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Abstract 

Smallholder dairy cattle farming plays a crucial socio-economic role for many 

households across rural, peri-urban and urban areas in Tanzania. Despite its importance, the 

sector faces numerous challenges, with reproductive issues, particularly infertility, being 

among the major barriers to productivity and sustainability. This study explored farmer 

demographics and their knowledge, attitudes and practices (KAP) regarding infertility in 

dairy cattle, alongside an assessment of reproductive performance in cows and heifers. A 

cross-sectional survey was conducted on 301 smallholder farms across 13 districts in six key 

dairy-producing regions: Arusha, Kilimanjaro, Mbeya, Morogoro, Njombe and Tanga. 

Despite the shared similarities in demographics depicted by farmers, regional differences 

were notable. For instance, men dominated most regions except Njombe, where gender 

representation was more balanced. Education levels varied, with Morogoro farmers having 

higher education levels than others, while a higher proportion of farmers in Morogoro and 

Tanga had herds >4 animals. Acquisition of the first cattle beast also differed; cash 

purchases dominated, except in Mbeya, where cattle were often received as gifts (referred 

to as ‘kufufya’). The top-reported farming constraints included high input costs (93%), feed 

unavailability (71%), insufficient land (68%), and livestock diseases (62%). Overall, 95% of 

farmers reported having infertility in their herds, with the key reported causes being poor 

nutrition and housing (93%), livestock disease (89%), poor farm record keeping (85%) and 

poor heat detection (83%). Nearly all farmers (98%) considered infertility as having a major 

impact, with repeat breeding (95%) and failure to produce a calf in a year (69%) having the 

most impact. Reproductive performance was poor, with only 46% of animals pregnant and a 

median inter-calving interval of 468 days (despite excluding cows that were sold or culled 

before getting pregnant). Analysis of influencing factors showed that region was an 
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important predictor of reproductive performance, followed by herd size and farmer 

experience. Larger herds were linked with better performance, while less experienced 

farmers surprisingly reported more pregnant animals, with better ability to recognise 

infertility signs. These findings highlight the need for regionally tailored strategies to 

improve reproductive outcomes and sustain smallholder dairy cattle farming in Tanzania.  

Keywords: Smallholder dairy farmers, reproductive performance, cattle infertility 
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Chapter One: General Introduction 

1.0. Background Information 

There is a growing demand for milk and dairy products in Tanzania, driven by the 

increasing human population and higher per capita consumption of dairy products. Much of 

this demand has been met by imports of milk products, especially from South Africa and the 

Middle East. However, to meet the increasing in demand for milk products from local 

sources, there has been a significant increase in the number of dairy cattle farmers and 

dairy cattle. There has also been a shift away from native cattle to imported, higher-

producing ‘European’ dairy breeds and crosses (i.e. Holsteins, Ayrshire and Jersey) (Michael 

et al., 2018).  

However, progress in developing the Tanzanian national dairy herd has been 

hampered by poor fertility, which has become one of the key limiters to productivity in its 

domestic dairy farming (Swai et al., 2005b). Good fertility is crucial for optimising farm 

productivity and, hence, profitability. Sub-optimal fertility, both directly and indirectly, 

reduces milk yield, increases involuntary culling, reduces overall welfare, and reduces 

longevity and lifetime productivity (Dijkhuizen et al., 1985). It also reduces calf sales and 

increases breeding costs (Plaizier et al., 1998). In most developing countries with burgeoning 

domestic dairy industries, optimising the livelihoods of dairy farmers in terms of herd 

productivity and profitability is essential to achieve benefits to the broader local community, 

as well as to national requirements.   

The symptoms of poor fertility on Tanzanian dairy farms include critical issues such 

as grossly extended inter-calving intervals (Kanuya et al., 2000) and high rates of culling due 

to failure to become pregnant (Swai et al., 2005b). These problems have to be understood 
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in the context of the modern high-producing dairy cow, which has significantly poorer 

fertility compared to its predecessors (Royal et al., 2000; Moore & Thatcher, 2006; Weigel, 

2006). Globally, multiple factors are responsible for this decline, including genetics, 

environment and management, which interact to produce a complex suite of infertility 

problems (Walsh et al., 2011). The limiting factors vary significantly across systems: for 

example, in the US and UK (high production, high intake of non-forage feeds, year-round 

calving), a lack of oestrus behaviour and underlying poor conception rates are the most 

significant manifestations of infertility, whereas in NZ (lower production and pasture-based 

seasonal calving) anovulatory anoestrus is the most important problem (Lucy, 2001; Dillon 

et al., 2006; Macdonald et al., 2008a).  

The infertility of the Tanzanian dairy cow is likely to be due to a subset of these 

global problems, overlain with further local country- or region-specific issues. Hence, as it is 

crucial to have system-specific data to identify problems and suggest solutions when 

investigating infertility, such that more data are needed across different systems and 

regions in Tanzania on the causes and effects of infertility in dairy cattle. Thus, a detailed 

investigation is needed into the factors affecting fertility in dairy cattle under the 

tropical/subtropical conditions of Tanzania, including effects caused by the cows’ underlying 

physiology and the effects of their nutrition; whilst also focusing on the demographic, 

managemental and physical factors that could exacerbate or mitigate farmers’ ability to 

profitably manage dairy cows.  
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1.1. Thesis objectives 

The studies reported in this thesis were therefore designed to generate information 

on the causes of infertility and poor reproductive performance of dairy cattle in Tanzania. 

The project was a mix of farm-focused information and data collection, aiming to: 

i. Evaluate the demographics of the smallholder dairy cattle farmers across the study 

regions, 

ii. Evaluate the knowledge, attitudes, and practices of dairy cattle farmers in Tanzania 

towards infertility across the study regions, 

iii. Investigate the reproductive outcomes of dairy cows in the different dairying regions 

of Tanzania.  

iv. Determine which of these factors are likely to be the critical limiters and/or the most 

amenable to management intervention for the improvement of the dairy industry.  

1.2. Importance of this Thesis 

This thesis is important for addressing the key causes of infertility and poor 

reproductive performance in Tanzania's smallholder dairy cattle. By assessing farmers' 

demographics, understanding and practices towards dairy cattle infertility, alongside 

reproductive performance across regions. This thesis identifies critical limiting factors to 

smallholder dairy cattle farming development in Tanzania. It also highlights the factors most 

responsive to management and offers practical guidance for improving fertility and 

productivity in the dairy sector.  
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Chapter Two: Literature Review   

2.0. Introduction 

This chapter provides a comprehensive review of the literature relevant to the 

present study, with a focus on smallholder dairy cattle farming in Tanzania. It is organised 

into six main sections: 1) dairy farming system in Tanzania, 2) fertility management in dairy 

cows, 3) dairy development and its impacts, 4) control of the oestrous cycle for improved 

fertility, 5) dairy cow reproductive management 6) evaluation of herd fertility and 7) body 

condition and review summary and conclusion.  

2.1. Dairy farming in Tanzania 

In the 2019/2020 livestock census, Tanzania had the second-largest population of 

cattle in Africa, with 33.9 million head of cattle (second only to Ethiopia, which had 60.4 

million). Of the cattle kept in Tanzania, 33.8 million are owned by smallholder farmers, and 

only 143,000 are found on large-scale farms (NBS&OCGS, 2021). The cattle population is 

concentrated in the Lakes area, central Tanzania, and the Northern and Southern Highland 

regions (Figure 1) (Kurwijila et al., 2012; CSIRO, 2020). Tanzanian cattle are kept for multiple 

purposes, including meat, draft power and milk, and as a readily accessible form of savings 

(NBS&OCGS, 2021). 

The 2019/20 livestock census (NBS&OCGS, 2021) reported that Tanzanian cattle 

produced 3.1 billion litres of milk. Most of this milk (approximately 90%) is produced in low-

input, low-yield systems and is directly consumed by the producer’s household (CSIRO, 

2020; NBS&OCGS, 2021). Most (70%) of the milk comes from local zebu cattle (Nell et al., 

2014). The remaining 30% comes from dairy-grade cattle (crosses of exotic and indigenous 
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breeds), even though such cattle account for only 2% (i.e. 700,000 head) of the total cattle 

population (NBS&OCGS, 2021). 

Dairy cattle in Tanzania are most commonly crosses of European dairy breeds (Bos 

taurus), for example, Friesian, Jersey, and Ayrshire, with local Zebu (B. indicus), especially 

Tanzanian Shorthorn Zebu (TSHZ), but also Boran and Sahiwal (Njombe et al., 2011; Swai & 

Karimuribo, 2011) cattle. Tanzanian dairy development efforts have focused on the 

geographical areas that are most suitable for European dairy cattle. These ‘high potential’ 

areas are primarily located in the highlands, including the Northern Highlands (Arusha, 

Kilimanjaro and Tanga), with almost 43.5 dairy cattle per km2, and Southern Highlands 

(Iringa, Njombe and Mbeya), with 2.5 dairy cattle per km2, which have been identified as 

ideal places for dairy farming (Swai & Karimuribo, 2011). 

Dairy farming with improved dairy cattle in Tanzania can be divided into three 

systems: i) rural smallholder dairy, ii) urban/peri-urban smallholder dairy, and iii) medium 

and large-scale dairy farming (Nell et al., 2014). 

17



 
Figure 1. Map of Tanzania showing study regions: Southern Highland regions (Mbeya, Iringa 
and Njombe), Northern Highland regions (Arusha, Kilimanjaro and Tanga) and Morogoro. 
(Key: DC - District council, TC - Town council, MC - Municipal council and CC - City council). 
 

2.1.1. Rural smallholder dairy farming  

Almost 80% of dairy farms are rural smallholdings. These are generally mixed farms 

with both crops and livestock (Alonso et al., 2014; Nell et al., 2014). Traditionally, this 

farming system has been mostly practised in high-potential highland areas with cooler 

subtropical climates (Fernandes et al., 1984; Swai & Karimuribo, 2011; Kurwijila et al., 2012). 

Fertile soil, steep slopes and high rainfall characterise these areas. Typical smallholder dairy 

farming areas include Mount Kilimanjaro, Mount Meru, and the Pare mountains in the 

North; and, in the South, the highland regions of Iringa, Njombe and Mbeya (Spear, 1997; 

Kurwijila et al., 2012). Smallholder dairy farming is, however, currently practised all over the 
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Tanzanian mainland (Nell et al., 2014) and in Zanzibar (Suleiman et al., 2016), with 

smallholder dairying gradually expanding into areas outside of its traditional range (i.e. into 

the arid, semi-arid, sub-humid and humid areas of Tanzania (MLFD, 2010; Njombe et al., 

2011). 

Mean herd size in the smallholder farming system is ~4, ranging from 1 to 12 cattle 

per household (McDermott et al., 2010; Njombe et al., 2011; Alonso et al., 2014; Nell et al., 

2014; Suleiman et al., 2016). Smallholders generally keep cattle under limited grazing 

systems, with feeding based on forages such as Napier grass (Pennisetum purpureum), 

cultivated along the farm boundaries, crop residues, and cut grasses from waste or 

communal land (Ngigi et al., 2010; Gillah et al., 2012, 2013a). Animals graze outside for 

several hours during the day and are then confined at night, when they receive 

supplementary feed (Gillah et al., 2013b). Farmers typically invest little in farm 

management, resulting in a generally low level of input into breeding (artificial 

insemination, bull services), animal health (veterinary care), and feed supplements and feed 

conservation (Nell et al., 2014). Supplementary feeds are derived from the main crops found 

on smallholder dairy farms. These include perennial crops such as bananas and coffee in the 

Northern Highlands (Kilimanjaro/Arusha), North-west (Kagera region), and the Southern 

Highlands (Iringa, Njombe, and Mbeya), as well as annual crops like maize and cereals in the 

central regions (Kurwiljila, 2010). These crops are principally grown for human consumption, 

but their by-products are fed to cattle.  

The genotype of the dairy cows in rural smallholder dairy farming is mainly dairy Bos 

indicus (most commonly Friesian and Ayrshire) crossed with local Bos taurus breeds (Bee et 

al., 2006; Nell et al., 2014), with the occasional purebred dairy cow. The principal sources of 
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improved heifers for most smallholders are dairy development programmes (DDPs), such as 

those in Tanga (Tanga Dairy Development Programmes), Kagera (Kagera Livestock 

Development Programmes) and the Southern Highlands Dairy Development Programmes 

(SHDDP); and Heifer-in-Trust schemes (Msangya et al., 2015). These schemes and 

programmes distribute crossbred (Bos indicus x Bos taurus) heifers/in-calf heifers to rural 

smallholder farmers (MLFD, 2010; Swai & Karimuribo, 2011; Nell et al., 2014; Msangya et al., 

2015). Other less important sources include government organisations, i.e. Livestock 

Multiplication Units (LMUs) and National Ranching Company (NARCO) and Non-

Governmental Organizations (NGOs) (MLFD, 2010).  

Rural smallholder dairy farming is characterised by low levels of milk productivity, 

accompanied by low production costs due to the use of ‘low-tech’ solutions, management, 

and reliance on locally produced, low-cost feeds (i.e., a low-input, low-yield system) 

(Hemme & Otte, 2010). Generally, in smallholder dairy farming systems, cows have the 

potential to produce ~15 litres per day, but the average milk production is around only 8 

litres per day (Kavana & Msangi, 2005; Kivaria et al., 2006; Hemme & Otte, 2010; Gillah et 

al., 2013b). The principal driver of this low milk production is likely underfeeding with feeds 

of poor nutritional value, as well as poor feeding management at critical times, especially 

during early lactation and the dry period (Kavana & Msangi, 2005; Gillah et al., 2013b). The 

cattle in such systems, therefore, have the potential to produce higher yields, but to do so 

would require improved nutrition and management (e.g. breeding management, calf 

rearing), as well as better animal health services and infrastructure (Msangi et al., 2005; 

McDermott et al., 2010; Alonso et al., 2014; Suleiman et al., 2016). The lack of infrastructure 

in rural Tanzania is a significant constraint on milk production, as direct marketing to 
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consumers or manufacturers is limited, and smallholder farmers must rely on milk collecting 

centres or middlemen (Nell et al., 2014). 

2.1.2. Urban and peri-urban smallholder dairy farming 

Peri-urban dairy farming is found in the coastal belt, mainly near Dar es Salaam, 

Tanga, Morogoro and other urban centres, where many retired officers, civil servants and 

businessmen/women have taken up dairying as a means of generating either principal 

income (Kavana & Msangi, 2005) or additional income (Kurwiljila, 2010). Urban and peri-

urban smallholder farms have a mean herd size of ~9 cattle (Gillah et al., 2013b). This does 

not differ much from that of rural smallholder farms, but farmers use more inputs, resulting 

in the production of more milk per cow: on average, ~10 L/day (Nell et al., 2014). Where 

grazing is used, it is usually more intensive than in rural smallholdings, but zero grazing is 

common. Animal genetics in this system is either purebred dairy (i.e. Friesian, Ayrshire or 

Jersey), or crossbreed (Gillah et al., 2013b; Nell et al., 2014).   

As grazing land around the towns or cities is more expensive and less available, cattle 

are mainly stall-fed ‘cut and carry’ natural grasses, principally Napier grass (Pennisetum 

purperium) and Guatemalan gamagrass (Tripsacum laxum), as well as crop residues(maize 

and sorghum stover, rice straw and bean straw) (Kavana & Msangi, 2005; McDermott et al., 

2010; Maleko et al., 2016). In this system, forage vending, where young boys cut forage 

from open areas/fallow land and sell it to smallholder dairy farmers, is very common, 

especially near large urban areas such as Morogoro or Dar es Salaam, with most of the 

forage transactions being made along the highways (Gillah et al., 2013b). The quality of 

naturally occurring green pasture is generally only moderate, with a mean in vitro digestible 

organic matter content of 56%, ranging from 55% to 70% during the rainy season and 

slightly lower during the dry season.  A typical feed analysis for such pasture is: 35% dry 
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matter; 12% ash in dry matter; 7% crude protein; 56% in vitro dry matter digestibility; 56% 

in vitro organic matter digestibility, and 9.0 MJ/kgDM-1 of metabolizable energy (Kavana & 

Msangi, 2005). Thus, forage quality is a significant constraint on milk production near major 

cities (Kavana & Msangi, 2005). In other urban areas where land is more freely available (i.e. 

the highlands), most dairy farmers (~78%) produce much of their forage requirements from 

farm-established fodder units (Swai et al., 2005a), such that forage quality and quantity are 

less significant constraints. 

Supplementation with energy-rich home-made concentrates is common in both 

lactating and dry cows (Gillah et al., 2013). The concentrates are typically made of maize 

bran and rice polish (60-70%), sunflower seed or cottonseed cake (~25%), mineral 

supplement (2%) and salt (1%) (Kashoma & Ngou, 2021). Supplementing early postpartum 

cows and pregnant cows in the last trimester (‘steaming up’ of dry cows) is most common in 

farmers with fewer than 10 cows (Mellau et al., 2009; Gillah et al., 2013b). Breeding practice 

is a mix of AI (either locally produced or imported semen) and natural mating using a bull 

(often borrowed from a neighbour) (Gillah et al., 2013b; Nell et al., 2014). Most dairy 

farmers in this system prefer natural service over AI (Gillah et al., 2013b) since unreliable AI 

services, low conception rates and high costs have put off many smallholder farmers from 

using the service (Msangi et al., 2005). In places where AI is abundantly used as the means 

of breeding (i.e. around the cities of Dar es Salaam, Arusha, and Mbeya), and urban and 

peri-urban areas in the highlands and Kagera, cows produce more than they do in the areas 

where AI is rare (Gillah et al., 2013b). 
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2.1.3. Medium and large-scale dairy farming 

Medium and large-scale dairy farms are rare in Tanzania and account for only 5% of 

milk production (Nell et al., 2014). Many are government-owned farms, including LMUs (Sao 

Hill-Iringa; Ngerengere-Morogoro; Mabuki-Mwanza; Nangaramo, Mtwara and Kitulo dairy 

farm, Makete-Njombe), Livestock Training Agencies farm (LITA), and Universities (Sokoine 

University). There are also some medium and large-scale farms, which are either privately 

owned or belong to religious institutions (MLFD, 2010). Medium-sized commercial 

specialised dairy (CSD) (farms with more than 100 cattle to 450 cattle on average) have their 

input delivery systems (Mbwambo et al., 2019). 

Genetically, most of the animals in these farms are purebred Friesian, Ayrshire or 

Jersey (Gillah et al., 2013b), with some crosses with Tanzania Shorthorn Zebu (Bee et al., 

2006; Kanuya et al., 2006). The grazing system used depends on where the farm is located. 

In the highlands and less populated areas, where there is ample land available for forage 

production and conservation (in the form of hay or silage) for the dry season, grazing is 

generally extensive (Nell et al., 2014). On the other hand, in urban and peri-urban areas, 

zero grazing with the cut-and-carry system is the most common method (Gillah et al., 2012, 

2013b). Medium- and large-scale farms predominantly use AI, with natural service or mating 

using farm-raised bulls being less common (Msalya, 2017b).  

2.2. Management of fertility in dairy cows 

 Generally, the lactation curve of dairy cattle peaks at 40-80 days post-calving, 

followed by a progressive decline until the cow is dried off (Otwinowska-Mindur & Ptak, 

2016; Atashi et al., 2021). This decline is more prominent in multiparous (multiparous cows) 

than in primiparous (primiparous heifers), which tend to have a flatter curve (albeit with a 
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lower peak), so they remain producing yields near their peak yield for longer (Hudson et al., 

2018; Atashi et al., 2021). Because of the lactation curve, the lifetime productivity of a dairy 

cow is dependent on the number of periods during which the cow is producing its peak milk 

yield. Optimising lifetime productivity (also maximising the contribution of grazing for 

maintaining lactation) under pastoral or low-input systems thus requires regular calving (i.e. 

one calf per year per cow, or one calf every 365 days: (Strandberg & Oltenacu, 1989; 

Burgers et al., 2021a). To achieve the goal of having one calf per year, cows must become 

pregnant in a short period after calving (Louca & Legates, 1968; Ghoribi et al., 2001): as the 

average gestation length of cattle is 282 days, the target average interval between calving 

and conception is <90 days (Louca & Legates, 1968; Silva et al., 1992).  

Being an important aspect for determining the milk production pattern of a dairy 

cow, the lactation curve should underpin the farm management on productivity and 

management. Tanzanian dairy production is dominated by smallholder dairy cattle farmers, 

and cut-and-carry forage feeding is a common practice (Swai & Karimuribo, 2011). Even 

though the lactation curve of smallholder dairy cows is highly affected by nutrition, breed 

and diseases, they are still found to follow the standard pattern, i.e. with an initial rise in 

milk soon after calving, peaking around 4-6 weeks, followed by a gradual decline. 

Nonetheless, Dismas Said et al. (2022) reported that other herds had suboptimal curves 

with lower peak yields and a more post-peak rapid decline, which indicates inadequate 

nutrition and health management that undermines lactation persistence. 

The interval between calving and conception depends on two factors: (i) the interval 

between calving and first breeding, and (ii) the interval between first breeding and 

conception. One of the key determinants of the length of the former is the interval between 
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calving and when a cow becomes eligible to mate (voluntary waiting period: VWP). The VWP 

is determined by farm management and can be set either at the herd or individual level. 

VWP is highly influenced by the lactation curve (for individual cows) and by the replacement 

policy of a particular farm (VanRaden et al., 2004; Cassandro, 2014). In seasonally calving 

herds, where there is a defined breeding season, there is no VWP per se, as cows are bred as 

soon as they are observed in oestrus in the season, while those detected in oestrus before 

the start of the season are not bred until the beginning of the season. Culling is the final fate 

for cows that fail to become pregnant (Orpin & Esslemont, 2010). The decision about how 

long non-pregnant cows can be kept after calving is farm and system-dependent and also 

the cow’s lactation persistency (Dekkers et al., 1998; Hudson et al., 2018; Burgers et al., 

2021b). 

2.3. Dairy development and its impacts 

Over recent decades, major advances have occurred in the management, feeding 

and breeding practices of dairy cows. Genetic advancement has resulted in the 

development of heavier breeds that have larger abdominal capacity, are leaner and have a 

higher milk yield potential (MacDonald et al., 2007; Berry et al., 2014). Conversely, these 

animals also have challenges related to animal health and fertility, some of which have been 

exacerbated by genetic advancement, especially with high milk production (Royal et al., 

2000; Pryce & Veerkamp, 2001; Walsh et al., 2011). Although the link between selection for 

milk yield and reduced fertility is clear at the population level, this does not mean that high-

producing cows will necessarily have poorer fertility (Gutierrez et al., 1999; Weigel, 2006). 

Within the same system, high-producing herds, there could be a small proportion in the 

herd that will often have fertility that is as good as, if not better than, low-producing ones, 

and, in well-managed herds, high-producing cows will have fertility that is as good as, if not 
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better than, their lower-yielding herd-mates (Kearney et al., 2004; Oltenacu & Algers, 2005). 

Currently, breeding programmes have started to include fertility traits to reverse the trend 

towards reduced fertility (Crowe et al., 2018) without reducing milk yield (Weigel, 2006; 

Marchitelli et al., 2017). 

The other major change that has occurred globally on dairy farms in recent decades 

has been a dramatic increase in herd size (Butler, 2000; Galina & Orihuela, 2007; Crowe et 

al., 2018). This has been most pronounced in high-income countries, particularly North 

America (Hadley et al., 2002) and China (Fuller et al., 2005), but has also been observed in 

dairy-focused commercial farms in lower-income countries, including Tanzania (Kurwijila et 

al., 2012). The increase in the number of cows per herd has led to a decrease in the time 

spent monitoring an individual cow, as each farm worker is responsible for more cows 

(Waiblinger & Menke, 1999; Kerbrat & Disenhaus, 2004; Stevenson & Britt, 2017). This has 

had a substantial impact on the effectiveness of oestrus detection (Butler, 2000; Galina & 

Orihuela, 2007) and, hence, important fertility information, such as when cows come into 

oestrus and the characteristics of that oestrus, is often missing (Dobson et al., 2008). This 

commonly leads to mistimed insemination and missed oestrus (McLeod et al., 1991).   

