitating use of 
low-cost whole herd FTAI programs; (ii) the dearth of trained AI 
technicians; and (iii) low background fertility of cows.
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Nonetheless, despite their low genetic merit, Tanzania Short-
horned Zebu (TSZ) and related cattle to the vagaries of the Tanzanian 
environment has meant that such cattle are key contributors to the 
cattle population across Tanzania [10]. However, simply being suited 
to the environment is not sufficient if TSZ are to meet farmers’ 
production goals for their cattle. In an attempt to address these needs, 
TALIRI and the Ministry of Livestock and Fisheries have initiated 
plans and programmes aimed at improving the genetic merits of TSZ 
cattle and their related eco-types throughout Tanzania. 

As part of that initiative, TALIRI Mpwapwa developed a 
programme aimed at disseminating Mpwapwa cattle within the 
central zone of Tanzania using open nucleus breeding programmes. 
The Mpwapwa breed (a hybrid of African and Asian zebu and 
European dairy breeds) was chosen based on its: Production ability 
(for both meat and milk production); its resilience in a harsh semi-
arid and tropical environment and the ability of Mpwapwa bulls to be 
used for draught power [11] (Figure 2). However, the rate of genetic 
gain using disseminated Mpwapwa bulls seemed to be slow under 
this approach. Thus, an alternative improvement strategy was opted 
using Assisted Reproductive Technologies (ARTs) especially AI in 
particular. 

This study aimed to test the application, utilization and uptake of 
AI to smallholder farmers in the traditional agro-pastoral livestock 
farming system in Mpwapwa district of the central zone of Tanzania.

Materials and Methods
All animals’ manipulations were approved by TALIRI prior to the 

start of the out-reach programme. 
Selection of farmers 

A convenience selection of smallholder farmers from Wiyenzele 
and Chipogoro villages within Mpwapwa district were used for this 
study. Each village contributed 50 farmers. These villages were 
chosen because; TALIRI Mpwapwa had previously established an 
on-farm multiplication of Mpwapwa cattle in these villages (Figure 3).

Figure 3: Smallholder farmers at Chipogoro village in Mpwapwa district.

The herds belonging to the selected farmers all underwent 
pregnancy diagnosis and of the 400 cows, 200 non-pregnant 
cows were selected. Of the 40 village bulls, 4 bulls were selected 
from Mpwapwa (n=2) and Boran (n=2) breeds with no records of 
reproductive disorders (Figure 4). 

Figure 4: Selected cows at Wiyenzele and Chipogoro villages involved in 
the programme.

Management and treatment of animals after selection 
As per normal practice in these villages, one group of cows from 

each village (n=100) were grazed together on unrestricted grazing 
on communally owned grazing land. No additional concentrates or 
minerals were provided. Dipping was conducted once per month 
to control ectoparasites, as is normal for these herds using Paranex 
(Alphacypermethrin 100 g/L, Farm base Ltd, Tanzania) (Figure 5). 

Figure 2: Mpwapwa cattle breed at Wiyenzele and Chipogoro villages in 
Mpwapwa district.

(a)	 Wet season  (b)	 Dry season

Figure 1: TSZ (Tanzania Short-horned Zebu) Cattle in a herd of a smallholder 
farmer at Wiyenzele village in Mpwapwa district.
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Artificial Insemination Centre (NAIC) in Tanzania. They were 
selected based on pedigree information and growth performance. A 
post-thaw motility of >65% was confirmed for semen straw samples 
taken from both bulls prior to purchase. Prior to insemination, the 
semen straws were thawed in a thawing unit/incubator with inbuilt 
thermometer set at 36°C for 2 minutes. Pregnancy was confirmed by 
transrectal ultrasonography (Chison Medical Imaging Co, Jiangsu, 
China) 60 days after the last FTAI. After pregnancy diagnosis, tested 
bulls were introduced into the herd 60 days in a mating ratio of 1:50, 
with pregnancy diagnosis following 60 days later (Table 1). 