Traditionally, cows are monitored for visual oestrus signs such as ‘standing to be 

mounted’ (regarded as the primary sign of oestrus) by herd mates (Sveberg et al., 2015; 

Stevenson & Britt, 2017). A cow in oestrus also shows other signs referred to as ‘secondary’ 

oestrus signs, e.g. non-sexual behavioural activity and external genital changes (Yoshida & 

Nakao, 2005), which include mounting other cows; restlessness; swelling, relaxation and 

congestion of the vulva; clear mucus discharge, metoestral bleeding after oestrus and 

reduction of appetite and milk yield (Diskin & Sreenan, 2000; Lyimo et al., 2000; Sveberg et 
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al., 2015). These signs can be observed before, during or after the period of true oestrus 

changes (Yoshida & Nakao, 2005). If cows are unable to display standing oestrus activity e.g. 

those kept in tie-stall barns (Firk et al., 2002; Sakaguchi, 2011), secondary signs can be used 

in identifying oestrus in the cow. Differences in climate, nutrition, and management can all 

influence the display of oestrus signs (secondary or primary), so consequently, there can be 

large variations in the characteristics of oestrous behaviour from place to place and region 

to region (Yoshida & Nakao, 2005).   

Observation of cows by trained observers for 30 minutes twice a day (i.e. morning 

and evening) is usually sufficient to identify the optimal time for insemination (Van-

Eerdenburg et al., 2002; Yoshida & Nakao, 2005). However, the proportion of oestrus 

animals that stand to be mounted has been declining, dropping from 80% to 50%, along 

with a reduction in the duration of oestrus from 15 to 5 hours (Dobson et al., 2008). This is 

coupled with an inability to detect heat due to poor oestrus expression and incorrect 

insemination time as a result of genetic factors that influence the development of the 

dominant follicle (Evans & Fortune, 1997; Aerts & Bols, 2010). These trigger the 

development of different methods to increase oestrus detection (Roelofs et al., 2010). For 

example, after calving, detection of first oestrus via visual observation should ideally be 

accompanied by regular (preferably every two weeks starting from 7-21 days postpartum) 

checks for uterus and ovary recovery. These reproductive checks that can use vaginoscopic 

examination, palpation per rectum/rectal scanning, and “metrichecking” cows at risk from 

endometritis are valuable. For the second oestrous cycle, observation of individual cows 

should be intensified starting from the 19th day after the previous oestrus (Yoshida & Nakao, 

2005).  

27



Artificial insemination is traditionally done based on the AM-PM rule, meaning that 

cows detected on oestrus in the morning are inseminated in the evening, while those 

detected in the evening are inseminated the next morning (Nebel et al., 2000). However, 

this rule is being increasingly questioned in systems where oestrus detection rates are poor 

(Diskin, 2018). Paradoxically, it may also be ineffective where oestrus detection rates are 

high: i.e. when a large proportion of animals being presented are in early oestrus (Xu, 2017). 

In such circumstances, it appears that a once-daily insemination regimen is as effective as 

twice daily and providing a twice-daily insemination service is likely to increase costs 

without necessarily improving insemination success (Xu, 2017).   

 Visual detection of oestrus can be hindered by housing and footing surfaces (e.g. 

concrete flooring), especially in intensively managed dairy cows (Britt et al., 1986; Dobson et 

al., 2008; Stevenson & Britt, 2017). Other studies have shown that large herd size affects 

heat detection efficiency and hence herd reproductive performance (Dobson et al., 2007; 

Dobson et al., 2008; Michaelis et al., 2014). The behaviour of a cow (i.e. dominant or 

subordinate) can also affect the effectiveness of oestrus detection, such that, for example, 

subordinate cows may have shorter oestrus length and /or be less willing to be mounted 

than the dominant cows in a group (Landaeta‐Hernández et al., 2004). The impact of fewer 

staff and shorter, less intense oestrus expression is exacerbated in non-seasonal herds, 

where only a few animals come into heat at the same time (Van Eerdenburg et al., 2002; 

Kerbrat & Disenhaus, 2004). In contrast, in seasonal calving herds, the presence of larger 

sexually active groups (SAGs) helps in the detection of oestrus (Williamson et al., 1972; 

Kilgour et al., 1977; Sveberg et al., 2013). This tendency of cows in oestrus to approach and 

remain in the vicinity of other cows, even when other signs of oestrus are not expressed, is 

well-known among farmers (Sveberg et al., 2013). The SAG is normally comprised of cows 
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that are in oestrus, those that are coming into oestrus (pro-oestrus), those coming out of 

oestrus (metoestrus) and some dominant cows (strangers) that, for unknown reasons, want 

to be in the SAG. 

Multiple technologies have been developed for aiding the detection of oestrus, 

ranging from relatively cheap aids such as tail paint and heat mount detectors to more 

expensive technology such as pedometers and activity/rumination collars (Dolecheck, 2015; 

Talukder, 2015). The increased use of such technology has occurred alongside the 

development of computer software packages to capture, store, and analyse fertility data.  

Nevertheless, on many farms, human detection of oestrus remains the cornerstone of 

oestrus detection (The_cow_vets, 2000; DairyNZ, 2023). This is particularly so on 

smallholder dairy farms, which may depend on hired labour with little or no knowledge of 

oestrus detection.  

2.4. Control of estrous cycle for improved fertility 

The rate of detection of oestrus remains stubbornly low on many large-scale 

commercial dairy farms, especially in North America (Lucy, 2007; Saint-Dizier & Chastant-

Maillard, 2012). This has led to the development of hormonal methods of oestrous cycle 

control so that observation of oestrus can be targeted (Hansel & Echternkamp, 1972; Hansel 

& Dowd, 1986), or, increasingly, the timing of AI can be fixed (Thatcher et al., 2006; Lucy, 

2007). 

Works on the control of the oestrous cycle using hormones started in the 1970s 

when studies reported how hormonal manipulations could control the oestrus cycle  in cow, 

ewe and sow. Hormones such as progesterone, oestrogen, prostaglandin F2α (PGF2α) and 

other intra-ovarian factors like cytokines were studied (Hansel & Echternkamp, 1972; Hansel 
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& Dowd, 1986). These studies laid the physiological groundwork for the manipulation of the 

cycle. However, with time, more practical protocols were established. The use of luteolytic 

agents such as PGF2α signalled the age of ‘targeted breeding’ (Larson & Ball, 1992; Pursley et 

al., 1995). However, the use of PGF2α only produces a luteolytic effect with no direct effect 

on follicular dynamics, resulting in the interval between PGF2α injection and ovulation being 

too variable to ensure high conception rates with fixed time AI (FTAI) (Stevenson et al., 

1987; Moore & Thatcher, 2006), particularly in parous animals. This led to the development 

of the ovulation synchronisation (Ovsynch) protocol, which combines PGF2α with a 

gonadotropin-releasing hormone (GnRH) analogue (Pursley et al., 1995; Moore & Thatcher, 

2006). This protocol is summarised in Figure 2.  In this protocol, timed AI should occur 16 to 

24 hours after the second GnRH injection. This protocol eliminates the need for detection of 

oestrus as it allows all treated cows to be inseminated using a single fixed time AI (Pursley et 

al., 1995). Since its initial development, the protocol has continued to evolve with changes 

made to produce greater synchronisation of lactating cows across more animals, to increase 

the conception rate to the FTAI (Pursley et al., 1995; Moore & Thatcher, 2006).  As the 

ability of the first GnRH injection to induce follicle turnover is dependent on the age of the 

follicle, newer protocols have been developed that reduce the variability in the age of the 

dominant follicle at the first GnRH injection, e.g. ‘presynchronisation’ programs (Moore & 

Thatcher, 2006; Herlihy et al., 2012). In seasonally calving herds, where anovulatory 

anoestrus at the beginning of the breeding season is the major limiter to fertility, the 

addition of progesterone-releasing devices into the Ovsynch protocol has been used to 

increase conception rates (McDougall, 2010).  
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Figure 2. Ovsynch Programme - Protocol for oestrus-synchronisation, using a combination 

of GnRH and PGF2α followed by a single fixed-time AI. 

This focus on using hormones to control oestrus has become the main plank of dairy 

cow breeding and fertility management in many developed countries (Kim & Francisco, 

2010; McDougall, 2010). However, in Europe, the blanket use of hormones to get cows 

pregnant has raised ethical and welfare concerns (Higgins et al., 2013a; 2013b). The 

principal issue is the requirement for multiple injections in cows without reproductive 

pathology. The standard Ovsynch programme requires three injections, but if a pre-

synchronisation and resynchronisation programme is used, then cows can receive up to 10 

injections before they are diagnosed as pregnant (Moore & Thatcher, 2006; McDougall, 

2010; Stevenson & Britt, 2017) and considerably more if they fail to get pregnant the first or 

second time. The key criticism is that routine use of hormones occurs without identifying 

and correcting the issues underlying poor fertility (Higgins et al., 2013a), leading to sub-

optimally fertile cows remaining in the herd and cows being selected based on their 

response to hormones rather than their underlying natural fertility (Higgins et al., 2013b). 

This difference between prevailing opinions in the US and Europe highlights the large 
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differences in attitudes among stakeholders involved in dairy farming. The discussion also 

highlights that hormones can be a large source of income for veterinary practices, so shifting 

away from blanket hormone use will automatically reduce practice income (Higgins et al., 

2013a).  

In Tanzania, smallholder dairy farmers sometimes use hormones such as PGF2α for 

oestrus induction so that they can effectively utilise the availability of AI or a service 

provider (veterinarian or AI technician) and improve the pregnancy rate (Mgongo et al., 

2009). There is a paucity of published information on the use of hormones by smallholder 

dairy farmers and veterinarians in Tanzania. Still, anecdotally, veterinarians report using or 

advising the use of hormones. Nevertheless, hormone use will be very much more limited 

than in the US or Europe due to cost and availability (Mekonnen & Gebremariam, 2024). In 

other developing countries, control of the oestrous cycle using hormones has been reported 

for dairy cattle in Ethiopia (Mossie & Wondmnew, 2016; Fesseha & Degu, 2020). 

Reproductive hormones are used for synchronisation and treatment of repeat-breeder and 

anoestrus cows in Bangladesh (Ahammed et al., 2018), and as a tool for cross-breeding 

programs in twelve African countries (Kathambi et al., 2025).  

2.5. Dairy cow reproductive management  

There are fundamental changes taking place in dairy herd health management 

worldwide. These changes are needed as a result of changes in the technologies available 

for dairy cow reproductive management (Breen et al., 2019), alongside increases in the herd 

and farm size and productivity (McDougall, 2010; Crowe et al., 2018).  

Genetic selection programmes in dairy cattle have been predominantly focused on 

milk production, at the expense of other traits such as health and fertility (Berry et al., 
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2014). The challenge of managing cows bred for milk production is also affecting Tanzanian 

dairy farmers, as they are now using such cows and their crosses (Njombe et al., 2011; Swai 

& Karimuribo, 2011; NBS&OCGS, 2021) that are affected by production-related health 

problems, e.g. increased susceptibility to mastitis, lameness, infertility (Shanks et al., 1978; 

Knight et al., 1999) and heat stress (Shehab-El-Deen et al., 2010; Giannone et al., 2023; 

Habimana et al., 2023; Ojo et al., 2025). The impact of breeding for milk production has 

therefore limited the development of dairy herds based on exotic dairy cattle in Tanzania. 

This is primarily because poor fertility has resulted in high rates of culling due to failure to 

reproduce and consequent low numbers of heifer replacements. This, in turn, has 

necessitated the continuous importation of replacement animals of exotic breeds (Msalya, 

2017b), which has resulted in the continuation of challenges in Tanzanian dairy herds as the 

imported dairy cattle continue to succumb to disease and to underperform. For 

smallholders, such cattle are thus rightly seen as being demanding in terms of management, 

nutrition, and disease, which creates the impression that they and their F1 crossbreeds have 

little to offer the smallholder dairy farm.  

During early lactation, high milk yield in improved dairy breeds is related to a high 

capacity to mobilise body reserves to produce milk (Tamminga et al., 1997). This 

mobilisation leads to negative energy balance (NEB). Cows with a higher genetic merit for 

milk production have longer periods of mobilisation of body reserves and NEB (Macdonald 

et al., 2008a), particularly when on forage-based diets. Longer periods of NEB lead to 

reduced body condition and are associated with increased disease and reduced fertility 

(Macmillan et al., 1996; Tamminga et al., 1997; Mulligan et al., 2006; Sheehy et al., 2017). 

There has been a significant focus on transitioning the cow from dry to lactating, but even in 

large-scale commercial dairy herds, the ‘periparturient period remains a large hurdle to 
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animal welfare, farm profitability, and dairy sustainability’ (Horst et al., 2021). It has long 

been recognised that the involvement of a veterinarian in the management of transition 

cows is thus important (Mulligan et al., 2006; LeBlanc, 2010), but Tanzanian smallholder 

dairy farmers have limited involvement of veterinarians in the management of their dairy 

cows (Alonso et al., 2014). This also exacerbates the proportion of crossbred dairy cows in 

Tanzania that succumb to reproductive disorders and production diseases (Muhairwa et al., 

2014). 

The development of the modern dairy cow and the management systems that go 

with that cow have changed the role of a veterinarian concerning dairy herd fertility. 

Whereas formerly the veterinarian focused on infectious causes of infertility (such as 

Brucella abortus), mineral imbalances (e.g. phosphorus and copper deficiencies), pregnancy 

checks, and hormonal treatments (Donofrio et al., 2007; Mee, 2007; Crowe et al., 2018), the 

focus, especially on larger farms (Fahey et al., 2002), has changed to whole herd 

management, performance metrics and non-infectious production disorders (Mee, 2007; 

van Belzen, 2017), with repeated evaluations of herd health status (Crowe et al., 2018). 

These changes have been seen principally on larger farms; even in Europe and North 

America, the changes on smaller farms have been less dramatic, and there is still a focus on 

the clinically based approach (Fahey et al., 2002; Mee, 2007).  

In the Tanzanian situation, little has changed on smallholder farms. Veterinary or 

veterinary paraprofessional input is still rare and is almost always on a reactive clinical basis 

rather than on a proactive herd health approach. This reactive approach has also been 

reported in Kenya, Ethiopia, Nigeria and Uganda, where an insufficient number of trained 

professionals, high cost and bad infrastructure hinder the application of proactive 
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reproductive or health services (Asrat et al., 2016; Faramade et al., 2016; Ilukor, 2017; Jaime 

et al., 2022). Conversely, improvements have been reported in some countries like Kenya, 

where farmers’ cooperatives and integrated extension services have facilitated timely 

access to veterinary services, which have led to improved oestrus detection and general 

reproductive efficiency (Ojango et al., 2016). This underscores the need for combining policy 

support with localised delivery models to overcome systemic challenges in veterinary access 

across smallholder systems in the tropics (Otte et al., 2019).  

2.6. Evaluation of herd fertility 

Accurate assessment of herd fertility requires accurate recording of reproductive 

events (Fetrow et al., 2007; Stevenson & Britt, 2017). Precise and timely records are critical 

for the effective monitoring of the reproductive performance of both the individual dairy 

cow and the overall herd (Esslemont & Kossaibati, 2000). Key events that need to be 

recorded to be able to properly assess and analyse fertility for easy identification of 

problems and areas for improvement (Ghoribi et al., 2001) are shown in Table 2.1. On 

larger/modernised farms, computerised records can significantly aid fertility management, 

while on smaller farms, paper records can still be useful, especially when there is a person 

devoted to recording all the events required for fertility management.  

 

 

 

 

35



Table 2.1. Events to be recorded in a dairy herd to facilitate effective monitoring of 

reproductive performance (Hudson et al., 2018) 

Event Minimum Information Additional Information 

Calving  Cow ID, Date Level of intervention, calf outcome 

Insemination Cow ID, Date AI/natural, sire, operator (for AI), 
Observed oestrus/FTAI 

Pregnancy diagnosis Cow ID, Date, Result  

Reproductive disease  Cow ID, Date 

Oestrus but not 
inseminated 

 Cow ID, Date 

Other veterinary 
examination  

 Cow ID, Date, result, Treatment 

Culling Cow ID, Date  

 

Interval-based measures (i.e. inter-calving interval (ICI), calving to conception 

interval (CCI) and calving to first service interval (CFSI)) have a few inherent limitations. One 

of these is the difficulty in selecting a denominator (or ‘population at-risk’) population for 

obtaining the interval data. In year-round calving herds, this is often done by selecting a 

cohort of cows that calved over a specified period. This is problematic in that not all cows in 

the cohort may yet have reached the end point for the interval: i.e. they may not have 

received a first insemination. Ideally, in the cohort selected, the outcome (or end point) 

should be known for every cow included (Morton, 2003; Hudson et al., 2012), but that 

means the analysis is delayed, so they may not (especially in non-seasonal herds) be 

currently relevant.  

An alternative way of assessing fertility is the use of rate (risk)-based measurements, 

i.e. conception rate (CR), pregnancy rate (PR), oestrus detection rate (ODR), submission rate 
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(SR) and non-return rate (non-return to oestrus: NNR). Rate-based indices measure the 

proportion of cows in which a specified criterion is met in a specified time.  Using rate-based 

indices, denominators in the population are usually more easily defined, and their 

calculation is not as retrospective as time-to-event indices. The key limitation of rate indices 

is that they may provide inadequate information about the population as a whole.  For 

example, a low 21-day submission rate is less damaging if most cows not served within 21 

days of becoming eligible receive a service within the next few days after this. Additionally, 

care must be taken that the denominator population does not become too small (Hudson et 

al., 2012; Jenkins et al., 2016). 

Each measure of reproductive performance has its advantages and disadvantages; 

this is the reason why, when benchmarking fertility, a range of measures is normally used. 

For this review, the following fertility indices will be discussed: ICI, CCI, CFSI, CR, PR, ODR, SR 

and NNR. All of these indices are starting points to precipitate further examination and then 

identify the underlying parameters that are affecting them. 

2.6.1. Inter-calving interval/index (ICI) 

Customarily, the ideal reproductive performance of a pastoral dairy cow is 

characterised by its ability to produce one calf per year. Consequently, the inter-calving 

interval (ICI), the interval (usually recorded in days) between successive calvings for an 

individual cow, has been adopted as a standard measure of overall fertility performance 

during the lifetime of a dairy cow (Hudson et al., 2012; Cassandro, 2014) and has been used 

extensively to summarise the reproductive performance of a dairy herd. The mean inter-

calving intervals of all cows in the herd at a specific time, calculated retrospectively from the 

most recent calving, are referred to as the calving index (Noakes, 1997). The optimal ICI is 
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generally considered to be 365 days for animals managed at pasture, although Lehmann et 

al. (2016) suggested that extended intervals could have the same economic gain in animals 

with high peak yield and persistent lactations. Further, extended ICI as a result of extended 

lactation is becoming commonplace in non-seasonal herds of Holstein cows, which are 

capable of maintaining high yield for a longer time (Mellado et al., 2016) (also, because the 

primary market for milk is a liquid, sold to urban populations, where they catch a high 

price). Even though optimal values of ICI could be used as an indicator of reproductive 

performance (Schmidt, 1989; Plaizier et al., 1997). However, ICI might not be the most 

desirable direct measure of fertility (Cassandro, 2014), as it is an estimate of past rather 

than current reproductive performance. It also cannot be applied to cattle that have not yet 

calved twice (e.g. primiparous/nulliparous) (Upham, 1991).  

To make the inter-calving interval more current and apply it to both cows and 

heifers, Fetrow et al. (1990) suggested the use of the projected/predicted inter-calving 

interval (PICI). The predicted inter-calving interval can be estimated once the cow has been 

confirmed to be pregnant (Fetrow et al., 1990; Upham, 1991; Noakes, 1997), while the 

predicted calving index is the mean predicted inter-calving interval of the herd.   

Calving index can also be broken down into its components, e.g. calving to 

conception interval and conception to subsequent calving. These can also be summarised 

across the herd (Hudson et al., 2012), with the predicted inter-calving interval being 

obtained from the summation of two components: i.e. calving to conception interval and 

the interval from conception to subsequent calving (gestation length) (Fetrow et al., 1990; 

Hudson et al., 2012).  

Hence, ICI = CCI + gestation length 

38



If the CCI is 85 days and the gestation length is 280 days,  the ICI is calculated as follows.  

ICI = 85 days + 280 days = 365 days 

The advantages and disadvantages of inter-calving interval and index are presented 

in Tables 2.2 and 2.3.  

 Table 2.2. Advantages and disadvantages of inter-calving interval/index 

Advantages Disadvantages 

• The ICI indicates how 
closely the individual 
cow or herd 
approximates the 
accepted optimum of 
365 days. 

• It is simple to evaluate 
and easy to understand.  

 

• It is extremely historical/retrospective – it requires two 
consecutive calving dates, so on a herd calculation basis, 
events from as much as 2 years before are still used in 
the current calculation. It has substantial lag, because 
the outcome from reproductive management efforts 
can only be identified at the end of the next gestation 
period. 

• It introduces bias by excluding some populations, i.e. 
culled cows, first-lactation animals, animals pregnant 
but not yet calved and cows which are not to be bred for 
other reasons.  

 

Table 2.3. Summarises the advantages and disadvantages of the predicted calving index 

Advantages Disadvantages 

• The PCI indicates how closely the 
individual cow or herd approximates 
the accepted optimum of 365 days. 

• It is simple to evaluate and easy to 
understand.  

• It contains recent and prospective 
information. It includes first-lactation 
cows (primipara) 

• It is highly affected by infertile cows, 
because infertile cows (cows that have 
had long intervals from calving but are 
not yet pregnant) are excluded from 
the calculation and artificially reduce 
the projected inter-calving interval 
(Meadows, 2005). 

The average calving index in dairy cows is often much longer than the target 365 

days, although there is significant variation between farms and in countries. For example, a 

survey of 500 Holstein herds in the UK identified a median calving index of 402 days, but the 

top 10% of herds had a calving index <380 days (Hanks & Kossaibati, 2012). In contrast, the 

median calving index in Ireland was reported as 387 days, with 10% of herds having a calving 

index of <365 days. There are only a few reports of the calving index of dairy cows kept in 

smallholder units and government farms in Tanzania. However, they all show that inter-
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calving intervals are far longer than the 365-day target: 477 days (Kanuya et al., 2000); 500 

days (Swai et al., 2005b); 480 ± 2 days (Asimwe & Kifaro, 2007) and 476 ± 14 days (Swai et 

al., 2007).  

2.6.2. Calving to conception interval (CCI) 

Calving to conception interval is used as a more immediate measure of herd fertility 

than inter-calving interval. ICI is the sum of the calving to conception interval and gestation 

length. However, gestation length is not really a measure of reproductive efficiency, 

because it is hardly ever controlled by farm management, and variation around the mean is 

usually only of the order of a few days, even though gestation length is heritable and can 

thus potentially be manipulated by choice of bull (Jenkins et al., 2016). In contrast, calving to 

conception interval directly measures reproductive efficiency by measuring how quickly 

cows become pregnant after calving, and is directly influenced by farm management (Silva 

et al., 1992; Noakes, 1997; Aoxing et al., 2017).  

Calving to conception interval provides similar information to that of calving index, 

but less retrospectively, as the endpoint of the interval is a successful service (usually 

confirmed by pregnancy diagnosis) (Noakes, 1997). Calving to conception interval is 

measured by counting the number of days from calving to the breeding that has resulted in 

pregnancy. i.e. usually the last recorded service (AI or natural) (Noakes, 1997; Hudson et al., 

2012). Calving to conception interval is a useful measurement of reproductive performance, 

but it requires the following information:  

i. Calving date 

ii. Date of successful service / effective service  

iii. A positive diagnosis of pregnancy 
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For the average ICI to be 365 days, the average CCI must be 85 days (assuming 

gestation length is 280 days) (Esslemont, 1992; Plaizier et al., 1997).  

Calving to conception interval is, in turn, composed of the voluntary waiting period 

(VWP) and the interval between the end of the VWP and conception (Hudson et al., 2018). 

Voluntary waiting period is normally determined by farm management and is usually around 

48-70 days after calving. At the herd level, CCI is normally expressed as an average. Since CCI 

data are usually right-skewed, median values are more representative and comparable than 

mean values (Hudson et al., 2012; 2018), especially if it is combined with a measurement of 

the spread of the distribution, such as the interquartile range. In seasonal-calving herds, the 

VWP is determined by the date of the start of breeding since all cows (usually regardless of 

calving date) are available for breeding after that date. In such herds, calculating the interval 

from the start of breeding to the first, or the successful, service is a useful measure of 

reproductive efficiency.  

CCI can also be thought of as being composed of how soon after calving the cows are 

inseminated and how readily they become pregnant when they have been served (Laven, 

2017). 

Then, CCI can be expressed as: 

CCI = calving to first service interval + interval from first service to conception 

Thus, to achieve the 85-day CCI target, if the average calving to first service interval 

is 60 days, then the average interval from first service to conception needs to be <25 days.  

The main limitation of CCI is that it only includes data from cows that have become 

pregnant and excludes cows that have failed to become pregnant or that are culled before 
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becoming pregnant. An alternative to CCI, which does use such data, is ‘days open’. Days 

Open is the same as CCI for cows that have conceived, but for non-pregnant cows, the 

number of Days Open is the interval between calving and culling for failure to get pregnant 

(Upham, 1991; Potgieter, 2012). Days Open are thus always longer than CCI, except if all 

cows get pregnant. Days Open is reported in the same way as CCI and is affected by the 

same factors (e.g. VWP, interval to first service, conception rate and oestrus detection), 

except that it is also influenced by the maximum interval between calving and mating or 

culling. A farm that allows cows to be served up to 400 days after calving will have longer 

Days Open than a farm that only allows 200 days. 

Reports on CCI in dairy cows in Tanzania include those by Kanuya et al. (2000), who 

reported a median CCI of 221 days and a median days open of 267 days; and Lyimo et al. 

(2004), who reported a CCI of 123 ± 11 days. Table 2.4 below presents the advantages and 

disadvantages of calving to conception interval /days open. 

Table 2.4. Advantages and disadvantages of calving to conception interval /days open 

Advantage Disadvantage 

• It is an accurate measure of fertility 
because it is based on a positive diagnosis 
of pregnancy. 

• A simple figure that makes it easy to 
understand and fits into yearly planning. 

• DO only: includes data from cows that fail 
to become pregnant.  

• The measure requires reasonable records 
and an accurate pregnancy diagnosis. 

• Management-related:  A breeding policy 
to delay first service increases CCI and 
days open  

• CCI only: Does not include data from 
cows that fail to get pregnant 

 

2.6.3. Calving to first service interval (CFSI) 

 Calving to first service interval is defined as the number of days from calving to the 

first service postpartum (Noakes, 1997). The two factors driving calving to the first service 

interval are the VWP and the interval between the end of that period and the first service. 
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The length of the latter period is determined by the cow’s ability to display oestrus (or the 

interval between calving and the resumption of oestrous cycles), as well as the ability of 

farm management to detect the cows that are in oestrus (Hudson et al., 2018).  Calving to 

first service interval is influenced by the following (Noakes, 1997): 

i. The time taken to return to normal cyclical ovarian activity  

ii. The detection of cows in oestrus after calving 

iii. Type of cow –Primipara and high-yielding cows frequently have longer intervals 

to first service 

iv. The need to alter or maintain the calving pattern of a herd, for example, 

changing calving time in pasture-based cows. 

In seasonally calving herds, calving to first service interval is generally of less value as 

a fertility measure, as the critical measure in such herds is the proportion of cows bred after 

the start of the mating period (submission rate) (Laven, 2017).  

For most cows, the interval to first service from the end of the VWP is shorter than 

the VWP. This is because cows will come into oestrus at a random interval after the VWP. 

On average, if all cows cycle and all cows are detected in oestrus, this will be ½ of the inter-

oestrus interval (~11 days), so for a VWP of 60 days, the average calving to first service 

interval (CFSI) should be 71 days. However, as not all the cows in a cohort will cycle and not 

all cyclic cows will be detected in oestrus, then the herd average interval between the end 

of the VWP and first service will usually be longer than 11 days. As with the previous 

measures, data for calving to first service interval are right-skewed, which means that 

median values are more useful than mean values for assessing herd performance (Hudson 
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et al., 2018).  The same argument applies in seasonal herds regarding the interval from the 

start of mating to first service.  

The main difference between CCI and CFSI is that the former requires successful 

insemination. The difference between CCI and CFSI is thus a reflection of the success of 

insemination. If the difference is small, then it means that most cows conceived after the 

first service, and when it is large, it indicates that many cows required subsequent 

inseminations. Moreover, CFSI can be used to evaluate the efficiency of oestrus detection, 

i.e. shorter intervals may imply good oestrus detection as more cows are submitted earlier 

for service, but this is dependent on oestrus detection being accurate.  

The targeted average CFSI should be between 65 and 75 days, as when combined 

with effective service, this can still enable the farm to have one calf per year (Laven, 2017). 

Values of CFSI so far reported in Tanzania are greater than this target: 155 days (Kanuya et 

al., 2000) and 87 ± 9 days (Lyimo et al., 2004). Table 2.5 below presents the advantages and 

disadvantages of calving to the first service interval.  

Table 2.5. A summary of the advantages and disadvantages of calving to the first service 
interval 

Advantage Disadvantages 

• Prospective - 
target set for 
breeding that can 
be used for early 
identification of 
problems 

• Management-related, as breeding policy is key. The set VWP 
directly affects the calving to first service interval, with VWP 
often being dependent on factors such as age and milk yield 
that are not directly related to fertility 

• Needs first insemination recorded – not directly measurable 
using pregnancy diagnosis, as opposed to calving to conception 
interval 

• Ignores conception rate – CCI can be long if CR is low, even if 
CFSI is short  
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2.6.4. Submission rate/risk (SR) 

Submission rate/risk measures how quickly cows are served after the end of VWP, 

or, in seasonal breeding herds, after the start of the breeding period (Hudson et al., 2018). It 

is defined as the number of cows/heifers served within a specified period, i.e. 21- or 24-day 

period, expressed as a percentage of those eligible for service at the start of the period 

(Hudson et al., 2012). A good submission rate should be between 80 and 90% (Noakes, 

1997), and it is best measured in cows that have not yet been inseminated (Table 2.6). High 

SR is obtained when there is good oestrus detection and a high proportion of cows have 

resumed oestrous cycles (especially immediately after the end of VWP or the beginning of 

the breeding period in seasonal calving herds) (Inchaisri et al., 2011; Ma et al., 2022). 

Factors like anoestrus and/or endometritis may markedly reduce submission rates, even if 

there is good oestrus detection. Therefore, identifying the cause of a low submission rate is 

important, particularly in determining the respective roles of poor oestrus detection and 

anovulatory anoestrus.   

A relatively simple method of obtaining a fairly accurate measurement is to list all 

cows that are ready for service (at or beyond the VWP) at the start of each 21-day service 

period. At the end of the service period, the percentage submission risk/rate can be 

calculated as follows: 

 

Submission rate (%) 

 

= 

No. of cows or heifers served within a 21-day period  

X 

 

100 No. of cows or heifers eligible for service at the start of 

the period 

Another method is to list all cows chronologically in order of the calving date. Then, 

add 21- or 24-days to the VWP, i.e. for a VWP of 45 days, every cow should be served before 
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the target date of 66 or 69 days postpartum. The percentage SR can then be calculated as 

follows: 

 

Submission rate (%) 

 

= 

No of cows served on or before the target date  

X 

 

100 No. of cows that should have been served on or before the 

target date 

Table 2.6. A summary of the advantages and disadvantages of the submission rate 

Advantages Disadvantage 

• Submission rate is used to create an 
ongoing, updated rolling average.  

• It lacks bias (compared to calving to first 
service interval) as it includes all the 
eligible cows, not only those that have had 
first service.  

• Has less momentum - shows trends over 
time more effectively (compared to calving 
to first service interval). 

• For cows that were not submitted during 
the observation period, submission does 
not provide information on how long these 
‘failures’ take to be inseminated for the 
first time. 

• Does not differentiate between accurate 
and inaccurate oestrus detection 
(submission) 

 

Submission rate can also be calculated for a specific service, i.e. first service 

submission rate. First service submission rate (usually defined as the proportion of cows 

inseminated within the first 24 days after the end of the cow’s VWP) is the most widely 

used, particularly in seasonal systems. This submission rate shares one advantage with 

calving-to-first-service interval: it identifies how soon cows are served once they are eligible 

for insemination (Esslemont & Ellis, 1974; Esslemont, 1992; Ball & Peters, 2004). The 

submission rate for Tanzanian smallholder herds has not been reported. 

2.6.5. Oestrus/heat detection (ODR) 

In herds using AI, improving the detection of oestrus generally has a much greater 

influence upon reducing the calving-to-conception interval than improving the proportion of 

inseminations which produce a pregnancy. Effective oestrus detection enables herd 

managers to anticipate the time of a subsequent oestrus and thus improves the detection 
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rate (Table 2.8). It also enables early detection of acyclic cows after the end of VWP or the 

beginning of the breeding period in seasonal calving herds (Ball & Peters, 2004; Roelofs et 

al., 2005; Layek et al., 2011). Oestrus detection has a direct influence on the number of 

cows/heifers that are presented for insemination/service (submission rate). Therefore, 

submission rate is commonly used as a primary measure of oestrus detection (LeBlanc, 

2007; Walsh et al., 2011; Laven, 2017).   

Oestrus detection depends on the ability of a cow to show oestrus, and once it does, 

the probability of it being detected. A comprehensive review of the factors affecting 

oestrous behaviour and its detection is beyond the scope of this chapter; however, both are 

influenced by a wide range of factors. Factors contributing to poor oestrus expression 

include nutrition, housing, milk yield, genetics, and disease (Dobson et al., 2008). Other 

factors, including poor building layout, insufficient time spent observing cows and limited 

staff training, can also lead to a reduced probability of cows in oestrus being detected (Van 

Eerdenburg et al., 2002; Kerbrat & Disenhaus, 2004; Machado et al., 2010).  

When assessing the effectiveness of oestrus detection, two aspects are crucial: 

(i) the proportion of cows that are truly in oestrus and correctly detected ( i.e. sensitivity) 

and (ii) the proportion of cows detected in oestrus that are not actually in oestrus (i.e. false 

positive or specificity error) (Upham, 1991; Fetrow et al., 2007; Fodor & Ózsvári, 2015). 

However, neither of these is simple to measure.  Oestrus detection intensity (ODI) is the 

proportion of eligible cows/heifers that should be coming into oestrus that are detected in 

oestrus (Upham, 1991; Fetrow et al., 2007; LeBlanc, 2007; Fodor & Ózsvári, 2015). However, 

the degree to which oestrus detection intensity accurately reflects the true proportion of 

cows in oestrus that are detected depends on the population chosen, in particular, whether 
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the eligible cows cycle within the observation period. For example, in seasonal calving 

systems, this issue can be recognised by identifying a cohort of cows (older cows that have 

calved at least 8 weeks before the start of the mating season) that have a very high 

likelihood of being in oestrus within 3 weeks of the start of the mating season and 

calculating the proportion of those observed in oestrus for 3 weeks (Diskin & Kenny, 2014; 

Laven, 2017).  

Like submission rate, ODI is best measured in cows that have not yet been 

inseminated.  ODI is very similar to the submission rate, unless a high proportion of eligible 

cows seen in oestrus are not inseminated. Ensuring that only cows in true oestrus are 

submitted for service (i.e. cows are not recorded as being in oestrus when they are not) 

requires additional testing, such as progesterone testing (Foulkes et al., 1982; Blavy et al., 

2016). Cows in oestrus have very low milk progesterone concentrations, but if the cow is not 

actively cycling (i.e. it is in anoestrus), then milk progesterone concentrations can be low 

even though the cow is not in oestrus. 

Measurement of inter-oestrus intervals allows oestrus detection efficiency (ODE) to 

be calculated. This is perhaps the best overall measure of the quality of oestrus detection. 

ODE is calculated from the percentage of all intervals within each category (see Table 2.10). 

A high proportion of intervals should be between 18 to 24 days (or integer multiples of that 

figure, e.g. 36-48 days (Noakes, 1997; Hartigan, 2004; Forde et al., 2011). Table 2.7 presents 

the categories of interservice/inter-oestrus interval.  
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Table 2.7. Categories of interservice/inter-oestrus interval (Hudson et al., 2012) 

Category Interval (days) Remark 

a 2-17/<18 1-day interval excluded (often indicates cows served when 
not truly in oestrus, can also be produced by cows with 
follicular cysts)  

b 18-24 Normal interval length (likely to represent correctly detected 
heats with no missed oestrus in between) 

c 25-35 Inaccurate interval/return at an extended interval (may 
represent late embryonic death, incorrectly identified/missed 
estruses, or the use of prostaglandin after an early negative 
pregnancy diagnosis) 

d 36-48 Double normal interval length (likely to represent correctly 
identified heats with a missed oestrus in between) 

e >48 Could represent more than one missed heat, or fetal 
death/abortion (also difficult to interpret, except by 
reference to a threshold percentage) 

 

Therefore, oestrus detection efficiency is expressed as follows:  

 
 

Oestrus detection efficiency (%) 

 

= 

b+d  

X 

 

100 a+b+c+2(d+e) 

Table 2.8. A summary of the advantages and disadvantages of the oestrus detection rate 
(ODR) 

Advantage Disadvantages 

• All eligible cows are included 

in the calculation 

• It does not include oestrus detection accuracy (i.e. it 

includes false positives) and thus may overestimate 

the true detection rate if a large number of cows 

with short inter-service/interbreeding intervals are 

included in the calculation  

• It is inapplicable when hormonal synchronisation 

programs are carried out because the cows’ oestrous 

cycle is manipulated 
 

When interpreting oestrus detection rates, it is important to take care when 

interpreting values that are higher than is normal for the system, as this could mean that a 
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large proportion of the cows being bred are not in true oestrus (Fodor & Ózsvári, 2015; 

Laven, 2017). If this is the case, then the proportion of inseminations that result in a 

pregnancy will be low. In contrast, if only cows with definitive signs of oestrus (true oestrus) 

are detected, then oestrus detection rates will be low, but the proportion of inseminations 

that result in pregnancy will be high (Fodor & Ózsvári, 2015). Poor oestrus detection can be 

inferred when a large percentage of cows that are not pregnant are presented for routine 

pregnancy diagnosis at 6-8 weeks post breeding (Noakes, 1997).  

2.6.6. Non-return rate (NRR) 

Non-return rate depends on the complete recording of subsequent inseminations 

(Rycroft & Bean, 1992; Miglior et al., 1998; Weigel & Rekaya, 2000). It is defined as the 

percentage of inseminated cows that are not re-presented for insemination within a set 

period of time, usually ranging between 30 to 60 days. It is thus an estimate of the 

proportion of cows that conceive to each insemination (LeBlanc, 2007; Santos et al., 2009; 

Laven, 2017). It is most useful as a measure of reproductive performance when the outcome 

of the insemination is not definitively known (Table 2.9). Thus, AI services use non-return as 

a proxy for conception rate, as the final outcome of the insemination is not known to them. 

As calculated in AI services, NRR is characteristically higher than CR or PR by a fixed 

proportion that varies between seasonal/non-seasonal calving systems (and the NRR 

interval). (Foulkes et al., 1982; Morton, 2010) 

Table 2.9. Advantages and Disadvantages of Non-Return Rate 

Advantages Disadvantage 

• It is cheap, i.e. only requires 
insemination records 

• It is quick, i.e. fertility data obtained 
within 30-60 days 

• It is inaccurate as it does not take into 
account the final pregnancy rate 
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2.6.7. Conception rate (CR)  

The risk of a cow becoming pregnant after insemination (usually after a single 

insemination) is usually referred to as the conception rate (Trimberger & Davis, 1943; 

Upham, 1991; Ferguson & Galligan, 1999; Laven, 2017). However, the proportion of cows 

that conceive (i.e. have a fertilised embryo), is much greater than the proportion of 

pregnant cows at the time of pregnancy diagnosis (Noakes, 1997; Ferguson & Galligan, 

1999), so it has been suggested that it should be referred to as pregnancy rate (risk) 

(Noakes, 1997; Hudson et al., 2018). However, the term is used for the proportion of eligible 

cows becoming pregnant over a defined period (Section 2.6.8); the term conception rate is 

still used for the percentage of inseminations that result in pregnancy. The difference 

between conception rate and pregnancy rate is summarised in Table 2.10. 

To determine the conception rate, dates of every service must be collected and 

documented. The date of conception for each pregnant cow must also be recorded, based 

on pregnancy diagnoses. This will usually, but not always, be the date of the last service, so 

ideally, pregnancies should be aged, not just confirmed. Conception rates at first service are 

often specifically recorded because such a measure will include all the eligible cows/heifers 

(every inseminated cow will get a first service). First service conception rate is defined as the 

number of first services resulting in a pregnancy as a percentage of the total number of first 

services given over a certain period (Upham, 1991; Noakes, 1997; Fodor & Ózsvári, 2015). 

First service conception rates tend to be higher than subsequent conception rates, as cows 

with inherently good fertility are more likely to conceive to their first service than cows with 

poor fertility, so for second and later inseminations, there is a higher proportion of cows 

with poor fertility or fertility problems. However, in the presence of high levels of untreated 

postpartum disease, first service CR can be low, whilst that of later services can be higher if 
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the cows have recovered and properly established cycles. Conception rate (CR) is calculated 

as follows (with services per conception being the inverse of CR): 

 

CR 

 

= 

Number of cows or heifers that become pregnant  

* 

 

100 
Total number of cows or heifers inseminated 

Mean conception rate has been reported as 30% in the US (Norman et al., 2009), 

32% in the UK (Hanks & Kossaibati, 2012), 38% in Australia (Brownlie et al., 2011), and 48% 

in New Zealand (Brownlie et al., 2014).There are no reports on the overall conception rate 

on smallholder dairy farms in Tanzania, but Kanuya et al. (2000) reported that the first 

service pregnancy rate was 25% and 67% under AI and natural service, respectively.  

2.6.8. Pregnancy risk/rate (PR) 

Pregnancy risk/rate is an important aggregate measure of reproductive performance 

(Fetrow et al., 2007; Stevenson & Britt, 2017). It is defined as the proportion of cows that 

are eligible for breeding and become pregnant during a specified period. The most 

commonly used period is 21 days (VanRaden et al., 2004; Fetrow et al., 2007; Stevenson & 

Britt, 2017), because the average oestrous cycle length of a dairy cow is 21 days, so a 21-day 

period represents one chance for a cow to become pregnant (VanRaden et al., 2004). The 

21-day PR is the main determinant of the economic returns associated with reproduction 

(Ferguson & Galligan, 1999).  

Irrespective of the period used, PR is dependent on the detection of oestrus and the 

proportion of cows that become pregnant after insemination (conception rate/risk). Failure 

to detect cows in oestrus results in few cows being submitted for AI, combined with a low 

CR, which results in very low PR and poor reproductive efficiency. Higher milk production 

has been associated with lower CR and with less pronounced oestrus behaviour and shorter 
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expression of oestrus, and thus a decline in PR (Weigel, 2006; Mackey et al., 2007; LeBlanc, 

2010). 

Pregnancy rate is determined by taking the total number of cows that become 

pregnant during the stated period out of the total number of cows that were eligible to 

become pregnant during that period (Hudson et al., 2018).  

 

PR21 

 

= 

Number of Cows became pregnant in a 21-day period  

* 

 

100 
Number of cows eligible to become pregnant at the start 

of that 21-day period 

Identifying the cows that become pregnant just requires regular pregnancy diagnosis 

of all inseminated cows. Identifying the eligible cows is more complex. According to Fetrow 

et al. (2007), the eligible cow should have the following features:  

• Has passed her voluntary waiting period (VWP)  

• Confirmed as being open (non-pregnant) at the start of the period of interest. 

• Not flagged as a “do not breed” cow during or immediately before that period. 

 

 In smallholder dairy farming (where breeding is not synchronised), there is generally 

limited record keeping and few animals per household, so determining the proportion of 

adult pregnant cows at a regular interval could be the best way of evaluating the 

reproductive performance of cows in a particular area. 

PR 

(population) 

 

= 

Number of pregnant adult cows  

x 

 

100 
Number of adult cows eligible that could be 

pregnant 
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Table 2.10. Comparison of conception rate and pregnancy rate 

Conception rate Pregnancy rate 

• The number of confirmed pregnant cows 
divided by the total number of cows 
inseminated/serviced (proportion that 
conceives per insemination). For 
example, if, in a herd of 120 eligible 
cows, 100 cows are bred and 35 become 
pregnant, the CR is 35 per cent. 
NB: For this calculation, the number of 
eligible cows is not considered; instead, 
only those that were inseminated/ 
served.   

• The number of confirmed pregnant cows 
divided by the number of cows eligible to 
be inseminated/serviced in a specified 
period (proportion that conceive by the 
end of the breeding season). For 
example, if 35 pregnancies are confirmed 
and there are 120 eligible cows to be 
bred by the end of the breeding 
season/breeding period, then the PR is 
20.8 per cent.  
NB: This calculation does not consider 
how many cows were inseminated/ 
served.  

 

Table 2.11. Advantages and disadvantages of pregnancy rate/risk 

Advantages Disadvantages 

• It is accurate as it is based on confirmed 
pregnancies. 

• It has a limited time lag between the 
start of the assessment period and the 
analysis of data, provided regular early 
pregnancy diagnosis is undertaken. 

• If eligible cows are accurately defined, 
then PR includes data from all relevant 
cows, not just those that become 
pregnant, but also those that have been 
inseminated or those that have 
remained in the herd 

• It requires accurate recording, i.e. 
recording must include all services and 
not just the most recent one. 

• Requires regular early pregnancy 
testing.  

• Does not directly identify how soon 
cows become pregnant after calving, 
making it less informative in herds with 
wider variability in calving to breeding 
intervals. So it may be better suited to a 
herd using a high proportion of 
synchronisation where breeding timing 
is more standardised. 

 

2.7. Body condition and fertility of dairy cattle 

Dairy cows experience dynamic changes in their body weight and condition during 

the lactation period. These changes are caused by the imbalance between energy intake and 

the high physiological demands of milk production. Dairy cows enter a state of negative 

energy balance (NEB), which leads to loss in body condition during early lactation, followed 

by a gradual recovery in the mid to late lactation (Butler & Smith, 1989; Roche et al., 2009). 
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Because cows generally lose BCS after calving (although this can be mitigated by calving at 

the BCS that is optimal for the system, and by fully feeding in early lactation), cows that 

calve in low BCS will be at severe risk of impaired resumption of ovarian activity and lower 

conception rates, as well as increased risk of succumbing to reproductive disorders like 

metritis and anoestrus (Butler, 2000; Roche et al., 2007). There is also overwhelming 

evidence showing that the reproductive performance of dairy cattle has been impaired by 

genetic selection for high milk yield (Pryce & Veerkamp, 2001; Veerkamp et al., 2003; Dillon 

et al., 2006; Lucy, 2007). Single trait selection for high milk yield has resulted in the decline 

of fertility in dairy cows, with its negative effect being widely experienced across various 

management systems having different levels of nutrition (Royal et al., 2000; Lucy, 2001, 

2007). The major genetic change that has driven this negative relationship has been the 

increased ability of the modern dairy cow to utilise body tissue stores to produce milk, 

which has led to a greater and more persistent negative energy balance (NEB) in early 

lactation (Butler & Smith, 1989; Roche et al., 2009). Investigation of this phenomenon has 

highlighted the importance of body condition score (BCS) in both production and fertility 

(Pryce et al., 2000; Roche, 2006). The NEB have also been shown to associate with the 

impaired growth and functions of ovarian follicles, in particular the dominant follicle by 

altering the endocrine environment: mostly by reducing the levels of circulating insulin, 

IGF1, and LH levels and finally delaying ovulation and reducing conception rate (Beam & 

Butler, 1999; Lucy, 2008; Sheehy et al., 2017).  

2.7.1. Body condition score (BCS) and fertility of dairy cattle  

Body condition was originally defined as the ratio of body fat to non-fat components 

in the body of a live animal (Murray, 1919). Body condition score (BCS) is an estimate of a 

cow’s fat reserves, which categorises cows on a range from emaciated to obese (Jefferies, 
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1961; Edmonson et al., 1989; O’ Leary et al., 2020). This is a semi-quantitative method for 

evaluating body fat in an animal and is used in dairy cow management as a tool for decision-

making by dairy producers (Whay et al., 2003). Body condition score provides an indirect 

indication of likely fertility due to its strong relationship with the inter-calving interval (Pryce 

et al., 2000; Dal Zotto et al., 2007) and the duration of anovulatory anoestrus (Royal et al., 

2002; Berry et al., 2003). Reports show that thinner cows are more likely to have longer 

inter-calving intervals, probably because they are more likely to be sustaining milk 

production at the cost of mobilising their body tissue and are, thus, yielding milk at the cost 

of reproduction (Pryce et al., 2000; Roche et al., 2007). For the same reason, low BCS at the 

time of calving or excess loss of BCS after calving are also associated with a prolonged 

postpartum anoestrous interval, thereby reducing the length of the effective breeding 

season and the chances of a cow becoming pregnant (Roche et al., 2007). 