Results 
Of the 200 cows, 110 were observed in oestrus after 1st PGF 

injection (55%; 95% CI 48%-62%). Standing to be mounted was 
the most commonly observed behavior with 38 cows showing this 
sign of oestrus. 36 cows were observed mounting others, and of the 
38 mounted cows, 36 were observed with mucus discharge. The 
number of cows standing to be mounted per group ranged from 9–11; 
there was thus no evidence that mating group had a large effect on 
proportion of cows showing observed oestrus (P=0.89).

Of the 200 cows, 110 became pregnant as a result of the PGF 
programme (55%; 95% CI 48%-62%). The number of cows pregnant 
per group after the PGF programme ranged from 25 to 31; as with 
oestrus behaviour after PGF there was no clear evidence that mating 
group had an impact on pregnancy rate after PGF programme 
(P=0.39). Of the 90 cows which did not become pregnant 80 became 
pregnant in the 60 days that the cows were run with the bull (89%; 
95% CI 81%-94%). This meant that 10/200 cows failed to become 
pregnant during the breeding season (Table 2) (Figure 6). 

Reproduction management
The 200 non-pregnant cows were selected from 400 cows based 

on their pregnancy status. They were divided into four mating groups 
of 50 cows based on that order, with the first cow going to mating 
group 1, the second cow going to mating group 2 and so on. The four 
groups were separated grazed. The PGF programme was staggered 
by group (Table 1). On day 0 in all the four mating groups, each cow 
received their first PGF injection (i.e. 500 μg cloprostenol (Estroplan, 
Parnell Australia)), with behavioral oestrus closely observed by 
herdsmen for the next 4 days. Three signs of oestrus were recorded: i) 
standing to be mounted; ii) mounting others; and iii) mucus discharge. 
Cows observed in oestrus were inseminated based on the AM/PM 
rule [12]. Cows that were not inseminated within 120 hours of the 
first PGF injection were retreated on Day 11, followed by Fixed Time 
AI (FTAI) at 72 hours post second PGF injection. The AI bulls used 
were two bulls (one Mpwapwa and one Boran) kept at the National 

Figure 5: Selected cows in communal grazing land at Wiyenzele and Chipogoro 
villages.

Figure 6: AI calves at Wiyenzele and Chipogoro villages sired by Mpwapwa and Boran semen.

Mating Groups No. of. Cows 1st PGF Injection Oestrus Detection+AI 2nd PGF Injection FTAI Bull Mating
Group 1 50 06/01/20 8-11/01/20 16/01/20 19/01/20 25/03/20
Group 2 50 20/01/20 22/01/20 30/01/20 02/02/20 08/04/20
Group 3 50 03/02/20 5-8/02/20 13/02/20 16/02/20 22/04/20
Group 4 50 17/02/20 18-21/02/20 27/02/20 01/03/20 07/05/20

Table 1: Mating plan of cows by PGF (Prostaglandin) injection.

Mating Group No. of. Cows Pregnant Cows (AI+FTAI)
No. of Returns

Pregnant Cows (NM) No. of Returning After (NM)
after (AI+FTAI)

Group 1 50 25 25 22 3
Group 2 50 24 26 22 4
Group 3 50 31 19 18 1
Group 4 50 30 20 18 2

Table 2: Pregnancy status in cows across mating groups.
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Discussion
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anoestrus. However, cows with palpable Cl should be treated with 
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Conclusion
Therefore, the performance shown from the study entails 

improvement to the following pre-breeding practices into the breeding 
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utilization and uptake to the traditional agro-pastoral communities 
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Acknowledgements
Authors acknowledge support on research assistance from TALIRI 