Intense transgenerational genetic selection for early lactation and total milk 

production has occurred in dairy cows (Dillon et al., 2006). This has brought about many 

physiological changes that enable more mobilisation of energetically important tissues in 

dairy cows (Chagas et al., 2007; Lucy et al., 2009). This implies that genetic selection for high 

milk yield in dairy has modified their key endocrine pathways, especially those involving 

growth hormone (GH), insulin and insulin-like growth factors (IGFs) (Lucy, 2001). The 

elevated GH and reduced circulating insulin cause excessive tissue mobilisation, which leads 

to hypoglycaemia (Chagas et al., 2007). The suppressed activities of insulin and IGFs impair 

follicular growth and the function of the corpus luteum, which further compromises the 

reproductive efficiency of a dairy cow (Lucy, 2001; Chagas et al., 2007).  
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Further, BCS is strongly associated with the health and performance of a cow: for 

example, metabolic disorders, lameness, and infertility rates increase when cow condition 

deviates from the recommended range (Bewley & Schutz, 2008; Somers et al., 2015). BCS is 

affected by cow-level factors, including parity (Berry et al., 2003; Roche et al., 2007), age 

within parity (Pryce & Harris, 2006), and season of calving  (Pryce et al., 2001), as well as 

managemental (herd-level) factors, including stocking rate (McCarthy et al., 2007; 

Macdonald et al., 2008a), level of feeding (Roche et al., 2007), and the type of diet 

(McCarthy et al., 2007; Roche et al., 2007; Berry et al., 2008). 

2.7.2. Measurement of BCS 

There are several body condition scoring scales (scoring charts) available in the field, 

most of which were introduced in the 1970s and 1980s. Most scoring systems involve the 

palpation of the lumbar vertebrae and around the tail head (Lowman et al., 1973; Wright & 

Russel, 1984). Other body parts may also be included in the scoring systems to provide a 

broad picture of the energy reserve status of the cow. Commonly used parts include the 

thoracic and vertebral region of the spinal column (chine, loin, and rump), the ribs, the 

spinous processes of the lumbar vertebrae, the tuber sacrale (hip or hook bones), the tuber 

ischii (pin bones), the cranial coccygeal vertebrae (tail head), and the thigh region (Roche et 

al., 2004). A multiplicity of scoring systems has been proposed (Bewley et al., 2010), e.g.  

1 to 5 in the UK (Mulvany, 1981); 1 to 8 in Australia (Earle, 1976); 1 to 5 in the USA 

(Edmonson et al., 1989); 1 to 9 in Slovenia (Klopčič et al., 2011) and 1 to 10 in New Zealand 

(Stockdale, 2001; Roche et al., 2004).  

Irrespective of the scale that is used to score the body condition, the lower values in 

the scale reflect emaciation (thin cows, i.e. it has sharp bones and no palpable fat cover 
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around the tail head, whilst higher values equate to obesity (fat cow), i.e. a cow that is 

excessively fat (Roche et al., 2004). Whichever scoring scale is chosen; it is best to identify 

the scale by referencing the highest number. For example, an animal with a BCS of 5 would 

be obese on a 1-5 scale (5/5) and ideal weight on a 1-9 scale (5/9), and a cow with a BCS of 3 

would be ideal on a 1-5 scale and thin on a 1-9 scale. 

Body condition scoring can be undertaken manually or by automated means using 

technologies such as infrared (Coffey et al., 2003) or digital cameras (Bewley & Schutz, 

2008). In a manual system, the scorer either visually assesses the cow’s body shape and/or 

palpates and feels a defined anatomical region (Roche et al., 2004). Potential disadvantages 

of the manual technique include subjectivity, the time needed for scoring many animals, 

and the requirement for trained personnel to perform it accurately. Even with highly trained 

scorers, variation between scorers and within an individual scorer may limit the ability to 

accurately detect small changes in body condition (Roche et al., 2009; Vasseur et al., 2013). 

For the scope of this review, a scale of 1-5 is summarised in Table 2.12, but a scale of 1-9 is 

added to provide more details during scoring.  
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Table 2.12. A summary of body condition scoring systems and their descriptions  

(Wildman et al., 1982; Nicholson & Butterworth, 1986; Williams & Buzhardt, 2021) 

Number 
Score 

Nominal score Description 
1 to 
5 

1 to 
9 

1 1 Emaciated 

Ribs, backbone, and pelvic bones are highly prominent. No 
fat cover. Muscles are severely wasted. Deep hollow 
around the tailhead. Backbone sharply ridged; hip and pin 
bones angular. 

  2 Very thin 
All ribs, backbone, and pelvic bones are easily seen and 
felt. No fat deposits, slight muscle loss. Deep V-shaped 
hollow between the pin bones and the tailhead. 

2 3 Thin 
Ribs, hip bones, and backbone are easily palpated and 
somewhat visible. No fat cover. Pin bones are pointed. The 
thigh area shows a deep indentation. 

  4 Borderline/underweight 
Fore ribs are less noticeable but still palpable. Slight fat 
deposits over ribs and backbone. Pin and hip bones are still 
angular. The tailhead area shows a shallow V. 

3 5 Moderate/Ideal 

12th and 13th ribs no longer visible. Backbone ridge 
softens. Thin fat covers over ribs and hips. The thigh is 
more rounded. The area around the tailhead is slightly 
hollow but not deep. 

  6 Good/overweight 

Ribs and backbone are well covered with a spongy fat 
layer. Hip bones are rounded. Pin bones begin to round off. 
The tailhead area appears U-shaped. The thigh is flat to 
slightly rounded. 

4 7 Very good/heavy 
Ribs and pelvis are difficult to palpate. Fat cover is thicker 
and spongier, especially around the tailhead. Pin bones 
tap-like. The thigh is well-rounded. 

  8 Fat/obese 

Thick, spongy fat over ribs, pelvis, and backbone. These 
landmarks are hard to detect even with pressure. The area 
between the tailhead and the pins is filled. Thighs are very 
rounded. 

5 9 Obese/severely obese 

Very thick fat layer throughout the body. Ribs and 
backbone not palpable. The abdominal area distended 
outward and downward. Fat deposits over the hips, 
tailhead, face, and legs. 

 

Ferguson et al. (1994) reported the accuracy of estimating fat reserves in dairy cows 

by using BCS. They showed that accuracy is high if the cow falls in the middle range of the 

scale, i.e. on a 0-5 scale, BCS can be scored with an accuracy of 0.25 points if the score is 

between 2.5 and 4.0, but outside of this range, the accuracy is 0.5. This highlights the 
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weakness of the association between subjective BCS assessment and total fat stores in thin 

cows (it could also reflect that people rarely see BCS 1, 2, 8, 9, 10 on the 1-10 scale) and, 

probably, the inability to accurately assess total reserves (intra-abdominal as well as 

subcutaneous) in very fat cows. Similar findings were reported by Roche et al. (2004) for the 

1-10 scoring system used in New Zealand. The other factor influencing the accuracy of BCS 

assessment is whether the score given was based on tactile or visual appraisal of the cow, 

with the former being more accurate (Roche et al., 2004).  

2.7.3. BCS in Tanzanian dairy cattle 

In Tanzania, the monthly mean BCS of lactating high-producing dairy cows (cross-

breeds) was reported by Lyimo et al. (2004) as 3.1 ± 1.3 (1-9 scale: Nicholson & Butterworth 

(1986)). This was satisfactory but below the average (4.5, on a 1-9 scale) and the optimal 

score of ≥5. Lyimo et al. (2004) also reported large fluctuations in cow condition throughout 

the year, with the lowest BCS being recorded in the dry season when cows are often poorly 

fed (i.e. low-quantity and poor-quality feeds). In contrast, Phiri et al. (2007) reported that 

optimal body condition scores were much more commonly seen in crossbred dairy cows 

when measured prepartum. Phiri et al. (2007) reported that BCS ranged from 2.5-3.4 (using 

a 1 to 5 scale, with slight modifications from Wildman et al. (1982)).   

2.8. The Knowledge, Attitude and Practices (KAP) research in smallholder dairy systems 

The Knowledge, Attitude and Practices (KAP) model (also called knowledge, attitude, 

behaviour and practice – KABP survey) (Nichter, 1993; Green, 2001; Nichter, 2008) has been 

widely used as a framework in agriculture, i.e., livestock studies, especially in understanding 

how what farmers know, believe and do  influences the adoption of effective management 

and technologies (WHO, 2008; Launiala, 2009; Gemeda et al., 2020; Mulugeta et al., 2024). 

In smallholder dairy systems, KAP evaluation helps obtain information on farmers' 

awareness of a specific concept (Knowledge), their perceptions and values toward certain 
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practices (Attitudes), and the routine actions they perform on their farms (Practices). This 

tripartite structure enables researchers to identify barriers to adoption and design targeted 

interventions that improve farmers' decision-making, ultimately leading to enhanced animal 

performance outcomes. Nevertheless, KAP studies are easy to create and conduct, cost-

effective and easy to interpret the results (Launiala, 2009; Bhattacharyya, 2013). 

Being the key dairy production system in Tanzania, smallholder dairying plays a great 

role in the improvement of not only household income but also family nutrition (Leslie et al., 

1999; Paris, 2002; McDermott et al., 2010). This is because the majority of the milk 

produced in the country origination from the smallholder dairy farming (NBS&OCGS, 2021). 

There have been some studies in the region employing the KAP model: milk quality and 

hygiene in Kenya (Nyokabi et al., 2021; Chilambula, 2025); in Ethiopia (Sewunet et al., 2024); 

in Rwanda, antimicrobial use (Hirwa et al., 2024) and zoonoses (Munyaneza et al., 2025); use 

and disposal of veterinary antibiotics (Muwonge et al., 2024), safety standards  in beef 

farming (Okello et al., 2025) in Uganda. Similarly, there are studies employing the KAP model 

in Tanzania: livestock diseases (Mwaseba & Kigoda, 2017; Mengele et al., 2018; Makoga et 

al., 2023; Maruchu et al., 2023; Mramba & Mohamed, 2024); milk hygiene (Nonga & 

Mtambo, 2015; Andrew et al., 2021; Kimambo et al., 2025). Currently, there is no specific 

study that applies the KAP model to examine cattle infertility under smallholder dairy 

farming in Tanzania, a gap that this study aims to address. 

2.9. Summary and conclusion 

In conclusion, the present review on smallholder dairy cattle farming in Tanzania has 

highlighted the key demographics along with their importance, fundamental constraints and 

the reproductive challenges which are typical of the low-input systems. It has also outlined 

the various factors influencing dairy cattle fertility, including management practices, 

nutrition, farmers' knowledge and the available indicators of reproductive performance. It 

has also identified some challenges associated with measures of herd reproductive 

performance in smallholder dairy cattle farms, such as those that characterise dairy farming 

in Tanzania.  
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Building on these insights, this thesis aims to investigate the underlying causes of 

cattle infertility, focusing on the impacts of farmers' demographic characteristics, their 

understanding of issues related to cattle infertility and the evaluation of the key 

reproductive performance indicators in their herds. All these are important in planning for 

practical interventions for the improvement of reproductive efficiency. By linking the 

reviewed concepts to the Tanzanian smallholder context, the present study will offer 

evidence-based guidance to support more effective fertility management among farmers 

and other stakeholders in the sector.  
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Chapter Three: Understanding Smallholder Dairy Farming in Tanzania: A Cross-Sectional 

Survey of Farmer Demographics and Management Constraints  

 

Foreword: This chapter covers the demographics of the smallholder dairy cattle farms and 

farmers alongside their farm attendants. Additionally, the chapter addresses the general 

constraints in dairy farming and management perceived by 301 smallholder dairy cattle 

farmers across the thirteen districts of the six key dairy farming regions on the Tanzanian 

mainland. This study has been submitted for publication in the  Veterinary Medicine and 

Science Journal. In this thesis, the manuscript has been presented in the journal format and 

style.  
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Abstract 

There has been a significant shift in the population of smallholder dairy cattle farmers 

in Tanzania, yet we lack current demographic data and information on key productivity 

constraints. This cross-sectional survey of 301 smallholder dairy cattle farmers across six 

regions aimed to gather demographic data and identify key farming constraints. Of the 301 

households surveyed, 74% were headed by men; however, in Njombe, there was an equal 

number of women and men. Most respondents had primary education(55%); however, in 

Morogoro, 68% of farmers had secondary/university education. Across four regions 

(Njombe, Mbeya, Kilimanjaro and Arusha), herd size of 3-4 animals was most common (32-

50%); however, in Morogoro and Tanga most herds had ˃4 animals (66% and 78%, 

respectively). Zero-grazing was the most common grazing system (75%), but tethering was 

predominant (68%) in Mbeya. Cash purchase was the most common means of obtaining the 

first cattle beast (66%), although a gift from a relative/friend (49%) was the most common 

source in Mbeya. High input costs (93%), unavailability of feed (71%), lack of land (68%) and 

diseases (62%) were the key identified constraints, while high breeding costs (96%), poor 

oestrus detection (89%), cows not displaying oestrus (79%) and lack of AI services (51%) 

were the key constraints to successful breeding. Widespread challenges related to 

management, feed and reproduction face smallholder dairy systems in Tanzania, and they 

vary regionally. Addressing these through region-tailored interventions could substantially 

improve productivity and sustainability. Keywords  

Smallholder dairy cattle farmer, household, demographic, farming constraints 
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1. Introduction  

Historically, the initiatives to improve the dairy cattle industry in Tanzania started in 

1921 when the colonial government of the time introduced the first Holstein and Ayrshire 

cattle into Temeke, Dar es Salaam (Sumberg, 1997). The establishment of a few medium-to-

large-scale settler dairy farms in the country's Northern and Southern highland regions 

followed this move. However, most of these farms were nationalised after independence, 

following the Arusha Declaration in 1967. This resulted in the dairy sector in the 1970s being 

dominated by governmental parastatal and state-owned farms, especially following the 

formation in 1975 of the Tanzanian Dairy Farming Company and Tanzania Dairies Ltd. The 

latter was responsible for processing and selling milk to consumers (Kurwijila et al., 1995; 

Mdoe & Wiggins, 1997). However, subsequent challenges, such as political interference with 

the milk price and the generally low productivity of the cattle, led to poor economic 

performance and the collapse of these governmental parastatal and state-owned farms in 

the early 1980s (Kurwijila et al., 1995; Mdoe & Wiggins, 1997). 

After this collapse, efforts to bridge the gap between Tanzanian milk production and 

demand for dairy products within Tanzania began. These efforts were led by private, 

religious and non-governmental organisations, all of which promoted smallholder dairy 

cattle farming (Kurwijila & Boki, 2003). Smallholder dairy cattle farming refers to a type of 

dairy farming practised on a small scale, with a mean herd size of approximately 4 animals, 

ranging from 1 to 12 cattle, often involving unimproved genetics and rudimentary 

management by individual farmers or households (Chagunda et al., 2004; McDermott et al., 

2010; Njombe et al., 2011; Alonso et al., 2014; Nell et al., 2014; Suleiman et al., 2016) . 

These efforts were supported, at the government level, by the Tanzania Livestock Policy, 

which emphasised the promotion of smallholder dairy cattle farming (Mdoe & Wiggins, 

1997).  

Initially, most smallholder dairy farms were owned by high and mid-ranking civil 

servants, with cows being kept in their owners’ place of residence (“backyard production“), 

with milk production being a supplementary, rather than a primary income source (Mdoe & 

Wiggins, 1997; Swai & Karimuribo, 2011). However, beginning in the 1990s, smallholder 

dairy cattle farming started experiencing rapid growth across Tanzania, with a change in the 

demographics of farmers, from producers for whom milk was a supplementary income, to 

81



 

 

producers for whom milk was the primary source of income (Limbu, 1999). The smallholder 

dairy sector thus currently provides significant income and employment across rural, peri-

urban and urban areas of Tanzania, as well as being a valuable source of human nutrition in 

those areas (Gillah et al., 2012; Limbu, 1999; NBS&OCGS, 2021). 

Of the 33.9. million cattle in Tanzania, 33.8. million (99.6%) are kept by smallholder 

farmers, with only 142,000 (0.4%) in large-scale farms (i.e. farms that have more than 100 

cattle) (Mbwambo et al., 2019; NBS&OCGS, 2021). Around 80% of the milk produced in 

Tanzania is from Indigenous cattle (Brett, 2019). For smallholders, improved dairy cattle are 

generally crosses of European dairy breeds (e.g. Friesian, Ayrshire, and Jersey) with 

indigenous cattle, especially the Tanzanian Shorthorn Zebu, Boran, and Sahiwal. These 

improved dairy cattle are concentrated in the rural areas of Tanga, Arusha, Kilimanjaro and 

Manyara (Northern Highland regions), Mbeya, Iringa and Njombe (Southern Highland 

regions), as well as in the Morogoro, Kagera and Dar es Salaam regions (Swai & Karimuribo, 

2011).  

Initiatives to improve the productivity of the Tanzanian dairy industry, particularly 

smallholder farms, are ongoing (Chawala et al., 2019). These initiatives are a mixture of 

government-led and external stakeholder-led programmes. They include long-running 

programmes such as the Dairy Development Programme, and the Heifer Project 

International in Tanzania (HPI) Scheme (Msangya et al., 2015). Community Action Research 

Programme (Pasape, 2022), AgResults Tanzania Dairy Productivity Challenge Project (2019-

2024), and the newer countrywide programme for the transformation of the livestock 

sector titled ‘Livestock Sector Transformation Plan (MoLF, 2022). 

However, despite the significant change in the population of smallholder dairy cattle 

farmers across Tanzania since the 1980s, there is limited information regarding the 

demographics of such farmers. Some localised surveys of smallholder dairy cattle farming 

have been undertaken, but these have generally been limited to one or two regions:  Dar es 

Salaam (Kivaria et al., 2006b), Morogoro (Gillah et al., 2013; Gillah et al., 2014), Tanga 

(Alonso et al., 2014), and Kilimanjaro and Arusha (Swai et al., 2014). Larger scale surveys 

have been undertaken, but they did not report demographic data (Chawala et al., 2019) or 

had a limited analysis of such data (Mwambene et al., 2014). Further, these studies were 

largely conducted in urban and peri-urban areas, so they provided limited information about 
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farmers at the regional/rural level. Nor did they well characterise the demographics of 

smallholder dairy farmers. Such information is needed to inform farm advisers, the 

government, and development agencies to better understand the smallholder dairy farmer 

population, as well as their goals and challenges. Such understanding could be useful in 

targeting support for dairy farmers based on individual requirements (especially if 

structured at the regional level) rather than using a “one-size-fits-all” programme across 

Tanzania. Thus, as part of a larger study looking at the reproductive performance of cows on 

Tanzanian smallholder dairy farms, data on the demographic characteristics of smallholder 

dairy cattle farmers from thirteen districts across six different regions of Tanzania were 

collected. Alongside this, information on the constraints that the farmers perceived to be 

affecting their productivity was also collected.  

This paper, therefore, aims to investigate the demographics of smallholder/small-scale 

dairy cattle farmers in the main dairying regions of Tanzania, and to investigate their views 

on the constraints that they presently experience in their dairy-farming enterprises. 

Understanding these demographics and constraints could help in the identification of 

farmers involved in the dairying, their capacity, along with the challenges limiting their 

productivity. Consequently, assist in planning and implementation of appropriate dairy 

strategies. Secondarily, it aims to identify whether there are significant differences between 

regions in demographics of, and constraints to smallholder dairy farmers across these six 

key dairying regions in Tanzania.  

2. Methodology 

2.1. Ethical considerations and approval  

This research was approved by the Ministry of Livestock and Fisheries through the 

Ethics Review Board of the Tanzania Livestock Research Institute (TALIRI) (reference number 

TLRI/RCC.21/007) of the United Republic of Tanzania. Permission letters were first provided 

by the office of the Regional Administrative Secretary from the six study regions, and then, 

from the Executive Directors of the respective District Councils (DC), Town Council (TC), 

Municipal Council (MC) or City Council (CC) of the thirteen study districts of Tanzania 

mainland. A local veterinarian or livestock officer first introduced the interviewer (the first 

author did all interviews) to the farmer/respondent (usually the family head). The 

interviewer explained the reason for the visit. Thereafter, each respondent/farmer was 
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given a written informed consent form for them to sign before participating in the 

questionnaire interview. If the interviewee was unable to read and write, another family 

member was called to approve and sign on their behalf. Results were anonymised and 

personal data were kept confidential. The specific consent of the relevant participants was 

obtained for any photographs used to illustrate this study. 

2.2. Study area and study farm selection 

Six regions of the Tanzania mainland were purposely selected, principally based on the 

proportion of improved dairy cattle (NBS&OCGS, 2021; Nyange & Mdoe, 1995). Three of 

these regions were in the Northern Highlands (Arusha, Kilimanjaro and Tanga), two in the 

Southern Highlands (Mbeya and Njombe) and one (Morogoro) in the Eastern zone. . Within 

each region, district(s) were selected using a convenience sampling process with the help of 

local veterinarians/livestock officers (Figure 1). Within each district, convenience sampling 

was employed to identify study villages and the first study farm in each village (whose 

suitability was decided by the local veterinarian/livestock officer and interviewer). Snowball 

sampling was then employed to select other study farms in a particular village. Subjects 

could nominate as many further subjects as they wished, with non-discriminative sampling 

being used until >50 respondents had been identified per region. No sample size 

calculations were undertaken; the number of farms visited was based on the number of 

farms the authors believed could be visited within a district  over 2 weeks.  If a selected 

farm owner or someone who could respond to the questionnaire was not available, then 

the interviewer moved to the next one on the list. 
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Figure 1. Map of Tanzania showing study regions: Southern Highland regions (Mbeya, Iringa 
and Njombe), Northern Highland regions (Arusha, Kilimanjaro, and Tanga), and Morogoro. 
(Key: DC - District council, TC - Town council, MC - Municipal council and CC - City council). 
 

2.3. Field data collection 

Information from smallholder dairy cattle farmers was gathered using a cross-

sectional study design from May 2022 to February 2023. Research data were collected using 

a structured and pre-tested questionnaire-guided interview, supplemented by on-farm 

observations for verification. Pre-testing was conducted in the Morogoro municipality, 

involving twenty-four smallholder farmers (who were not included in the final 

questionnaire) and eleven experts, including veterinarians, livestock officers, and 

researchers. The feedback obtained from both groups was considered during the 

adjustments on clarity, relevance, and comprehensiveness to improve its validity and 
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reliability.  The questionnaire was formulated so that all the questions were closed, and 

responses were entered into KoboToolbox (Cambridge, USA) for subsequent data collation.  

Initial information collected from farmers included age, gender, dairy farming 

experience, involvement (full or part-time), education level, dependence on dairy farming 

(plus other household/farm income-generating activities) and decision-making process on 

the farm. Respondents were also asked about farm-related issues, such as the source of 

their first dairy animals, herd size, herd composition, as well as breeding practices and 

preferences. The last section asked the respondents for their opinions regarding the key 

constraints that affected their farm, capturing information related to cattle health and 

reproduction, availability of veterinary and breeding services, availability of land and feed, 

and access to markets for their product. Data collection was performed on the farmers’ 

premises, so that statements about their livestock (etc.) could be readily verified by 

concurrent observation. 

2.4. Data management and analysis 

 Data from the questionnaire were downloaded from KoboToolbox to Excel 

spreadsheets (Microsoft, Seattle, USA) before analysis using SPSS version 25 (IBM, Seattle, 

USA). Results were tabulated and are presented as overall results and by region.  

 The effect of region on responses was assessed using logistic regression, with 

response as the outcome variable and region as the sole predictor variable. Categories were 

combined for all analyses where totals across all regions were less than 10. For most 

responses, multinomial logistic regression was utilised: 

Pr(yi =j/Regioni) = 
exp (β0j+β1j.Regioni) 

∑J
m=1 exp (β0m+β1m.Regioni) 

 This calculates the probability of the multinomial outcome (yi) being a specific 

category (j), conditioned on the given region (Regioni).  

 For outcomes where the responses were clearly ordered (e.g. questions around 

importance, ordinal logistic regression was used: 

 

Pr(yi  ˃ k/Regioni)= 

1 

1+exp (- (β0+β1.Regioni) - Kk 
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 This calculates the probability of the multinomial outcome (yi) being higher than a 

particular category (j), conditional on the specific region (Region i). In this model, Kk is the 

threshold parameter for category k. 

  For all ordinal models, the proportional odds assumption was tested. If this 

assumption was not met, then a multinomial regression was utilised. For all analyses, except 

where otherwise stated, Tanga was used as the reference region, and the category with the 

highest frequency in the outcome was designated as the reference category.  

3. Results 

At least 50 smallholder dairy cattle farmers were interviewed per region, except 

Arusha, where only 16 farmers were interviewed. Fewer farmers in Arusha participated 

following the unavailability of local veterinarians and livestock officers, who were 

participating in the national livestock identification programme, resulting in reluctance 

among farmers to participate. Overall, across the six regions, 301 farmers were recruited for 

the survey (Table 1).  

Table 1. The number of regions, districts and smallholder dairy cattle farmers visited during 
a survey on smallholder dairy cattle farming, demographics, and constraints in Tanzania. 

S/No Regions visited Districts visited 
Farmers  

Per District Per Region (n (%)) 

1 Njombe Njombe TC 54 54 (17.9) 

2 Mbeya Busokelo DC 55 55 (18.3) 

3 Tanga 
Tanga CC 12 

53 (17.6) 
Muheza DC 41 

4 Kilimanjaro 
Moshi MC 8 

66 (21.9) Moshi DC 18 
Hai DC 40 

5 Arusha 
Arusha CC 6 

16 (5.3) Arusha DC 1 
Meru DC 9 

6 Morogoro 
Morogoro MC 47 

57 (18.9) Morogoro DC 5 
Mvomero DC 5 

Total  13 301 301 (100) 
Key: DC - District council, TC - Town council, MC - Municipal council and CC -City council 

 

3.1. Smallholder dairy farmers’ household, family, and farm demographics  
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Of the 301 households that participated in this study, 224 (74%) were headed by a 

father(Table 2). For the analysis of the effect of region, two categories were created (father 

and mother), with respondents who were recorded as ‘other’ combined with father or 

mother, depending on their gender (male or female). There were differences between 

regions in who was the head of the household (Figure 2), with households in Njombe having 

much higher odds of having a female head of the household than households in Tanga (odds 

ratio (OR): 5.2, 95%CI: 2.8-13.1). 
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Table 2. Smallholder dairy cattle farmers' household and herd characteristics across the study regions in Tanzania mainland. Data are shown 
as the number of respondents and percentage of responses within each region n (%). 

Character Category 
Region 

Njombe Mbeya Tanga Kilimanjaro Arusha Morogoro Total 

Total respondents n=54 (18) n=55 (18) n=53 (18) n=66 (22) n=16 (5) n=57 (19) n=301 (100) 

Head of the family 
Father 26 (48) 48 (87) 45 (85) 52 (79) 12 (75) 41 (72) 224 (74) 

Mother 26 (48) 2 (4) 8 (15) 14 (21) 4 (25) 15 (26) 69 (23) 

Othera 2 (4) 5 (9)       1 (2) 8 (3) 

Type of family 

monogamy 41 (76) 43 (78) 43 (81) 46 (70) 14 (88) 49 (86) 236 (78) 
polygamy 5 (9) 4 (7) 4 (8) 2 (3)   2 (4) 17 (6) 

widow 6 (11)   4 (8) 11 (17) 2 (13) 4 (7) 27 (9) 

widower     1 (2) 5 (8)     6 (2) 

Single parents & unmarried 2 (4) 8 (15) 1 (2) 2 (3)   2 (4) 15 (5) 

Participatory decision-making in the family 

 yes 39 (72) 49 (89) 46 (87) 51 (77) 15 (94) 48 (84) 248 (82) 

 no 15 (28) 6 (11) 7 (13) 15 (23) 1 (6) 9 (16) 53 (18) 

People taking care of animals 

 1, 2 40 (74) 38 (69) 23 (43) 44 (67) 14 (88) 42 (74) 201 (67) 

 3, 4 13 (24) 17 (31) 30 (57) 22 (33) 2 (13) 14 (25) 98 (33) 

 ≥5 1 (2)         1 (2) 2 (1) 

Source of the first dairy cattle/cow 

Cash purchase 37 (69) 25 (45) 27 (51) 48 (73) 13 (81) 50 (88) 200 (66) 

Gift (relatives or friends) 3 (6) 27 (49) 11 (21) 17 (26) 3 (19) 6 (11) 67 (22) 

NGOb  14 (26)   14 (26)     1 (2) 29 (10) 

Home-bred and bank   3 (5) 1 (2) 1 (2)     5 (2) 

Total herd size (all cattle) 

 1, 2 14 (26) 15 (27) 6 (11) 15 (23) 1 (6) 9 (16) 60 (20) 
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 3, 4 25 (46) 20 (36) 6 (11) 21 (32) 8 (50) 10 (18) 90 (30) 

 5, 6 12 (22) 13 (24) 11 (21) 15 (23) 2 (13) 9 (16) 62 (21) 

 7, 8 2 (4) 5 (9) 13 (25) 8 (12) 1 (6) 11 (19) 40 (13) 

 9, 10   1 (2) 11 (21) 5 (8) 4 (25) 3 (5) 24 (8) 

 ≥11 1 (2) 1 (2) 6 (11) 2 (3)   15 (26) 25 (8) 

Number of cows 

Respondents with adult cows n=52 (96) n=48 (87) n=53 (100) n=60 (91) n=15 (94) n=54 (95)     n=282 (94) 

 1, 2 32 (62) 26 (54) 18 (34) 33 (55) 10 (67) 18 (33) 137 (49) 
 3, 4 18 (34) 20 (42) 22 (42) 22 (37) 5 (33) 19 (35) 106 (38) 
 5, 6 1 (2) 1 (2) 9 (17) 3 (5)   5 (9) 19 (7) 
 7, 8 1 (2)   1 (2)     6 (11) 8 (3) 

 ≥9   1 (2) 3 (6) 2 (3)   6 (11) 12 (4) 

Number of heifers 
Respondents with heifers n=23 (46) n=37 (67) n=36 (68) n=43 (65) n=13 (65)   n=37 (65)    n=189 (63) 

 1, 2 22 (96) 33 (89) 32 (89) 41 (95) 9 (69) 25 (68) 162 (86) 
 3, 4 1 (4) 4 (11) 3 (8) 2 (5) 4 (31) 11 (30) 25 (13) 

Number of calves 
Respondents with calves n=30 (56) n=31 (56) n=48 (91) n=43 (65) n=13 (65) n=43 (75) n=208 (69) 

 1, 2 25 (83) 29 (94) 23 (48) 26 (61) 10 (77) 20 (47) 133 (64) 
 3, 4 5 (17) 2 (6) 18 (38) 14 (33) 2 (15) 13 (30) 54 (26) 

 ≥5     7 (15) 3 (6) 1 () 10 (23) 21 (10) 

Number of bulls 

Respondents with bulls n=2 (4) n=2 (4) n=8 (15) n=16 (24) n=6 (38) n=18 (32) n=52 (17) 

 1, 2 2 (100) 2 (100) 8 (100) 15 (94) 6 (100) 15 (83) 48 (92) 

 ≥3       1 (6)   3 (17) 4 (8) 

For each region, results in bold indicate the category with the highest frequency for that question; a child or relative b; non-governmental 
organisation, e.g. Heifer-in-Trust Scheme  
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Figure 2. Gender of the head of the household of Tanzania smallholder dairy farms. 

 

Most households (236/301; 78%) were monogamous, with the lowest proportion 

recorded in Njombe (41/54; 76%), and the highest in Arusha (14/16; 88%) (Figure 3). 

Additionally, in most households (248/301; 82%), the entire family was involved in the 

decision-making process, not just the head of the household. 
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Figure 3. Comparison across six regions of Tanzania on family type in smallholder dairy 
farmers’ households. 
 

Total herd size ranged from 1 to 35 cattle, with the ‘3-4’ category being the mode herd 

size (90/301; 30%) (Table 2 and Figure 4). For the analysis of the effect of region, five 

categories of herd size were used: 1-2, 3-4, 5-6, 7-8 and ≥9. Ordinal logistic regression 

identified differences across regions in the proportion of farms in one of the higher herd size 

categories. Compared to Tanga, the odds of farms being in the higher herd size category 

were notably less in Kilimanjaro (OR: 0.3, 95%CI: 0.1-0.5), Mbeya (OR: 0.2, 95%CI: 0.08-0.3) 

and Njombe (OR: 0.1, 95%CI: 0.07-0.3). 

 

 

Figure 4. Number of cattle per smallholder dairy farms across the study regions in 
Tanzania. 

 

Of the 301 farms, 19 had no adult cows, 112 had no heifers, 98 had no calves and 249 

farms had no breeding bulls. No effect of region on the proportion of farms with milking 

cows was found but compared to Tanga, farms in Njombe were less likely to have heifers 

(OR: 0.4, 95%CI: 0.2-0.8), and farms in Morogoro more likely to have bulls (OR: 2.6, 95%CI: 

1.02-6.6). The proportion of farms with calves in Tanga was the highest of any region, with 
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farms in Tanga having higher odds of having calves than farms in Njombe (OR: 0.1, 95%CI: 

0.1-0.4), Mbeya (OR: 0.1, 95%CI: 0.1-0.4), Kilimanjaro (OR: 0.2, 95%CI: 0.1-0.6) and 

Morogoro (OR: 0.3, 95%CI: 0.1-1).  

Most respondents (201; 67%) reported having fewer than three people who took care 

of the dairy cattle on their farm (Table 2). As with herd size, there was an effect of region 

such that, with reference to Tanga, the odds of having more than two people actively 

participating on the farm was lower than in all other regions: Kilimanjaro (OR: 0.4, 95%CI: 

0.2-0.8), Mbeya (OR: 0.3, 95%CI: 0.2-0.8), Morogoro (OR: 0.3, 95%CI: 0.1-0.6) and Njombe 

(OR: 0.3, 95%CI: 0.1-0.6).  

Cash purchase was the dominant (200; 66%) source of obtaining the first dairy cattle 

beast (Table 2). Regionally, this was true for all regions except for Mbeya, where a gift from 

a relative or friend was the most common source (Figure 5). For analysis of regional 

differences, data were merged into three groups: cash, gift and other (merging non-

governmental organisation (NGO), bank and home-bred). Arusha was excluded from this 

analysis as there were no farms in the ‘other’ category. Relative to cash purchase, three 

regions had different odds of a gift being the source of their first cattle beast than 

respondents in Tanga: the odds were higher in Mbeya (OR: 2.7, 95%CI: 1.1-6.4) and were 

lower in Morogoro (OR: 0.3, 95%CI: 0.1-0.9) and Njombe (OR: 0.2, 95%CI: 0.05-0.8). For the 

‘other’ category, the odds were lower in Kilimanjaro (OR: 0.04, 95%CI: 0.01-0.3), Mbeya (OR: 

0.2, 95%CI: 0.1-0.8) and Morogoro (OR: 0.04, 95%CI: 0.01-0.3) relative to cash purchase than 

in Tanga.  
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Figure 5. Source of first dairy animal across smallholder cattle farms/households in 
Tanzania. 

 

3.2. Farmers/respondents and assistants/worker's demographic characteristics  

Most respondents were over 40 years of age (238/301; 79%), with the majority 

(155/301; 52%), being between 41 and 60 years. This was consistent across all regions 

(Figure 6 and Table 3). Using ordinal logistic regression with four age categories (i.e. ≤20, 21-

40, 41-60 and ≥61), the odds of a farmer being in a higher age category were lower in 

Mbeya (OR: 0.4, 95%CI: 0.2-0.7) compared to Tanga.  

Experience in dairy farming was classified into 10-year blocks (≤10, 11-21, etc.). The 

highest proportion of respondents (118/301; 39%) had ≤10 years of experience. There was 

little difference between regions, except that ordinal logistic regression showed that the 

odds of being in a higher experience category were lower in Morogoro (OR: 0.49, 95%CI: 

0.24-0.97) compared with Tanga.   
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Figure 6. Distribution of ages of smallholder dairy cattle farmers across the study regions of 
Tanzania. 

 

Most respondents (231/301; 77%) were involved full-time in dairy cattle farming 

(Table 3). The proportion was highest in Tanga (46/53; 87%) and lowest in Morogoro (41/57; 

58%), with the odds of being a part-time farmer being higher in Morogoro (OR: 4.8, 95%CI: 

1.8-12.4) than in Tanga. 

The most common level of education in respondents was primary level (7-14 years) 

(166/301; 55%) (Table 3 and Figure 7). For analysis of the effect of region, respondents who 

had not had a formal education were excluded. Compared to respondents from Tanga, the 

proportion in each education category was similar across all regions except for Morogoro, 

where respondents were more likely to have had a higher category of education (OR: 6.5, 

95%CI: 3-13.9).  
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Table 3. Demographics of smallholder dairy cattle farmers and assistants/workers across the study regions in Tanzania mainland. Data are 
shown as number of respondents and percentage of responses within each region n (%). 

Character Category 
Region 

Njombe Mbeya Tanga Kilimanjaro Arusha Morogoro Total 

Demographics of dairy farmers 

Total respondents n=54 (18) n=55 (18) n=53 (18) n=66 (22) n=16 (5) n=57 (19) n=301 (100) 

Age 

 ≤20 1(2)   1(2)     1(2) 3(1) 

 21-40 12(22) 22(40) 9(17) 8(12) 1(6) 8(14) 60(20) 

 41-60 25(46) 29(53) 26(49) 36(55) 11(69) 28(49) 155(51) 

 ≥61 16(30) 4(7) 17(32) 22(33) 4(25) 20(35) 83(28) 

Experience in dairy cattle farming (years) 

 ≤10 27(50) 21(38) 16(30) 20(30) 3(19) 31(54) 118(39) 

 11 to 20 16(30) 19(35) 18(34) 14(21) 6(38) 11(19) 84(28) 

 21 to 30 7(13) 10(18) 12(23) 20(30) 4(25) 12(21) 65(22) 

 31 to 40 4(7) 3(5) 7(13) 10(15) 2(13) 2(4) 28(9) 

 ≥41   2(4)   2(3) 1(6) 1(2) 6(2) 

Involvement in dairy cattle farming 

 Full time 41(76) 42(76) 46(87) 50(76) 11(69) 41(58) 231(77) 

 Part-time 13(24) 13(24) 7(13) 16(24) 5(31) 16(42) 70(23) 

Education level   

No formal education 2(4) 2(4) 1(2) 2(3)   1(2) 8(3) 

 Primary 32(59) 34(62) 35(57) 38(52) 10(63) 17(30) 166(55) 

 Secondary 10(19) 9(17) 8(23) 8(12)  1(6) 7(12) 43(14) 

 College 5(9) 5(9) 6(11) 15(26) 3(19) 9(16) 43(14) 

 University 5(9) 5(9) 3(8) 3(8) 2(13) 23(40) 41(14) 

Demographics of farm assistants 
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Total respondents n=31(15) n=25(12) n=43(21)  n=46(23)  n=6(3)  n=52(26) n=203(%) 
 

Age 

 ≤20 16(52) 7(28) 7(16) 14(31) 3(50) 24(46) 71(35) 

 21-30 8(26) 17(68) 17(40) 19(41) 2(33) 23(44) 86(42) 

 31-40 3(10) 1(4) 14(33) 7(15) 1(17) 4(8) 30(15) 

 ≥41 4(13)   5(12) 6(13)   1(2) 16(8) 

Experience in dairy cattle farming (years) 

 <1 6(19) 2(8) 3(7) 8(17)   17(33) 36(18) 

 1 to 5 21(68) 16(64) 27(63) 32(70) 6(100) 30(58) 132(65) 

 6 to 10 2(6) 5(20) 10(23) 5(11)   5(10) 27(13) 

 11 to 15  1(3) 2(8) 1(2)       4(2) 

 ≥16 1(3)   2(5) 1(2)     4(2) 

Involvement in dairy cattle farming  

 Full time 26(84) 18(72) 35(81) 40(87) 6(100) 51(98) 176(87) 

 Part time 5(16) 7(28) 8(19) 6(13)   1(2) 27(13) 

Education level  

 
No formal 
education 

6(19) 1(4) 4(9) 6(13)   4(8) 21(10) 

 Primary 16(52) 15(60) 28(65) 30(63) 3(50) 42(81) 134(66) 

 Secondary 4(13) 4(16) 8(19) 6(13) 2(33) 4(8) 28(14) 

 College 3(10) 5(20) 1(2) 2(4)     11(5) 

 University 2(7)   2(5) 2(7) 1(17) 2(4) 9(4) 

For each region, results in bold indicate the category with the highest frequency for that question 
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Figure 7. The maximum education level of smallholder dairy cattle farmers across the study 
regions in Tanzania. 

For the farm workers/assistants, the majority (157/203; 77%) were aged ≤30 years and 

had ≤5 years of experience (168/203: 83%), making them generally younger and less 

experienced than the main respondents (Table 3). Analysis of assistant demographics 

excluded data from Arusha, as there were only 6 responses from that region. Compared to 

workers in Tanga, assistants from Mbeya (OR: 0.3, 95%CI: 0.12-0.77), Morogoro (OR: 0.2, 

95%CI: 0.093-0.45), and Njombe (OR: 0.32, 95%CI: 0.09-0.56) all had lower odds of being in 

a higher age category. For experience, data were merged into four categories: <1 year, 1 to 

5 years, 6 to years and ≥ 11 years. This analysis showed that assistants from Morogoro had 

lower odds of being in a higher experience category (OR: 0.18, 95%CI: 0.08-0.44) compared 

to those in Tanga, as did assistants in Kilimanjaro (OR: 0.37, 95%CI: 0.16-0.88). Most 

assistants were full-time workers (176/203; 87%), and most (182/203; 90%) had had only 

primary education. The education level of farm workers was similar across the study 

regions.  
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3.3. Smallholder dairy farmers’ sources of household income 

Although 77% of respondents reported full-time involvement with dairy farming, 

almost all households reported having other sources of income (282/301; 94%) (Table 4). 

Crop farming was the most common alternative, with 180/282 (64%) gaining at least some 

income from it. Conversely, only 37% (104/282) and 29% (81/282) of respondents were 

involved in employment or business, respectively. For analysis of regional differences in 

other income sources, two categories were created, i.e., ‘Yes’ (representing major, 

moderate and minor) and ‘Not at all’. Excluding Mbeya and Arusha, where there are no 

respondents for the ‘Not at all’ category, the odds for a farmer participating in crop farming 

were lower in Njombe (OR: 0.1, 95%CI: 0.01-0.9) than in Tanga. Further, the odds of a 

farmer relying on employment as the source of income were highest in Morogoro (OR: 5.2, 

95%CI: 2.2-12.4) and lowest in Njombe (OR: 0.1, 95%CI: 0.04-0.4). Lastly, Mbeya had lower 

odds (OR: 0.2, 95%CI: 0.07-0.6) for its farmers depending on business as an income source 

compared to Tanga.  

Furthermore, farmers’ responses (major, moderate and minor, excluding ‘not at all’) 

for their involvement in other income-generation activities (i.e., crop farming, employment 

and business) apart from dairying, were further evaluated to determine their contribution 

to the household income. For that, responses were given score values i.e., 3=major, 

2=moderate and 1=minor; where the total score was ≥6, then dairying was defined as not 

being the major source of income and defined as being the major source of income when 

the total score was ≤5. Based on this score, dairying was the major income source for 

238/282 (84%) households. Logistic regression was used to evaluate the regional differences 

(excluding the Arusha region due to fewer respondents) of household dependence on other 

income sources. Concerning Tanga, only farmers from the Njombe had higher odds (OR: 4.9, 

95%CI: 1.7-13.9) of non-dairying income being their major source of income.  

3.4. Smallholder farmers’ dairy cattle management system and feed sources 

Across the 301 farms, 225 (75%) of respondents kept their dairy cattle under a zero-

grazing/intensive system, in which forages were harvested daily and brought to the cattle in 

their shelter (Figures 8, 9, 10a, 10b and Table 5). This system dominated across all regions 

except Mbeya, where tethering at pasture (Figures 10a and 10b) was predominant (37/55; 

68%). Across the different regions, the odds of semi-intensive farming (compared to 
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intensive/zero grazing) were higher in Mbeya (OR: 12, 95%CI: 3.03-47.5) and Morogoro (OR: 

6, 95%CI: 1.9-19.1) than in Tanga. 

 

Figure 8. Dairy cattle management systems among the smallholder dairy farms across the 
study regions of Tanzania mainland. 

 

 

Figure 9 Dairy cow tethered for grazing by a smallholder dairy farmer. 
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(a)   b)  

Figure 10 Smallholder dairy cattle farmers undertaking cut and carry farming: a) carrying the 
cut forages, b) spreading cut forages in the feeding trough. 

 

 Sources of feed are shown in Table 5 and Figure 11. Natural pastures (i.e. naturally 

occurring grasses, legumes, and other species) ranked as the most used source of feed, with 

294/301 (98%) respondents using at least some natural pasture, and 241 (80%) using it as 

the major source of feed. Most respondents gave at least some supplementary concentrate 

feeds to their cattle; only 10/301(3%) stated that they did not do so at all.  
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Table 4. Income generation activities in the smallholder dairy cattle household across the study regions in Tanzania mainland. Data are shown 
as number of respondents and percentage of responses within each region n (%). 

Character Category 
Region 

Njombe Mbeya Tanga Kilimanjaro Arusha Morogoro Total 

Total respondents n=54(18) n=55(18) n=53(18) n=66(22) n=16(5) n=57(19) n=301(100) 

Dependency on dairy cattle farming 

 yes 8(15)  5(9) 2(3)  4(7) 19(6) 

 no 46(85) 55(100) 48(91) 64(97) 16(100) 53(93) 282(94) 

Other income sources 

Total respondents n=46(16) n=55(20) n=48(17) n=64(23) n=16(6) n=53(19) n=282(100) 

Employment  

 Major 12(26) 3(5) 3(6) 7(11)  17(32) 42(15) 

 Moderate 4(9)  11(23) 8(13) 1(6) 17(32) 41(15) 

 Minor 2(4) 1(2) 5(10) 5(8) 1(6) 7(13) 21(7) 

 Not at all 28(61) 51(93) 29(60) 44(69) 14(88) 12(23) 178(63) 

Crop farming 

 Major 24(52) 20(36) 3(6) 15(23) 3(19) 3(6) 68(24) 

 Moderate 17(37) 34(62) 16(33) 31(48) 9(56) 5(9) 112(40) 

 Minor 4(9) 1(2) 21(44) 14(22) 4(25) 34(64) 78(28) 

 Not at all 1(2)  8(17) 4(6)  11(21) 24(9) 

Business 

 Major 6(13)  6(13) 7(11) 3(19) 4(8) 26(9) 

 Moderate 3(7) 4(7) 7(15) 6(9) 1(6) 4(8) 25(9) 

 Minor 2(4) 2(4) 5(10) 12(19) 4(25) 5(9) 30(11) 

 Not at all 35(76) 49(89) 30(63) 39(61) 8(50) 40(75) 201(71) 

For each region, results in bold indicate the category with the highest frequency for that question 
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Table 5. Dairy cattle management systems and feed sources utilized by the smallholder dairy cattle farms across the study regions of 
mainland Tanzania. Data are shown as number of respondents and percentage of responses within each region n (%). 