Mpwapwa, Massey University and the University of Edinburgh. 
The completion of this study was facilitated by the support of the 

https://medcraveonline.com/JDVAR/possibilities-of-utilizing-biotechnology-to-improve-animal-and-animal-feeds-productivity-in-tanzania-ndash-review-of-past-efforts-and-available-opportunities.html
https://medcraveonline.com/JDVAR/possibilities-of-utilizing-biotechnology-to-improve-animal-and-animal-feeds-productivity-in-tanzania-ndash-review-of-past-efforts-and-available-opportunities.html
https://medcraveonline.com/JDVAR/possibilities-of-utilizing-biotechnology-to-improve-animal-and-animal-feeds-productivity-in-tanzania-ndash-review-of-past-efforts-and-available-opportunities.html
https://medcraveonline.com/JDVAR/possibilities-of-utilizing-biotechnology-to-improve-animal-and-animal-feeds-productivity-in-tanzania-ndash-review-of-past-efforts-and-available-opportunities.html
https://www.animal-reproduction.org/article/doi/10.21451/1984-3143-AR873
https://www.animal-reproduction.org/article/doi/10.21451/1984-3143-AR873
https://www.ajol.info/index.php/tvj/article/view/221330
https://www.ajol.info/index.php/tvj/article/view/221330
https://cgspace.cgiar.org/bitstream/handle/10568/65154/tz_review_dec2014.pdf
https://cgspace.cgiar.org/bitstream/handle/10568/65154/tz_review_dec2014.pdf
https://cgspace.cgiar.org/bitstream/handle/10568/65154/tz_review_dec2014.pdf


Citation: Kabuni TK, Komba EVG, Kabululu M, Mwalingo M, Laven R, et al. (2023) Application, Utilization and Uptake of Artificial Insemination  Technology 
to Smallholder Farmers in the Traditional Agro-Pastoral Livestock Farming System: A Case of Mpwapwa District in the Central Zone of Tanzania. 
J Vet Sci Med Diag 12:4.

• Page 5 of 5 •Volume 12 • Issue 4 • 1000062

5.	 Kanuya NL, Matiko MK, Nkya R, Bittegeko SBP, Mgasa 
MN, et al. (2006) Seasonal Changes in Nutritional Status 
and Reproductive Performance of Zebu cows kept under a 
Traditional Agro-Pastoral system in Tanzania. Trop Anim Health 
Prod 38:511-519.  

6.	 Matiko MK, Kanuya NJ, Waldmann A, Ropstand E and Reksen 
O (2008) Environmental constrains on post-partum ovarian 
activity in Tanzanian Zeb cows. Theriogenology 69:896-904. 

7.	 Kabuni KT (2017) Comparative study between fixed time 
artificial insemination and natural mating on reproductive 
performance (conception and pregnancy rates) of Mpwapwa 
breed cows in Tanzania.  

8.	 Chawala AR (2020) Investigation of farmer-led breeding goals 
and strategies in smallholder dairy farming systems to cope with 
variations in feed sources and quality. ERA. 

9.	 Katjiuongua H and Nelgen S (2014) Tanzania Smallholder 
Dairy Value Chain Development: Situation Analysis and Trends. 
Nairobi, Kenya.  

10.	 Msalya G, Kim ES, Laisser ELK, Kipanyula MJ, Karimuribo ED, 
et al. (2017) Determination of Genetic Structure and Signatures 
of Selection in Three Strains of Tanzania Shorthorn Zebu, Boran 
and Friesian Cattle by Genome-Wide SNP Analyses. PLoS ONE 
12. 

11.	 Chawala AR, Banos G, Komwihangilo DM, Peters A, Chagunda 
MGG, et al. (2017) Phenotypic and genetic parameters for 
selected production and reproduction traits of Mpwapwa cattle 
in low-input production systems. S Afr J Anim Sci 43:307-319.   

12.	 Trimberger GW (1948) Breeding efficiency in dairy cattle from 
artificial insemination at various intervals before and after 
ovulation. Es Bull Univ. Nebr (Linc. campus), Agri Exp Stn 
153:1-26. 

13.	 Landivar C, Galina CS, Duchateau A, Novarro-Fierro R (1984) 
Fertility trial in Zebu cattle after a natural or controlled oestrus 
with prostaglandin F2 alpha, comparing natural mating with 
artificial insemination. Theriogenology 23:421-429. 

14.	 McDougall S (2010) Effects of treatment of anoestrous dairy 
cows with gonadotropin-releasing hormone, prostaglandin, and 
progesterone. J Dairy Sci 9:1944-1959. 