Character Category 
Region 

Njombe Mbeya Tanga Kilimanjaro Arusha Morogoro Total 

Total respondents n=54 (18) n=55 (18) n=53 (18) n=66 (22) n=16 (5) n=57 (19) n=301 (100) 

Cattle rearing system  

intensive/zero grazing 52(96) 9(16) 48(91) 65(99) 13(81) 38(67) 225(75) 

semi-intensive  9(16) 4(8) 1(2) 3(19) 19(33) 36(12) 

tethering 2(4) 37(68)     39(13) 

extensive   1(2)    1(0.3) 

Feed sources 

Fodder plot at farm 

 major 10(19) 19(35)       3(5) 32(11) 

 moderate 16(30) 11(20) 10(19) 8(12)   2(4) 47(16) 

 minor 15(28) 18(18) 14(26) 31(47) 3(19) 7(12) 88(29) 

 not at all 13(24) 7(13) 29(55) 27(41) 13(81) 45(79) 134(45) 

Crop residuals 

 major 41(76) 5(9) 1(2) 12(18) 6(38)   65(22) 

 moderate 12(22) 28(51) 2(4) 46(70) 10(63) 9(16) 107(36) 

 minor   22(40) 48(91) 8(12)   47(83) 125(42) 

 not at all 1(2)   2(4)     1(2) 4(1) 

Natural pastures (roadside and swamp areas) 

 major 49(91) 37(67) 49(93) 51(77) 11(69) 44(77) 241(80)  

 moderate 5(9) 16(29) 1(2) 10(15) 5(31) 6(11) 43(14) 

 minor   1(2) 2(4) 3(5)   4(7) 10(3) 

 not at all   1(2) 1(2) 2(3)   3(5) 7(2) 

Conserved feeds (hay + silage) 

 major 8(15)           8(6) 
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 moderate 12(22)   3(6)   1(6) 3(5) 19(6) 

 minor 4(7) 3(6) 11(21) 10(15) 6(38) 5(9) 39(13) 

 not at all 30(56) 52(95) 39(74) 56(85) 9(56) 49(86) 235(78) 

Bought fodder 

 major 2(4) 2(4)         4(1) 

 moderate 3(6) 1(2)         4(1) 

 minor 5(9) 21(38)   2(3) 1(6) 3(5) 32(11) 

 not at all 44(82) 31(56) 53(100) 64(97) 15(94) 54(95) 261(87) 

Grazing 

 major 1(2)   4(8)     16(28) 21(7) 

 moderate   2(4) 1(2)     1(2) 4(1) 

 minor   33(60)         33(11) 

 not at all 53(98) 20(36) 48(91) 66(100) 16(100) 40(70) 243(81) 

Cut fodder from outside 

 major 51(94)           51(17) 

 moderate 3(6) 9(16)         12(4) 

 minor   20(36) 3(6) 1(2)   10(18) 34(11) 

 not at all   26(47) 50(94) 65(98) 16(100) 47(83) 204(68) 

Supplementary feeding (concentrates) 

 Yes 54(100) 55(100) 52(98) 61(92) 15(94) 54(95) 291(97) 

 No     1(2) 5(8) 1(6) 3(5) 10(3) 

For each region, results in bold indicate the category with the highest frequency for that question 
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Some feeds were used to a very limited extent, including conserved forage, bought 

fodder and actual grazing; all of which were used by <25% of respondents. Across all 

regions, not at all was the most common response for those feeds (Table 5). Other, more 

commonly used feed sources had regional variations. Cut forage was used by 32% of 

respondents. Of those, 54/97 (55%) were in Njombe, with most of those (51) reporting that 

it was a major source of feed (a category only used in Njombe). Fodder plots were used by 

55% of respondents, but this varied appreciably by region, with respondents in Njombe and 

Mbeya having higher odds of reporting that they used fodder plots (at any level) than 

respondents in Tanga (OR: 3.8, 95%CI: 1.7–8.7, and OR: 8.3, 95%CI: 3.2–21.7, respectively), 

while respondents in Morogoro were less likely to report that they used fodder plots than 

those in Tanga (OR: 0.3, 95%CI: 0.1–0.7).   

Most respondents used crop residuals (only 4% did not) but the level of use varied 

markedly by region. Compared to Tanga, the odds of a respondent reporting 

moderate/major use of crop residuals (as opposed to minor/not at all) were much higher in 

Njombe and Mbeya (OR: 883, 95%CI: 88.9-8770 and OR: 25, 95%CI: 6.9-90.3, respectively). 

 

Figure 11. Dairy cattle feed sources for smallholder dairy farmers in different regions of 
Tanzania. 
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3.5. Smallholder dairy farming constraints 

Farmers were asked to rank the important farming constraints (Table 6 and Figure 12), 

with high costs of inputs ranked as very highly significant by 229/301 (76%) respondents and 

by most farmers in all six study regions. Lack of enough land (150/301; 50%) was the second 

most important constraint, while unavailability of feed (24/301; 41%) was the third.  

For the assessment of regional variations, three ordinal categories were created i.e., 

High (encompassing ‘very highly significant’ and ‘important’), Moderate and Low 

(encompassing little importance and minor) and not at all (data from Arusha were excluded 

from this analysis because of the absence of data in one or more categories). Insufficient 

land was reported to be an important constraint by farmers in Kilimanjaro (OR: 3.2, 95%CI: 

1.5–6.8), Morogoro (3.1, 95%CI: 1.4–7) and Njombe (2.1; 95%CI 1-4.5) than in Tanga. 

Availability of feed was regarded as of greater importance by farmers from Kilimanjaro (OR: 

11.7, 95%CI: 4.6–29.8), Mbeya (OR: 3.4, 95%CI: 1.6–7.3), Morogoro (OR: 3.6, 95%CI: 1.6–

7.8) and Njombe (OR: 2.7, 95%CI: 5.9–1.3) than those from Tanga.  

Lack of money to buy inputs was regarded as of greater importance in both Mbeya 

and Njombe (OR 7.32, 95%CI: 3.2–16.6 and 3, 95%CI: 1.4–6.2, respectively) than in Tanga, 

while the unpredictability of the milk market was regarded as of greater importance in 

Njombe (OR: 11.4, 95%CI: 0.2–0.7), Kilimanjaro (OR: 4.8, 95%CI: 2.2–10.4) and Mbeya (OR: 

2.3, 95%CI: 1–5.2) than in Tanga. Concerning constraints for successful breeding, farmers in 

Njombe regarded the lack of a breeding service as more important than farmers in Tanga 

(OR: 9.5, 95%CI: 4.1–22.2).  

The importance of disease as a constraint was analysed using a multinomial 

regression, as the proportional odds assumption was not met (P<0.001). The odds of being 

in the low category compared to the higher category were consistent across regions. For the 

Moderate category, farmers in Kilimanjaro and Morogoro had lower odds of being in the 

Moderate rather than the High category when compared to farmers in Tanga (OR: 0.2, 

95%CI: 0.1–0.1 and OR: 0.2, 95%CI: 0.1–0.7, respectively).  
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Table 6. General constraints in smallholder dairy cattle farming across the study regions in Tanzania mainland. Data are shown as number of 
respondents and percentage of responses within each region n (%). 

Character Category 
Regions 

Total 
Njombe Mbeya Tanga Kilimanjaro Arusha Morogoro 

Total respondents n=54 (18) n=55 (18) n=53 (18) n=66 (22) n=16 (5) n=57 (19) n=301 (100) 

Lack of enough land 
Very highly significant 31(57) 30(55) 11(21) 32(48) 15(94) 31(54) 150(50) 

Important  4(7) 3(5) 15(28) 18(27) 1(6) 12(21) 53(18) 

Moderate 9(17) 8(15) 6(11) 3(5)   3(5) 29(10) 
Minor  4(7) 9(16) 20(38) 11(17)   9(16) 53(18) 

Of little importance  6(11) 5(9) 1(2) 2(3)   2(4) 16(5) 

Unavailability of feeds 
Very highly significant 26(48) 25(46) 5(9) 13(20) 7(44) 14(25) 90(30) 

Important  10(17) 14(26) 17(32) 46(70) 9(56) 28(49) 124(41) 
Moderate 7(13) 7(13) 9(17) 4(6)   3(5) 30(10) 

Minor  5(9) 7(13) 19(36) 3(5)   11(19) 45(15) 
Of little importance  6(11) 2(4) 3(6)     1(2) 12(4) 

High costs of inputs 
Very highly significant 42(78) 52(95) 35(66) 50(76) 13(81) 37(65) 229(76) 

Important  4(7) 1(2) 13(25) 15(23) 3(19) 15(26) 51(17) 
Moderate 5(9)   5(9)     2(4) 12(4) 

Minor  1(2) 2(4)   1(2)   3(5) 7(2) 
Of little importance  2(4)           2(1) 

Lack of money to buy inputs 

Very highly significant 17(32) 23(42) 4(8) 4(6) 1(6) 1(2) 50(17) 

Important  13(24) 20(36) 12(23) 20(30) 11(69) 12(21) 88(29) 
Moderate 11(20) 3(6) 9(17) 9(14)   3(5) 35(12) 

Minor  8(15) 3(6) 25(47) 30(46) 4(25) 38(67) 108(36) 
Of little importance  5(9) 6(11) 3(6) 3(5)   3(5) 20(7) 
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Unpredictable milk market 
Very highly significant 33(61) 6(11) 4(8) 20(30) 11(69) 4(7) 78(26) 

Important  8(15) 16(29) 10(19) 18(27) 4(25) 7(12) 63(21) 

Moderate 4(7) 4(7)   5(8)   5(9) 18(6) 
Minor  3(6) 17(31) 23(43) 18(27) 1(6) 19(33) 81(27) 

Of little importance  6() 12(22) 16(30) 5(8)   22(39) 61(20) 

Unavailability of breeding service 
Very highly significant 17(32) 3(6)   2(3)   1(2) 23(8) 

Important  14(26) 10(18) 8(15) 3(5) 1(6) 9(16) 45(15) 
Moderate 10(19) 6(11) 3(6) 5(8)   1(2) 25(8) 

Minor  9(17) 27(49) 26(49) 37(56) 9(56) 20(35) 128(43) 
Of little importance  4(8) 9(16) 16(30) 19(29) 6(38) 26(46) 80(27) 

Diseases 

Very highly significant 20(37) 8(15) 2(4)       30(10) 

Important  13(24) 19(35) 24(45) 47(71) 15(94) 39(68) 157(52) 
Moderate 10(19) 21(38) 15(28) 5(8)   5(9) 56(19) 

Minor  9(17) 5(9) 10(19) 11(17) 1(6) 8(14) 44(15) 
Of little importance  2(4) 2(4) 2(4) 3(5)   5(9) 14(5) 

For each region, results in bold indicate the category with the highest frequency for that question 
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Figure 12. General constraints for successful smallholder dairy cattle farming in Tanzania. 

 

3.6. Dairy breed selection criteria and breeding practice 

Preference for one or more breeds (Figure 13) was expressed by 160 (53%) 

respondents, whereas 59 (20%) had no specific preference (Table 7). Farmers in Njombe 

were more likely to report having a breed preference than farmers in Tanga (OR: 21.5, 

95%CI: 4.7 - 97.6). Of those who expressed a breed preference, the focus was milk 

production (146/160: 91%), followed by easy handling (108/160: 68%), large body size 

(100/160: 63%) and ease of getting pregnant (37/160: 60%).  
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Figure 13. General criteria expressed by smallholder dairy cattle farmers in Tanzania when 
selecting their preferred dairy cattle breed. 

 

Breeding methods are summarised in Table 8 and Figure 14. In general, the most 

frequently applied breeding method involved a mix of natural service and artificial 

insemination (AI) (138/301; 46%). At the regional level, AI alone was the most common 

method in Arusha (10/16; 63%), Kilimanjaro (34/66; 52%) and Tanga (29/53; 55%), while 

most farmers used a mix of AI and natural service in Morogoro (42/57; 74%) and Njombe 

(33/64; 61%), and natural service only predominated in Mbeya (53/55; 96%). Relative to 

Tanga, farmers were less likely to report using AI alone in Morogoro (OR: 0.2, 95%CI: 0.1-

0.5) and Njombe (OR: 0.4, 95%CI: 0.2-0.9) (this analysis excluded Mbeya as no farmers in 

that region reported using AI alone). 
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Figure 14. Breeding methods applied by smallholder dairy farmers across the study regions 
in Tanzania; the use of artificial insemination (AI), just natural breeding (bull only), or a 
combination (both). 
 

Of the 200 farmers who used natural service on some occasions, 180 answered the 

question about where they sourced bulls from.  Overall, they largely (113/180; 63%) opted 

to hire bulls from nearby farms, with most of the rest using a combination of their own and 

their neighbours’ bulls (46/180, 26%). Only 17 (9%) reported exclusively using their bulls. 

Of the 240 farmers who used AI for at least some inseminations, 221 answered 

questions about AI use.  Across all regions, most farmers reported receiving the service 

regularly (131/221; 59%) and most (179/221; 80%) reported that waiting time from 

informing the AI technician to the actual insemination ranged between seven and nine 

hours.  
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Table 7. Breed preference and dairy cattle selection criteria were used, among smallholder dairy cattle farmers across the study regions in 
Tanzania mainland. Data are shown as number of respondents and percentage of responses within each region n (%). 

Character Category 
Regions  

Njombe Mbeya Tanga Kilimanjaro Arusha Morogoro Total 

Total respondents n=54 (18) n=55 (18) n=53 (18) n=66 (22) n=16 (5) n=57 (19) n=301 (100) 

Do you have a breed preference? 

 yes 52(96) 34(62) 29(55) 20(30) 4(25) 21(37) 160(53) 

 no 1(2) 6(11) 9(17) 18(27) 8(50) 17(30) 59(20) 

I do not know 1(2) 15(27) 15(28) 28(42) 4(25) 19(33) 82(27) 

Total respondents n=52(33) n=34(21) n=29(18) n=20(13) n=4(3) n=21(13) n=160(100) 

 

Breed selection criteria 
 

Body size 

 strongly agree 33(63) 18(53) 9(31) 17(85) 4(100) 19(90) 100(63) 
 agree 8(15) 13(38) 19(66) 2(10)   2(10) 44(28) 
 neutral 4(8)           4(3) 

 disagree 7(13) 3(9) 1(3) 1(5)     12(8) 

Disease resistance 

 strongly agree 31(60) 5(15) 4(14)     18(86) 58(36) 

  agree 19(37) 22(65) 20(69) 16(80) 4(100) 2(10) 83(52) 

  neutral 1(2) 6(18) 2(7) 3(15)   1(5) 13(8) 

  disagree 1(2) 1(3) 3(10) 1(5)     6(4) 

Easy handling 

 strongly agree 41(79) 27(79) 20(69) 11(55) 2(50) 7(33) 108(68) 

  agree 8(15) 3(9) 6(21) 9(45) 2(50) 12(57) 40(25) 

  neutral 2(4) 3(9) 3(10)     2(10) 10(6) 

  disagree 1(2) 1(3)         2(1) 

 
Milk production 
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 strongly agree 47(90) 30(88) 26(90) 19(95) 4(100) 20(95) 146(91) 

  agree 4(8) 3(9) 3(10) 1(5)   1(5) 12(8) 

  neutral 1(2) 1(3)         2(1) 

Easy to conceive 

 strongly agree 44(85) 10(29) 2(7) 3(15) 1(25)   60(38) 

 agree 7(13) 18(53) 24(83) 15(75) 3(75) 19(90) 86(54) 

 neutral 1(2) 6(18) 3(10) 2(10)   2(10) 14(9) 

For each region, results in bold indicate the category with the highest frequency for that question 
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Table 8. Breeding methods and practice of artificial insemination by the smallholder dairy cattle farmers in Tanzania mainland. Data are shown as 
number of respondents and percentage of responses within each region n (%). 

Character Category 
Regions 

Total 
Njombe Mbeya Tanga Kilimanjaro Arusha Morogoro 

Total respondents n=54 (18) n=55 (18) n=53 (18) n=66 (22) n=16 (5) n=57 (19) n=301 (100) 

Breeding method        

artificial insemination 17(31)  29(55) 34(52) 10(63) 12(21) 102(34) 

 both 33(61) 2(4) 24(45) 32(49) 5(31) 42(74) 138(46) 

 natural service 4(7) 53(96)   1(6) 3(5) 61(20) 

Total respondents n=18(10) n=55(31) n=24(13) n=32(18) n=6(3) n=45(25) n=180(100) 
Bull sources 

Own Bull   2(4) 8(33) 4(13) 1(17) 6(13) 17(9) 

Community bulls only    4(7)         4(2) 

Own and neighbours’ bulls 3(17) 3(5)     2(33) 28(62) 46(26) 

Neighbours’ bulls 15(83) 46(84) 16(67) 28(88) 3(50) 11(24) 113(63) 

Total respondents n=31(14) n=2(1) n=53(24) n=66(30) n=15(7) n=54(24) n=221(100) 

How is AI service obtained 

*Immediately after calling the AI technician 3(10)  8(15) 20(30) 5(33) 3(6) 39(18) 

 **Regularly 16(52)  35(66) 31(47) 10(67) 39(72) 131(59) 

Irregular with some interruptions on 
weekend 

12(39) 2(100) 10(19) 15(23)  12(22) 51(23) 

AI service Waiting time 

 1_to_3_hours 12(39)      12(5) 

 4_to_6_hours 3(10)   1(2) 1(7) 1(2) 6(3) 

 7_to_9_hours 9(29)  52(98) 53(79) 14(93) 49(91) 177(80) 

 10_to_12_hours 7(23) 2(100) 1(2) 12(18)  4(7) 26(12) 

NB: For each region, results in bold indicate the category with the highest frequency for that question. 
*Farmer decides insemination time and call the technician at the time of insemination 
**Farmer calls the technician, explains the signs and duration, the technician decides the insemination time 
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In response to questions about the constraints around successful breeding (Figure 15 

and Table 9), almost half of the respondents, 142/301(47%), indicated that the high cost of 

breeding was a major constraint, with 96% (289/301) identifying high breeding costs as 

being at least a minor constraint. This is a higher proportion than the effects of poor oestrus 

detection (89%, 269/301), cows not displaying oestrus (79%, 234/301) and unavailability of 

AI services (51%, 154/301). Constraints around breeding varied markedly across regions.  

Except for high breeding cost, compared to farmers in Tanga, farmers in Njombe were more 

likely to report that all the constraints listed in Table 9 were major/moderate constraints on 

their farm. The relevant OR were 43.3 (95%CI: 11.7–160) for unavailability of AI service, 4.4 

(95%CI: 1.9–10.4) for unavailability of breeding bull, 5.6 (95%CI: 2.4–13.1) for bull being 

located at a distance, 6.5 (95%CI: 2.7–15.4) for poor oestrus detection, and 12.9 (95%CI: 

4.5–16.2) for cows not showing heat. For Mbeya, farmers had higher odds (compared to 

Tanga) of reporting the unavailability of an AI service (OR: 44.4, 95%CI: 12–82.6), poor 

oestrus detection (OR 3; 95%CI: 1.3–6.9) and cows not showing heat (OR 6.4; 95%CI: 2.2–

18.6) as major/moderate constraints. Despite having similar percentages of farmers using 

mixed breeding (see Table 7), farmers in Kilimanjaro were less likely to report bull 

availability and bull distance as major/moderate constraints than farmers in Tanga (OR 0.12; 

95%CI: 0.03–0.6, and 0.3; 95%CI: 0.1–1, respectively), while farmers in Morogoro were more 

likely than farmers in Tanga to report that heat detection was a problem (OR 3.2; 95%CI: 

1.4–7.5). 
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Figure 15. Constraints to successful breeding in smallholder dairy cattle farming in 
Tanzania 
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Table 9. Constraints for successful breeding in smallholder dairy cattle farming across the study regions in Tanzania mainland . Data are shown 
as number of respondents and percentage of responses within each region n (%). 

Character Category 
Regions 

Total 
Njombe Mbeya Tanga Kilimanjaro Arusha Morogoro 

Total respondents n=54 (18) n=55 (18) n=53 (18) n=66 (22) n=16 (5) n=57 (19) n=301 (100) 

Unavailability of AI service 

 major 19(35) 37(67) 1(2) 4(6)  2(4) 63(21) 

 moderate 20(37) 3(6) 2(4) 7(15)  2(4) 34(11) 

 minor 10(19)  20(38) 11(12) 1(6) 15(26) 57(19) 

 not at all 4(7)  28(53) 44(67) 13(81) 34(60) 123(41) 

 never used 1(2) 15(27) 2(4)  2(13) 4(7) 24(8) 

Unavailability of breeding bull 

 major 11(20) 1(2) 5(9) 2(3)  2(4) 21(7) 
 moderate 18(33) 6(11) 6(11)   3(5) 33(11) 

 minor 7(13) 27(49) 6(11) 10(15)  7(12) 57(19) 

 not at all 12(22) 21(38) 6(11) 24(36) 6(38) 33(58) 102(34) 

 never used 6(11)  30(57) 30(46) 10(63) 12(21) 88(29) 

High breeding cost 

 major 34(63) 20(36) 28(53) 25(38) 6(38) 29(51) 142(47) 
 moderate 15(28) 25(46) 22(42) 35(53) 8(50) 18(32) 123(41) 

 minor 4(7) 7(13) 1(2) 5(8) 1(6) 6(11) 24(8) 

 not at all 1(2) 3(6) 1(2)  1(6) 3(5) 9(3) 

 never used   1(2) 1(2)  1(2) 3(1) 

Bull located at far distance 

 major 19(35) 4(7) 7(13) 2(3)  4(7) 36(12) 

 moderate 13(24) 6(11) 4(8) 3(5) 1(6) 5(9) 32(11) 

 minor 7(13) 28(51) 6(11) 22(33) 1(6) 10(18) 74(25) 

 not at all 9(17) 17(31) 6(11) 8(12) 4(25) 26(46) 70(23) 
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 never used 6(11)  30(57) 31(47) 10(63) 12(21) 89(30) 

Poor heat detection 

 major 13(24) 3(6)  7(11) 1(6) 3(5) 27(9) 

 moderate 21(39) 21(38) 11(21) 16(24) 2(13) 23(40) 94(31) 

 minor 13(24) 21(38) 37(70) 41(62) 11(69) 25(44) 148(49) 

 not at all 7(13) 10(18) 5(9) 2(3) 2(13) 6(11) 32(11) 

Cows not showing heat 

 major 4(7) 1(2) 1(2) 1(2)  1(2) 8(3) 

 moderate 27(50) 21(38) 4(8) 8(12)  8(14) 68(23) 

 minor 7(13) 18(33) 36(68) 47(71) 12(75) 38(67) 158(53) 

 not at all 16(30) 15(27) 12(23) 10(15) 4(25) 10(18) 67(22) 

For each region, results in bold indicate the category with the highest frequency for that question 
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4. Discussion  

4.1. Smallholder dairy cattle household, family, and farm demographics  

To achieve sustainable development of smallholder dairy cattle farming in Tanzania, a 

proper understanding of the key participants involved is essential. This includes a thorough 

knowledge of the features of the farmers and their farms, locality, and farming practices.  

Smallholder dairy farming in Tanzania is generally collaborative, with household heads 

including other household members (spouse and/or children or relative) in decisions related 

to farming. In this survey, it was found that most farms/households (74%) were headed by 

men. This is consistent with other recent surveys, such as that of Kashoma and Ngou (2023) 

who reported, based on a survey of farms across 17 districts, that 68% of households were 

headed by men. However, both of these percentages are much lower than previous reports, 

e.g. the 90% reported by Kivaria et al. (2006b), in the Dar es Salaam region and the 93% 

reported by Swai et al. (2014) in Kilimanjaro and Arusha. These findings indicate that there 

has been an increase in the number of women involved in smallholder dairy farming. One 

positive reason for this increase is the focus of NGOs on the empowerment of women-led 

households. This was most apparent in Njombe, where almost equal numbers of men and 

women were household heads, consistent with the report by Msangya et al. (2015), 53% of 

the households in Njombe supported by the Heifer Project International Trust were led by 

women. The other, less positive, reason for the increased involvement of women in 

smallholder dairying is likely to be the rural-urban migration of men searching for better 

wages, therefore, by default, leaving women to manage the household and its livestock 

(Ojango et al., 2017). 

In most regions, a herd size of 3 to 4 animals was the most common. However, in both 

Tanga and Morogoro, the most common herd size was >4 animals. The somewhat larger 

herd size reported in Tanga and Morogoro may reflect, at least in part, the proximity of 

these regions to Dar es Salaam, which is the biggest milk market in the country. However, 

the rapid increase in the population in the Dar es Salaam region in the recent past (Lupala, 

2021) has not been reflected in recent increases in the size of farms in either Morogoro 

(Nkya et al., 1999) or Tanga (Zylstra et al., 1995), so market size is probably not the sole 

factor. The similarity of farm size across most regions is also reflected in the number of 

people/farms actively involved in farming, with 1-2 people actively involved in the majority 
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(67%) of farms. Tanga had both larger herds and more active people/farms, with 3-4 people 

per farm being the most common category, probably reflecting increased involvement of 

family members as previously reported (Swai et al., 2005a).  

Across the six study regions, cash purchase was the principal (66%) source of a 

household’s first dairy cattle beast, consistent with the 72% reported by Swai et al. (2014) in 

Kilimanjaro/Arusha. The only region where cash purchase was not the principal source was 

Mbeya, where a gift from a family member or friend was as common as cash purchase (49 

vs 45% of respondents, respectively). This process, known as ‘kufufya’ by Nyakyusa 

speakers, involves an individual giving a heifer or cow (which could be pregnant or non-

pregnant) to a relative or friend. When that animal calves, the original owner takes back the 

milking cow if the newborn calf is female, or if it is a bull calf, the new owner keeps the cow 

(until it produces a female calf) but shares the milk it produces with the original owner. This 

process has been popularised using the Kiswahili slogan “Kopa Ng’ombe lipa Ng’ombe” 

(meaning borrow a cow, pay a cow). Similar techniques have been used by NGOs (Kayunze 

et al., 2001; Msangya et al., 2015), with the recipient of a cow raising female offspring 

before passing on the younger animals to a new family/owner (De Vries (2012); “Passing on 

the Gift”. Likewise, Kopa Ng’ombe lipa Ng’ombe, Passing on the Gift, has been a regionally 

specific process with only Tanga and Mbeya reporting that a significant proportion of 

respondents got their first cow from an NGO. 

4.2. Farmers/respondents and attendants/workers' demographic characteristics  

Most respondents (51%) in this survey were aged between 41 and 60 years, with 39% 

having <10 years of farming experience. According to Swai et al. (2014), only 11% of their 

respondents had <10 years of experience. The higher figures in this survey, even in the 

regions studied by Swai et al. (2014), strongly suggest that there have been a significant 

number of new entrants into dairy farming over the last 10 years. This appears to be 

particularly the case in Njombe and Morogoro as both regions had ≥50% of respondents 

with <10 years’ experience. 

As expected, farm assistants were younger (77% were <30 years of age) and less 

experienced (83% had <5 years of experience) than farm owners.  For both groups, primary 

education was the highest education level (55% for farm owners, 66% for assistants) and 
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dairy farming was a full-time occupation (77 vs 87%, respectively). Having a majority of 

smallholder farmers and assistants with at least primary education (which is a compulsory 

education) signifies that they are more likely to adopt and apply modern farming techniques 

to improve their productivity.  

4.3. Smallholder dairy cattle households’ sources of income 

Across all respondents, very few (6%) relied solely on dairy cattle for their income. 

However, even for those who relied on other household income sources (i.e., employment, 

crop farming and business), the majority (84%) of them still depended on smallholder 

dairying as their major income source (except the Njombe region). According to Swai et al. 

(2014), dairying was the major source of income for only 32% of respondents in Kilimanjaro 

and Arusha regions, while Kashoma and Ngou (2023) reported 56.4%, from Arusha, Dar Es 

Salaam, Iringa, Kagera, Kilimanjaro, Mbeya, Morogoro, Mwanza, Njombe, Pwani and  Tanga. 

This shows an increase in the number of households relying on smallholder dairying year by 

year. This trend can be expected to result in a stable household economy, providing 

sustainable income and improved nutrition. Furthermore, it indicates significant growth in 

the sector, leading to improved food security, economic development, and increased 

employment opportunities for many Tanzanians. Therefore, this study suggests that the 

government and other stakeholders support smallholder dairy cattle farmers in achieving 

increased and sustainable productivity.  

4.4. Smallholder dairy cattle grazing systems and feed sources. 

There were marked differences across regions in the source of non-dairy income. In 

Morogoro, 64% of respondents had moderate/major income from employment. This may 

be related to the proximity of institutions like Sokoine University and access to government-

related jobs. Gillah et al. (2013) reported that 19% of farmers in Morogoro were 

government employees and 15% were retired officers. For the remaining regions, crop 

farming was the principal alternative source of income. In most regions, it was listed as a 

moderate/minor source of income by respondents (64% to 84% depending on region); 

however, in Njombe, it was a major source of income for 52% of respondents. This indicates 

that smallholder dairy cattle farming is expanding beyond urban and peri-urban areas, 

traditionally managed by government officers, to rural areas, where crop farmers are 

121



 

 

increasingly adopting these practices. The involvement of crop farmers in smallholder dairy 

cattle farming was also recorded in the previous studies (Kashoma & Ngou, 2023; Swai et al., 

2014).  

Zero grazing was the predominant system in all study regions (67 to 99% of 

respondents) except for Mbeya (only 16% of respondents). Zero grazing or ‘cut-and-carry’ 

uses natural pastures, with fresh forages being obtained from roadsides, highways, and non-

cultivated areas such as communal lands, uncultivated fields, communal swamp areas and 

communal grazing areas (Swai & Karimuribo, 2011; Urio, 1986). Tethering was the 

predominant system in Mbeya (68% of farmers), which may reflect the longer periods in the 

Mbeya region (Busokelo district in particular) when grazing is available, since the area is a 

cooler highland area (770 to 2865 metres above sea level), which receives 1500 to 2700 mm 

rainfall per year (Makala, 2017; Nyunza & Mwakaje, 2012). The current survey evaluated the 

use of eight on-farm feed sources. The survey identified five types of feed sources: 1) 

commonly used feed sources with limited variability across regions (i.e. concentrates, and 

natural pastures); 2) commonly used feed sources with large differences in level of use by 

region (crop residuals); 3) rarely used feed sources with >75% farms reporting no use and 

>90% of farms no more than minor use (i.e. grazing, bought fodder and conserved feeds); 4) 

feed sources that are rarely used in most regions, but commonly used in one or more 

regions (e.g. cut fodder from outside); and 5) feed sources that vary markedly across and 

within regions (e.g. fodder plots in farm). These regional differences in feeding practices 

need to be considered when developing support programs. Furthermore, these results also 

show that it would be too simplistic to assume that all farms within a region use the same 

feed sources at the same time and in the same way, such that, even at the regional level, 

feed supply will require multifactorial solutions to achieve success. 

The use of crop residuals as livestock feed could have many benefits: cost savings 

(crop residuals are more affordable), availability (most are locally available) and greater 

utilisation of agricultural by-products. Such practice can help to guarantee sustainable 

agricultural practices and more efficient resource management within the community of 

smallholder dairy cattle farming in countries like Tanzania.  
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4.5. Dairy breed selection criteria and breeding practice 

Only 53% of farmers across the six regions had a breed preference. Surprisingly, the 

proportion of farmers from Njombe who had a preference was much higher than this 

average (at 96%). The reason for this difference is unclear. Despite the low proportion of 

respondents who had a specific breed preference, most respondents (91%) expressed their 

opinions on the cattle attributes they desired. Unsurprisingly, high milk production is the 

primary reason for their choices, as highlighted in the previous surveys done in Tanzania 

(Chawala et al., 2019; Gillah et al., 2014; Swai & Karimuribo, 2011). This preference (and the 

preference for large body size especially in Morogoro, Tanga and Mbeya) probably reflects 

the marketing of ‘high yielding’ cows to smallholders rather than the direct experience of 

the respondents of such cows playing an important role in improving farm incomes (Chung, 

2024).  

The breeding method was very dependent on the region, reflecting the generally poor 

AI infrastructure across much of Tanzania and the centralisation of the AI service at the 

National Artificial Insemination Centre (NAIC) in Arusha. Regions that predominantly used AI 

were generally close to the NAIC, with regions further away using a combination of natural 

insemination and AI. Nevertheless, across the six regions, 80% of farmers used at least some 

AI. For five of the six regions, >90% of farmers reported using some AI, with only Mbeya 

having the majority of farmers using bulls only (96%). Centralization of the AI centre in 

Tanzania could be the reason for the irregular availability of semen and other consumables 

like liquid nitrogen to farmers located away from NAIC. Similarly, as reported previously by 

Mwanga et al. (2019) in their study on factors influencing breeding decisions by smallholder 

dairy farmers in Sub-Saharan African countries. Also, irregularities in the supply of AI 

consumables by Kashoma and Ngou (2023). In another report (Kanuya et al., 2014), over 

60% of farmers in Morogoro and Tanga reported experiencing challenges related to AI 

delivery systems. Though there are some imported doses of semen by private organizations 

(Katjiuongua, 2014; Ogutu et al., 2014), plans are underway to improve the available semen 

production by involving public-private partnerships and development partners (Ogutu et al., 

2014). Further, Kusiluka et al. (2006) reported a lack of breeding services for smallholder 

dairy cattle farmers in the eastern zone of Tanzania.  
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The cost of AI varies with distance from the NAIC. The proximity to the AI centre 

means that AI services can be offered to farmers at a relatively low cost (i.e. between 

15,000 and 25,000 TZs per insemination (~US$6-10) for first insemination). Nevertheless, 

irrespective of distance, AI was seen by many respondents as being expensive. The lack of a 

good AI infrastructure in Tanzania probably limits productivity on dairy farms, since AI 

confers significant advantages over natural mating in terms of genetic gain and disease 

control (Parkinson & Morrell, 2019). Increased use of AI could be greatly beneficial for 

smallholder productivity, reducing the risk of disease from the use of untested local bulls 

and improving production efficiency and longevity, especially if the focus is not just on 

increasing milk production. Furthermore, to sustain productivity, emphasis must be placed 

on improving the management and nutrition of the animals. This is because inadequate 

nutrition and management of animals may result in reduced milk yields, increased health 

disorders and most importantly, impaired reproductive ability (Van Saun, 1991). The high 

cost and unreliability of AI service were among the constraints highlighted in the previous 

studies from Tanzania (Kanuya et al., 2014) and in sub-Saharan African countries (Mwanga 

et al., 2019). 

4.6. Smallholder dairy cattle farming constraints 

Two areas of constraints were examined: general constraints and specific breeding-

related constraints. High costs of inputs were identified as the leading constraint in the 

general constraints section of the survey, with 76% of all farmers reporting it as a highly 

significant constraint (range: 65% to 95% by region). In general, high input costs seemed to 

be perceived as a more important constraint than high breeding costs alone. In all regions, 

the proportion of farmers who reported high input costs as a highly significant constraint 

was higher than the proportion who reported high breeding costs as a major constraint. 

High cost of inputs was also reported previously: concentrates and veterinary drugs (Kivaria 

et al., 2006b) in Dar es Salaam and northern Tanzania (Swai et al., 2014). Furthermore, in all 

regions, the most common response about high input costs was that it was a highly 

significant constraint, whereas, for breeding costs, the most common response varied 

between major and moderate, depending on the region. Insufficient land and feed were 

also seen as highly significant/important constraints by most respondents, except in Tanga, 

where most respondents (51% and 59%, respectively) thought that they were of minor to 
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moderate importance. This regional difference may reflect the high number of swamp areas 

and abandoned sisal plantations in the Tanga region areas from which farmers can reliably 

obtain forage.  

The cost of breeding was seen as a major constraint by a high proportion of 

respondents in all regions (>80%), with no evidence that being near the NAIC made that cost 

less of a constraint. This was also highlighted previously that farmers are unable to pay for 

the AI service due to high costs and irregularities in the AI delivery system  (Kashoma & 

Ngou, 2023). Irregularities in the AI delivery system were also reported to be a challenge for 

smallholder dairying improvement in Rwanda (Rugwiro et al., 2021). In contrast, distance 

from the NAIC did affect whether the lack of an AI service was an important constraint, with 

the regions close to Arusha reporting no or minor concerns and the regions far from Arusha 

reporting major/moderate concerns. Indeed, concerns about reproductive constraints were 

particularly prominent in Njombe, with all constraints (other than cost) being ranked as 

more important in Njombe than in Tanga. The pattern for Mbeya was similar but the 

differences were less marked. This probably reflects the different patterns of breeding in 

the two regions – natural service only predominates in Mbeya, while mixed and AI only 

predominate in Njombe. More reliance on AI leads to more concerns – again highlighting 

the importance of improving the AI infrastructure in dairying regions remote from Arusha.  

The regional differences in the relative importance of constraints again highlight the 

importance of developing regional solutions to improve smallholder dairy farm productivity, 

while the variability in the relative importance of constraints across farms within a region 

highlights the importance of understanding what is driving those differences at the farm 

level. Previous studies on smallholder dairying constraints in Tanzania include inadequate, 

seasonal and irregular forage availability in Arusha, Kilimanjaro (Swai et al., 2014) and Dar es 

Salaam (Kivaria et al., 2006b). Also, the high cost and poor conception/pregnancy rates 

achieved by AI (Kanuya et al., 2014) was considered by farmers from Tanga and Morogoro 

to be a significant disincentive to breed by AI. 
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5. Conclusion 

The primary objective of this study was to conduct a large-scale survey to understand 

the unique characteristics of smallholder dairy cattle farmers in Tanzania and to identify 

regional differences that might impact the development of the dairy farming industry. The 

findings of this study revealed significant regional differences in demographic factors such 

as gender, age and farming experience, reflecting the structure of the dairy industry and the 

availability of alternative income streams in different regions. These regional differences 

underscore the importance of tailoring interventions to farmers' specific needs and 

preferences in each locality rather than assuming a uniform approach will be effective.  

This study also highlighted some areas that require attention within the specific agro-

economic context of different regions in Tanzania.  Addressing these issues will form the 

foundation for developing regionally tailored and sustainable solutions. A ‘one size fits all’ 

approach risks undermining the success of herd-improvement programs or other initiatives 

by failing to consider the needs of farmers in different regions. The sustainable 

development of Tanzania’s smallholder dairy farming industry requires targeted and flexible 

strategies that consider these disparities. This includes a thorough understanding of the 

farmer's characteristics, preferences and constraints before implementing any programmes. 

Such considerations will enhance the likelihood of success for initiatives introduced by the 

government, NGOs or other stakeholders. Lastly, this study serves as the baseline for future 

research and action. Further qualitative research is recommended to explore the underlying 

reasons behind these regional differences, which were beyond the scope of this study, to 

refine strategies further and ensure the long-term success of the interventions aimed at 

improving the dairy industry in Tanzania.  
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Simple Summary

Dairy cattle infertility is among the major challenges to smallholder dairy farming in
Tanzania, yet it remains poorly understood by farmers. The current study investigated
301 farmers from the six key dairy-producing regions to explore their knowledge, attitudes
and practices regarding dairy cattle infertility. Almost all farmers reported experiencing
infertility in their herds and identified common infertility signs correctly, e.g., return to
oestrus after breeding. Also, farmers reported poor feeding and housing, diseases and
poor heat detection as important infertility causes, which were managed in various ways,
including seeking assistance from veterinarians/livestock officers or culling. Our findings
highlight that there is a wide recognition of dairy cattle infertility, but sometimes it is
wrongly managed. Therefore, there is a need for the provision of better education to the
farmers to reduce losses and improve herd productivity.

Abstract

Infertility is one of the major farming constraints facing smallholder dairy cattle farming in
Tanzania. Despite its impact, there is limited information on how farmers understand and
manage it. The present study aimed to assess farmers’ knowledge, attitudes and practices
related to dairy cattle infertility. A cross-sectional survey was conducted using a structured
questionnaire involving 301 farmers across six major dairy-farming regions: Tanga, Arusha,
Kilimanjaro, Mbeya, Morogoro and Njombe. Overall, 95% of respondents reported encoun-
tering infertility on their farms. Farmers were asked to identify signs of infertility from the
list of 10 (8 correct and 2 distractors); the median score for correct identification was 7 (range
2–10). The most recognised sign was return to oestrus after insemination (94%). Most farmers
correctly identified low milk yield and mastitis as not being signs of infertility. The main
reported causes included poor nutrition/housing (93%), livestock diseases (89%), poor record
keeping (85%), and poor oestrus detection (83%). Nearly all (98%) viewed infertility as a
serious issue, predominantly naming repeat breeding (95%) and failure to produce a calf/year
(90%). Management strategies included seeking veterinary services (94%), slaughter (69%),
sell to other farmers (23%) and self-treatment (16%). Our findings highlight widespread
awareness of infertility while pointing out gaps in management, which reinforces the need for
improved farmer education and support services.

Vet. Sci. 2025, 12, 993 https://doi.org/10.3390/vetsci12100993135

https://doi.org/10.3390/vetsci12100993
https://doi.org/10.3390/vetsci12100993
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/vetsci
https://www.mdpi.com
https://orcid.org/0000-0002-6448-3908
https://orcid.org/0000-0002-8938-8595
https://orcid.org/0000-0003-0827-0462
https://orcid.org/0000-0002-3002-5773
https://doi.org/10.3390/vetsci12100993
https://www.mdpi.com/article/10.3390/vetsci12100993?type=check_update&version=1


Vet. Sci. 2025, 12, 993 2 of 22

Keywords: Tanzania; smallholder dairy farmers; dairy cattle infertility; knowledge; attitude;
practices

1. Introduction
Smallholder dairy cattle farming is an important component of the agricultural sector

in many developing countries, particularly for rural and peri-urban households [1]. It
plays a vital role in the improvement of the livelihoods of many households, as it ensures
food security and enhances access to animal protein [2,3]. In Tanzania, smallholder cattle
dairying contributes about 99% of the total milk produced [4], with ~97% being consumed
at the household level or sold locally through informal value chains with little or no
processing [5]. Of the total milk production, local cattle breeds contribute ~2.6 billion
L/year (67%), with improved dairy cattle breeds producing ~1.3 billion L/year (33%) [6].
The improved dairy cattle are the crosses of European dairy breeds (e.g., Friesian, Ayrshire,
and Jersey) with local Zebu, especially the Tanzanian Shorthorn Zebu, Boran, and Sahiwal.
However, the demand for milk and milk products in Tanzania is ~12 billion L/year [6,7].
Consequently, ~75% of dairy consumption in Tanzania is of imported products. The
growing demand in Tanzania for dairy products [8] means this is likely to increase unless
the efficiency and productivity of dairy farming are improved [9].

Tanzania’s smallholder dairy farms produce most milk. However, Tanzanian small-
holder dairy farmers face many constraints that limit their ability to improve the produc-
tivity of their farms. Most importantly, their farms are dominated by low-input-low-yield
cattle breeds (~97% of cattle on their farms) [8], which limits their potential to increase yield.
Other constraints include seasonal fluctuations in forage and feed availability, inability to
access affordable veterinary and extension services, high levels of endemic disease and
inadequate marketing of their products [8,10–12].

One key challenge facing smallholder dairy cattle farmers in Tanzania is the poor
reproductive performance of their cattle [13–15]. This poor reproductive performance
is characterised by low calving rates (65 births/100 cow years [13], prolonged intervals
between calving and first observed oestrus (mean of 108 days [14]), and extended inter-
calving intervals (mean 476–500 days [13,14]). This poor reproductive performance results
in fewer calves being born, reduced lifetime milk production, and an increase in the
proportion of cows in the herd that are not lactating. All these effects reduce household
food security and limit the availability of milk for sale in the commercial market.

Improving reproductive performance on smallholder dairy farms will require signif-
icant input from farmers [16]. Obtaining such input will likely be dependent on farmer
training and support programmes [14]. To optimise and target this training and support,
data are needed on smallholder dairy cattle farmers’ current knowledge, attitudes and
practices (KAPs) concerning dairy cattle infertility. However, no studies have been un-
dertaken in Tanzania specifically focused on understanding these KAPs. Therefore, the
purpose of this research is to address that knowledge gap (via evaluation of farmers’ KAPs
on infertility) and provide insights to inform future efforts to improve fertility and increase
the productivity of smallholder dairy farms in Tanzania. This research was conducted
across six key dairying regions to capture regional variations in knowledge levels.

2. Methodology
This survey was undertaken alongside the survey described in a study by Ngou

et al. [17]. A brief methodology is included here.
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2.1. Ethical Considerations and Approval

This research was approved by the Ministry of Livestock and Fisheries through the
Ethics Review Board of the Tanzania Livestock Research Institute (TALIRI) (reference num-
ber TLRI/RCC.21/007). The first author conducted interviews with the assistance of local
veterinarians or livestock officers who introduced the Author to the farmer/respondent
(usually the family head). Informed written consent was given before the interview. To
ensure confidentiality, all responses were anonymised, and no identifying information was
linked to the data.

2.2. Study Area and Study Farm Selection

This cross-sectional survey was undertaken between May 2022 and February 2023
in six dairy-producing regions of Tanzania (Figure 1). Within each region, convenience
sampling was used to identify study villages and the first study farm in each village.
Snowball sampling was then employed to select other study farms in that village. If the
owner or someone who could respond to the questionnaire was not available on a selected
farm, the interviewer moved to the next one on the list.

Figure 1. Map of Tanzania showing study regions and districts: Southern Highland regions, Northern
Highland regions and Morogoro. NB: CC—City council, DC—District council and TC—Town council.
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2.3. Field Data Collection

A questionnaire was developed to investigate a wide range of aspects of dairy-farming
practice amongst smallholder dairy farmers. This paper mostly describes the responses
to the questions related to the farmers’ KAPs around dairy cattle infertility. Pretesting of
the questionnaire was undertaken with 24 smallholder farmers (not included in the final
dataset) and 11 experts (veterinarians/livestock officers and researchers). KoboToolbox
version 2025.2 (Cambridge, MA, USA) was used for offline data collection. The first section
of this part of the questionnaire comprised enquiries on the signs indicating infertility and
its associated causes. This section was included to ascertain whether farmers correctly
understood the signs of infertility. This was followed by a section on farmers’ attitudes
towards dairy cattle infertility on their farms. The last section asked the respondents about
what they thought were their key practices on their farm concerning dairy cattle infertility,
including its treatment, control, and prevention.

In the questionnaire, the term ‘repeat breeding’ was used to refer to cows that returned
to oestrus after breeding, rather than the strict definition of the term that excludes cows
with overt pathology of the reproductive system [18].

2.4. Data Management

Data from the questionnaire was downloaded from KoboToolbox to an Excel spread-
sheet (Microsoft, Seattle, WA, USA). Data analysis was undertaken using SPSS version 25
(IBM, Seattle, WA, USA). Results for each question were tabulated and presented as overall
results and by region. Where the effect of region on the answer to a question was thought
to be of interest, logistic regression was used to analyse the impact of region upon the
response, with the response to a question being the dependent variable and region the only
predictor variable. Where responses in a category were <5% of respondents, categories
were merged (based on proximity or compatibility) before analysis. Where this merging
resulted in more than two ordered categories, ordinal logistic regression analysis was used,
with the proportional odds assumption being tested using the test of parallel lines [19,20].
Multinomial logistic regression analysis was used, where the outcome was multinomial
rather than ordinal (or the test of parallel lines had p < 0.05) [21].

For the section on the signs of infertility, each respondent was scored based on the
number of correct answers. The effect of region on this score was analysed using an ordinal
logistic regression with the respondent’s score as the outcome variable and region as the
only predictor variable.

For all analyses, Tanga was used as the reference region. Descriptive data from Arusha
(i.e., proportions of respondents) are reported, but data from Arusha were not included in
any statistical analysis of the effect of the region due to the low number of respondents in
that region.

3. Results
3.1. Signs of Infertility

Across all 301 respondents, 285 (95%) reported having experienced infertility in their
dairy herds, a relatively uniform result across the study regions (range across regions: 94–98%
of respondents; Figure 2 and Table 1). The high proportion of respondents reporting that they
had experienced infertility was consistent with the high proportion who correctly understood
the signs of infertility. Overall, the median number of questions on the signs of infertility
that were answered correctly was 7/10 (ranging, at the individual farmer level, from 2 to
10 correct). Across the 10 separate questions, the proportion of correct respondents ranged
from 282/301 (94%) who identified repeat breeding as a sign of infertility, to 199/301 (66%)
who identified failure to produce a calf in a year.
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Figure 2. Smallholder dairy cattle farmers’ knowledge of the signs of infertility in dairy cattle in
Tanzania mainland.

Respondents from Morogoro had the highest average proportion of individual farmer
correct answers (9/10), followed by those from Tanga and Kilimanjaro (8/10). In contrast,
participants from Mbeya and Njombe had an average of 7 and 6 correct answers, respec-
tively. Compared to Tanga, respondents in Morogoro had higher odds of having more
questions correct (OR: 3.16, 95%CI: 1.59–6.30) while Njombe respondents had lower odds
(OR: 0.21, 95%CI: 0.10–0.41).

To analyse the effect of region on the correct identification of individual signs of
infertility the response ‘incorrect’ was combined with ‘not sure’ before analysis (i.e., both
responses were defined as ‘not correct’), except for the two distractor questions (mastitis
and poor milk production) where the answer ‘correct’ was combined with ‘not sure’ as ‘not
correct’. Binary logistic regression analysis was then performed.