15.	 Morris ST, Morel PCH, Kenyon PR (2006) The effect of 
individual live weight and condition of beef cows on their 
reproductive performance and birth and weaning weights of 
calves. N Z Vet J 54:96-100. 

16.	 Robinson JJ, Ashworth CJ, Rooke JA, Mitchell LM, McEvoy 
TG (2006) Nutrition and fertility in ruminant livestock. Anim 
Feed Sci Technol 126:259-276. 

17.	 Yugal RB, Sulochana S, Nabaraj S, Tara NG (2013) Effects of 
nutrition on reproduction- A review. Adv Appl Sci Res 4:421-
429.  

18.	 Bó GA CL, Chesta P, Balla F, Pincinato D, Peres L, et al. (2005) 
Implementation of artificial insemination programs in Argentine 
breeding herds. Proceeding VI International Symposium on 
Animal Reproduction. 

https://link.springer.com/article/10.1007/s11250-006-4419-z
https://link.springer.com/article/10.1007/s11250-006-4419-z
https://link.springer.com/article/10.1007/s11250-006-4419-z
https://www.sciencedirect.com/science/article/abs/pii/S0093691X08000319?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0093691X08000319?via%3Dihub
https://mro.massey.ac.nz/bitstream/handle/10179/12199/01_front.pdf?sequence=1&isAllowed=y
https://mro.massey.ac.nz/bitstream/handle/10179/12199/01_front.pdf?sequence=1&isAllowed=y
https://mro.massey.ac.nz/bitstream/handle/10179/12199/01_front.pdf?sequence=1&isAllowed=y
https://mro.massey.ac.nz/bitstream/handle/10179/12199/01_front.pdf?sequence=1&isAllowed=y
https://era.ed.ac.uk/handle/1842/37217
https://era.ed.ac.uk/handle/1842/37217
https://era.ed.ac.uk/handle/1842/37217
https://cgspace.cgiar.org/bitstream/handle/10568/68513/PR_Tanzania.pdf
https://cgspace.cgiar.org/bitstream/handle/10568/68513/PR_Tanzania.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0171088
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0171088
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0171088
https://www.ajol.info/index.php/sajas/article/view/154842
https://www.ajol.info/index.php/sajas/article/view/154842
https://www.ajol.info/index.php/sajas/article/view/154842
https://digitalcommons.unl.edu/ardhistrb/117/
https://digitalcommons.unl.edu/ardhistrb/117/
https://digitalcommons.unl.edu/ardhistrb/117/
https://www.sciencedirect.com/science/article/abs/pii/0093691X85900147?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0093691X85900147?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0093691X85900147?via%3Dihub
https://linkinghub.elsevier.com/retrieve/pii/S0022030210001839
https://linkinghub.elsevier.com/retrieve/pii/S0022030210001839
https://linkinghub.elsevier.com/retrieve/pii/S0022030210001839
https://www.tandfonline.com/doi/abs/10.1080/00480169.2006.36619
https://www.tandfonline.com/doi/abs/10.1080/00480169.2006.36619
https://www.tandfonline.com/doi/abs/10.1080/00480169.2006.36619
https://www.tandfonline.com/doi/abs/10.1080/00480169.2006.36619
https://www.sciencedirect.com/science/article/pii/S0377840105003214
https://www.topsoils.co.nz/wp-content/uploads/2014/09/Effects-of-nutrition-on-reproduction-Himalayan-College-of-Agricultural-Sciences-and-Technology.pdf
https://www.topsoils.co.nz/wp-content/uploads/2014/09/Effects-of-nutrition-on-reproduction-Himalayan-College-of-Agricultural-Sciences-and-Technology.pdf
https://iracbiogen.com/wp-content/uploads/2021/06/RESUMEN-11-Simposio-Internacional-de-Reproduccion-Animal-2015.pdf
https://iracbiogen.com/wp-content/uploads/2021/06/RESUMEN-11-Simposio-Internacional-de-Reproduccion-Animal-2015.pdf
https://iracbiogen.com/wp-content/uploads/2021/06/RESUMEN-11-Simposio-Internacional-de-Reproduccion-Animal-2015.pdf