For the two distractor questions (i.e., producing less milk and suffering from mastitis),
a high proportion of respondents correctly reported that lower milk production (83%) and
suffering from mastitis (78%) were not signs of infertility. At the regional level, farmers from
Morogoro were more likely to correctly identify less milk production or suffering from
mastitis as not being signs of infertility than those from Tanga. The odds of a farmer from
Morogoro identifying less milk production or suffering from mastitis as infertility signs
were 0.06 (95%CI: 0.01–0.49) and 0.14 (95%CI: 0.03–0.66) times, respectively, those in Tanga.

Repeat breeding had the highest proportion of respondents identifying it as a sign of
infertility (94%). Across the regions, this proportion varied from 100% (Arusha) to 82%
(Njombe) (Table 1). The low proportion of incorrect respondents limited the power to
identify the effect of region as, for example, compared to Tanga, respondents in Njombe
had more than twice the odds of being ‘not correct’ for this question, but the wide 95% CI
(OR: 2.18, 95%CI: 0.69–6.88) indicates that the data were compatible with both a moderate
decrease and a large increase, hence no meaningful effect. Across all 301 respondents, 89%
correctly identified abortion as a sign of infertility, ranging by region from 65% (Njombe) to
100% (Morogoro and Arusha). Farmers in Njombe had over 4 times greater odds of being
‘not correct’ for this question than farmers in Tanga (OR: 4.25, 95%CI: 1.54–11.8).
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Table 1. Opinions of Tanzanian smallholder dairy farmers on signs of infertility. Data are shown as the number of respondents (%).

Character Category
Regions Total

Tanga Arusha Kilimanjaro Mbeya Morogoro Njombe
n = 301 (%)

Total Respondents n = 53(%) n = 16(%) n = 66(%) OR (95%CI) n = 55(%) OR (95%CI) n = 57(%) OR (95%CI) n = 54(%) OR (95%CI)

Have you ever encountered infertility on your farm?

yes 52 (98) 15 (94) 62 (94)
***

52 (95) 55 (96) 49 (96) 285 (95)
No 1 (2) 1 (6) 2 (3) 3 (5) *** 1 (2) *** 4 (2) *** 12 (4)

I don’t know 2 (3) 1 (2) 1 (2) 4 (1)

Sign of infertility

Producing a small amount of milk

correct 5 (9) 4 (6) 0.47
(0.18–1.26)

1 (2) 0.34
(0.11–1.05)

0.06
(0.01–0.49)

11 (20) 2.17
(0.93–5.06)

21 (7)
incorrect 41 (77) 11 (69) 58 (88) 50 (91) 56 (98) 33 (61) 249 (83)
not sure 7 (13) 5 (31) 4 (6) 4 (7) 1 (2) 10 (19) 31 (10)

Suffering from mastitis

correct 6 (11) 12 (18) 1.78
(0.77–4.14)

7 (13) 0.96
(0.37–2.44)

1 (2)
0.14

(0.03–0.66)

10 (19) 2.07
(0.87–4.84)

36 (12)
incorrect 42 (79) 14 (88) 45 (68) 44 (80) 55 (97) 35 (65) 235 (78)
not sure 5 (9) 2 (13) 9 (14) 4 (7) 1 (2) 9 (17) 30 (10)

Repeat breeding

correct 48 (91) 16 (100) 65 (99) 0.15
(0.02–1.31)

53 (96) 0.36
(0.07–1.96)

56 (98) 0.17
(0.02–1.52)

44 (82) 2.18
(0.69–6.88)

282 (94)
incorrect 3 (6) 1 (2) 7 (13) 11 (4)
not sure 2 (4) 1 (2) 1 (2) 1 (2) 3 (6) 8 (3)

Abortion

correct 47 (89) 16 (100) 65 (99) 0.12
(0.01–1.04)

48 (87) 1.14
(0.36–3.65)

57 (100)
***

35 (65)
4.25

(1.54–11.8)

268 (89)
incorrect 5 (9) 1 (1) 5 (9) 10 (19) 21 (7)
not sure 1 (2) 2 (4) 9 (17) 12 (4)

Retained foetal membrane (RFM)

correct 44 (83) 15 (94) 64 (97)
0.15

(0.03–0.74)

42 (76) 1.51
(0.59–3.91)

54 (95) 0.27
(0.07–1.07)

31 (57)
3.63

(1.48–8.90)

250 (83)
incorrect 7 (13) 1 (6) 1 (2) 9 (16) 3 (5) 15 (28) 36 (12)
not sure 2 (4) 1 (2) 4 (7) 8 (15) 15 (5)

Purulent vulval discharge

correct 45 (85) 15 (94) 58 (88) 0.78
(0.27–2.23)

37 (67)
2.74

(1.07–7.00)

57 (100)
***

32 (59)
3.87

(1.53–9.78)

244 (81)
incorrect 2 (4) 1 (6) 3 (5) 13 (24) 10 (19) 29 (10)
not sure 6 (11) 5 (8) 5 (9) 12 (22) 28 (9)

Suffering from reproductive disease

correct 43 (81) 16 (100) 60 (91) 0.43
(0.15–1.27)

31 (56)
3.33

(1.39–7.95)

55 (97)
0.16

(0.03–0.75)

34 (63)
2.53

(1.05–6.11)

239 (79)
incorrect 1 (2) 1 (2) 14 (26) 1 (2) 7 (13) 24 (8)
not sure 9 (17) 5 (8) 10 (18) 1 (2) 13 (24) 38 (13)

Stillbirth

correct 42 (79) 15 (94) 55 (83) 0.76
(0.30–1.93)

35 (64) 2.18
(0.92–5.17)

56 (98)
0.07

(0.01–0.55)

32 (59)
2.63

(1.11–6.19)

235 (78)
incorrect 7 (13) 1 (6) 4 (6) 13 (24) 1 (2) 16 (30) 42 (14)
not sure 4 (8) 7 (11) 7 (13) 6 (11) 24 (8)

Dystocia
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Table 1. Cont.

Character Category
Regions Total

Tanga Arusha Kilimanjaro Mbeya Morogoro Njombe
n = 301 (%)

Total Respondents n = 53(%) n = 16(%) n = 66(%) OR (95%CI) n = 55(%) OR (95%CI) n = 57(%) OR (95%CI) n = 54(%) OR (95%CI)

correct 36 (68) 12 (75) 59 (89)
0.25

(0.10–0.67)

36 (66) 1.12
(0.50–2.49)

54 (95)
0.12

(0.03–0.43)

32 (59) 1.46
(0.66–3.21)

229 (76)
incorrect 11 (21) 3 (19) 2 (3) 15 (27) 3 (5) 16 (30) 50 (17)
not sure 6 (11) 1 (6) 5 (8) 4 (7) 6 (11) 22 (7)

Failure to produce a calf in a year

correct 44 (83) 7 (44) 44 (67)
2.44

(1.01–5.90)

38 (69) 2.19
(0.87–5.47)

31 (54)
4.1

(1.69–9.95)

35 (65)
2.65

(1.07–6.59)

199 (66)
incorrect 5 (9) 1 (6) 3 (5) 12 (22) 6 (11) 16 (30) 43 (14)
not sure 4 (8) 8 (50) 19 (29) 5 (9) 20 (35) 3 (6) 59 (20)

For each region, the answer with the highest frequency (with its percentage in brackets) is in bold. OR: odds ratio; CI: confidence interval. ***: Indicates absence of figure for OR, 95%CI
because of extremely low variabilities in farmers’ responses. Data from Arusha were not included in the analysis. Calculation and interpretation of the OR: For this analysis ‘incorrect’
and ‘not sure’ were merged as ‘not correct’ and compared to ‘correct’ using binomial logistic regression (except for mastitis/milk production where ‘correct’ and ‘not sure’ were merged
as ‘not correct’ and compared to ‘incorrect). OR are odds, compared to Tanga, of a respondent from the region answering ‘not correct’; i.e., for RFM, the odds of a respondent from
Njombe answering ‘not correct’ were 3.63 times higher than those for a respondent from Tanga. OR values in bold are those where 95% CI excludes 1.
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For retained foetal membranes (RFM), 83% of all 301 respondents correctly identified it
as a sign of infertility; the range across regions was 57% (Njombe) to 97% (Kilimanjaro).
As for abortion, respondents in Njombe had higher odds of being ‘not correct’ for this
question (OR: 3.63, 95%CI: 1.48–8.90) than those in Tanga; and, in addition, farmers in
Kilimanjaro had lower odds of being ‘not correct’ (OR: 0.15, 95%CI: 0.03–0.74) than those in
Tanga. For purulent vaginal discharge, 81% of all respondents correctly identified it as a sign
of infertility, ranging from 59% (Njombe) to 100% (Morogoro). Again, Njombe respondents
had higher odds of being recorded as ‘not correct’ than those from Tanga (OR: 3.87, 95%CI:
1.53–9.78). Respondents from Mbeya (OR: 2.74, 95%CI 1.07–7.00) were also more likely to
be ‘not correct’ than those from Tanga.

Regarding reproductive diseases, 79% of respondents correctly identified this as indi-
cating infertility, with the highest proportion recorded in Arusha (100%) and the lowest
in Mbeya (56%). As for purulent vaginal discharge, respondents from both Mbeya and
Njombe had higher odds of being ‘not correct’ than respondents in Tanga (OR: 3.33, 95%CI:
1.39–7.95, and 2.53: 95%CI: 1.39–7.95, respectively). In contrast, respondents in the Moro-
goro region had lower odds of being ‘not correct’ (OR: 0.16, 95%CI: 0.03–0.75). For stillbirths,
78% of all respondents reported this correctly as an infertility sign, ranging from 98%
(Morogoro) to 59% (Njombe). Once again, compared to those in Tanga, respondents from
Njombe had higher odds (OR: 2.63, 95%CI: 1.11–6.19) of being ‘not correct’ and those in
Morogoro had lower odds (OR: 0.07, 95%CI: 0.01–0.55).

For dystocia, 76% of all respondents were categorised as correct, with the highest
proportion being recorded in Morogoro (95%) and the lowest in Njombe (59%). Compared
to those from Tanga, respondents from Kilimanjaro had lower odds of being ‘not correct’
(OR: 0.25, 95%CI: 0.10–0.67), as did those from Morogoro (OR: 0.12, 95%CI: 0.03–0.43).
As identified earlier, failure to produce a calf per year had the lowest proportion of correct
respondents of all questions (66%). Across the regions, the largest proportion of ‘correct’
responses was in Tanga (83%) and the lowest in Morogoro (54%). Respondents from three
regions had higher odds of being ‘not correct’ than those in Tanga: Morogoro (OR: 4.1,
95%CI: 1.69–9.95), Njombe (OR: 2.65, 95%CI: 1.07–6.59) and Kilimanjaro (OR: 2.44, 95%CI:
1.01–5.90).

For all 10 questions, the proportion of Njombe farmers who were correct was lower than
in Tanga (Table 1), with the 95% CI for the OR excluding 1 for 6/10 questions. The equivalent
figures for Mbeya, the region with the second highest proportion of ‘not correct’ answers, were
that proportions correct were lower for 7/10 questions, and the 95%CI for the OR excluded 1
for 2/10 questions. In contrast, respondents in Kilimanjaro and Morogoro, the regions with
the lowest proportion of ‘not correct’ answers across all 10 questions, had higher proportions
of correct answers than those in Tanga for 8/10 and 9/10 questions, respectively, with the
95%CI for the OR excluding 1 for 2/10 and 5/10 questions.

3.2. Farmers’ Perceptions of the Causes of Cattle Infertility

The respondents’ understanding of the causes of infertility on their farms is sum-
marised in Figure 3 and Table 2. To evaluate regional differences in farmers’ perceptions of
the causes of infertility, three categories were created: (i) ‘agree’ (combining strongly agree
and agree), (ii) ‘neutral’, and (iii) ‘disagree’ (combining disagree and strongly disagree).
The effect of the region was analysed using ordinal logistic regression analysis, with ‘agree’
being higher than ‘neutral’, which was higher than ‘disagree’.
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Figure 3. The opinions of Tanzanian smallholder dairy farmers on the causes of infertility on their
farms. The x-axis is the overall percentage of respondents (n = 285) in each category, with ‘0’ being
the midpoint of the ‘neutral’ response.

Most (93%) respondents agreed or strongly agreed that poor nutrition and housing
caused infertility on their farm (feeding and housing were put together as adopted from
a previous study [16] on smallholder dairy cow management and fertility). This was the
highest proportion of ‘agree’ responses for any of the eight causes in this survey. At the
regional level, the proportion of respondents agreeing ranged from 98% in Kilimanjaro and
Morogoro to 84% in Njombe. As the proportion of neutral results overall (3%) was <5%,
respondents in this category were merged with those in the category ‘disagree’ (to form a
‘neutral/disagree’ category) and a binomial logistic regression was used to compare the
odds of a respondent in a region being ‘neutral/disagree’ rather than ‘agree’. However,
although the fit of the model increased when the region was included (Akaike’s Information
Criterion (AIC) was 24.7 compared to 32.5 for the intercept-only model), none of the
individual region comparisons with Tanga had an OR whose 95%CI excluded 1 (Table 2).
Most (89%) respondents agreed/strongly agreed that disease was a cause of infertility on
their farm, ranging at the regional level from 96% (Morogoro) to 88% (Njombe). As only 2%
of respondents disagreed that disease was a cause of infertility on their farm, this category
was merged with neutral, and a binomial logistic regression was used to compare the odds
of a respondent in a region being ‘disagree/neutral’ rather than ‘agree’. However, as for
‘poor nutrition and housing’, although the fit of the model slightly decreased when the
region was included (AIC was 26.3 compared to 27.1 for the intercept-only model), none
of the individual region comparisons with Tanga had an OR whose 95%CI excluded 1
(Table 2).
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Table 2. Opinions of Tanzanian smallholder dairy farmers on the causes of infertility on their farms. Data are shown as the number of respondents (%).

Character Category Regions
Total

Tanga Arusha Kilimanjaro Mbeya Morogoro Njombe

Total Respondents n = 52 (18) n = 15 (5) n = 62 (22) OR (95% CI) n = 52 (18) OR (95% CI) n = 55 (19) OR (95% CI) n = 49 (17) OR (95% CI) n = 285(%)

Poor nutrition and housing

Strongly agree 13 (25) 6 (40) 15 (24)

0.19
(0.02–1.82)

32 (62)

2.18
(0.61–7.75)

12 (22)

0.22
(0.02–2.06)

26 (53)

2.34
(0.66–8.34)

104 (37)
Agree 35 (67) 9 (60) 46 (74) 12 (23) 42 (76) 15 (31) 159 (56)

Neutral 2 (4) 3 (6) 1 (2) 1 (2) 7 (3)
Disagree 1 (2) 1 (2) 5 (10) 7 (14) 14 (5)

Strongly disagree 1 (2) 1 (0.4)
Diseases

Strongly agree 2 (4) 1 (2)
2.04

(0.59–7.05)

10 (19)
2.51

(0.72–8.75)
0.45

(0.08–2.58)

25 (51)
1.67

(0.44–6.33)

38 (13)
Agree 46 (88) 14 (93) 52 (84) 33 (63) 53 (96) 18 (37) 216 (76)

Neutral 4 (8) 1 (7) 9 (15) 5 (10) 2 (4) 4 (18) 25 (9)
Disagree 4 (8) 2 (4) 6 (2)

Strongly disagree
Improper farm record-keeping

Strongly agree 14 (27) 7 (47) 13 (21)

0.30
(0.06–1.61)

5 (10)

6.16
(2.11–18.0)

34 (62)

0.34
(0.06–1.83)

23 (49)

3.76
(1.12–11.3)

96 (34)
Agree 33 (64) 8 (53) 47 (76) 26 (50) 19 (35) 11 (22) 144 (51)

Neutral 1 (2) 6 (12) 1 (2) 7 (14) 15 (5)
Disagree 4 (8) 1 (2) 15 (29) 1 (2) 8 (16) 29 (10)

Strongly disagree 1 (2) 1 (0.4)
Poor oestrus detection

Strongly agree 14 (27) 4 (27) 20 (32)
0.13

(0.02–1.13)

15 (29)
4.63

(1.67–12.9)

9 (16)
0.78

(0.22–2.72)

19 (39)
4.22

(1.51–11.8)

81 (28)
Agree 32 (62) 10 (67) 41 (66) 19 (37) 41 (75) 13 (27) 156 (55)

Neutral 4 (8) 1 (7) 2 (4) 3 (6) 5 (10) 15 (5)
Disagree 2 (4) 1 (2) 16 (31) 2 (4) 12 (25) 33 (12)

Strongly disagree

Uterine infections

Strongly agree 1 (2)

0.54
(0.26–1.11)

1 (2)

3.63
(1.65–7.96)

0.11
(0.04–0.30)

15 (31)

0.59
(0.27–1.29)

17 (6)
Agree 23 (44) 12 (80) 37 (60) 11 (21) 49 (89) 16 (33) 148 (52)

Neutral 29 (56) 3 (20) 24 (39) 29 (56) 6 (11) 13 (27) 104 (37)
Disagree 11 (21) 2 (4) 13 (5)

Strongly disagree 3 (6) 3 (1)
Embryo or foetal mortality

Strongly agree 2 (4)

0.80
(0.35–1.82)

5 (10)

0.66
(0.28–1.57)

0.67
(0.29–1.56)

13 (27)

0.20
(0.08–0.48)

20 (7)
Agree 3 (6) 2 (13) 9 (15) 8 (15) 10 (18) 16 (33) 48 (17)

Neutral 47 (90) 13 (87) 53 (85) 35 (67) 45 (82) 10 (20) 203 (71)
Disagree 4 (8) 7 (14) 11 (4)

Strongly disagree 3 (6) 3 (1)
Improper use of hormones, i.e., PGF2α
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Table 2. Cont.

Character Category Regions
Total

Tanga Arusha Kilimanjaro Mbeya Morogoro Njombe

Total Respondents n = 52 (18) n = 15 (5) n = 62 (22) OR (95% CI) n = 52 (18) OR (95% CI) n = 55 (19) OR (95% CI) n = 49 (17) OR (95% CI) n = 285(%)

Strongly agree 1 (2) 1 (7)

1.59
(0.76–3.34)

5.36
(2.36–12.1)

1 (2)

1.13
(0.53–2.43)

5 (10)

1.11
(0.46–2.67)

8 (3)
Agree 12 (23) 2 (13) 4 (7) 4 (8) 9 (16) 17 (35) 48 (17)

Neutral 35 (67) 12 (80) 57 (92) 29 (56) 43 (78) 10 (20) 186 (65)
Disagree 3 (6) 1 (2) 18 (35) 2 (4) 2 (4) 26 (9)

Strongly disagree 1 (2) 1 (2) 15 (31) 17 (6)
Mycotoxins

Strongly agree

0.66
(0.23–1.88)

8.24
(2.27–25.0)

0.48
(0.17–1.38)

3 (6)

0.19
(0.07–0.53)

3 (1)
Agree 5 (10) 2 (13) 6 (10) 8 (15) 16 (33) 37 (13)

Neutral 44 (85) 13 (87) 56 (90) 37 (71) 47 (86) 26 (53) 223 (78)
Disagree 14 (27) 3 (6) 17 (6)

Strongly disagree 3 (6) 1 (2) 1 (2) 5 (2)

NB: The answer with the highest frequency (with its percentage in brackets) for each region is bolded. OR: odds ratio; CI: confidence interval. Data from Arusha were not included in the
analysis. Calculation and interpretation of the OR: For this analysis, the effect of region on the proportion of respondents in the categories ‘agree’ (combining strongly agree and agree),
‘neutral’ and ‘disagree’ (combining disagree and strongly disagree) were assessed using ordinal logistic regression, except for ‘poor nutrition and housing’ and ‘livestock diseases’ where
binomial logistic regression was used (i.e., agree against neutral/disagree) because their overall responses for neutral or disagree category was <5%). OR are odds, compared to Tanga, of
a respondent being in a lower category, e.g., regarding whether mycotoxins were important, Njombe respondents had lower odds (OR: 0.19. 95%CI: 0.07–0.53) of being in a lower
category (e.g., disagree rather than neutral/agree) than farmers in Tanga, i.e., Njombe farmers were more likely to think mycotoxins were important than farmers in Tanga. OR values in
bold are those where the 95%CI excludes 1.
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For improper farm record keeping, 85% of all the respondents agreed/strongly agreed
that it was associated with infertility on their farm, ranging at the regional level from 97%
(Kilimanjaro and Morogoro) to 60% (Mbeya). Respondents in both Mbeya and Njombe had
higher odds of being in a lower category (i.e., were more likely to disagree than neutral
or agree that improper record keeping is associated with infertility) than respondents in
Tanga (OR: 6.16, 95%CI: 2.11–18.0 and OR: 3.36, 95%CI: 11.12–11.3, respectively). For poor
oestrus detection, 83% of all the respondents agreed/strongly agreed that it caused infertility
on their farm, ranging at the regional level from 98% (Kilimanjaro) to 66% (Mbeya and
Njombe). Again, respondents from Mbeya and Njombe had higher odds (OR: 4.63, 95%CI:
1.67–12.9 and OR: 4.22, 95%CI: 1.51–11.8, respectively) of being in a lower category (e.g.,
were more likely to disagree than being neutral or agree) than those in Tanga. A small
majority (58%) of all the respondents agreed/strongly agreed that uterine infections caused
infertility on their farm, ranging from 89% (Morogoro) to 23% (Mbeya). Respondents’ odds
of being in a lower category were higher in Mbeya (OR: 3.63, 95%CI: 1.65–7.96) and lower
in Morogoro (OR: 0.11, 95%CI: 0.04–0.30) than respondents in Tanga.

The most common overall response (71%) of respondents concerning embryo or foetal
mortality as a cause of infertility on their farm was ‘neutral’, ranging from 90% (Tanga) to
20% (Njombe). Only respondents in Njombe had lower odds (OR: 0.20, 95%CI: 0.08–0.48) of
being in a lower category than respondents in Tanga. Similarly, 65% of all the respondents
were neutral regarding the improper use of hormones as a cause of infertility, ranging from
92% (Kilimanjaro) to 20% (Njombe). Respondents in Mbeya had higher odds (OR: 5.36,
95%CI: 2.36–12.1) of being in a lower category than those in Tanga. Lastly, 78% of all the
respondents’ responses regarding mycotoxins as an infertility cause were neutral, ranging
from 90% (Kilimanjaro) to 53% (Njombe). Respondents in Mbeya had higher odds (OR:
8.24, 95%CI: 2.27–25.0), while those in Njombe had lower odds (OR: 0.19, 95%CI: 0.07–0.53)
of being in a lower category than those in Tanga.

3.3. Farmers’ Attitudes Towards Infertility

A total of 285 respondents reported having encountered infertility challenges in their herds.
Among those respondents, 98% (280/285) recognised that it was a problem for them, ranging
from 100% (Tanga, Arusha, Kilimanjaro and Morogoro) to 92% (Njombe). For respondents who
thought infertility was a problem in their herd, 48% (133/280) considered that it had major
consequences, ranging from 58% (Morogoro) to 31% (Njombe) (Figure 4 and Table 3). The effect
of region on the extent to which respondents thought infertility was a problem on their farm
was analysed using multinomial logistic regression as the parallel lines assumption was not met
(p < 0.05). Compared to the respondents in the Tanga region, only respondents in Njombe had
higher odds of regarding infertility as a moderate (OR: 2.48, 95%CI: 1.05–5.86) or a minor (OR:
4.67, 95%CI: 1.04–20.8) problem on their farm rather than a major problem.

Three categories were created to evaluate regional differences in farmers’ attitudes
regarding infertility: (i) ‘major’, (ii) ‘moderate’ and (iii) ‘negligible’ (merging of ‘minor’
and ‘not at all’). All analyses used ordinal logistic regression to assess the regional effect
on farmers’ attitudes towards infertility issues on their farms, except for repeat breeding,
reproductive diseases, and stillbirth, where binomial logistic regression was used and the
categories used were ‘negligible’ against ‘other’ (merging of ‘major’ and ‘moderate’).
Across the 285 respondents, 82% considered repeat breeding as a major infertility problem,
ranging from 93% (Arusha) to 67% (Njombe). Compared to Tanga, only respondents
in Njombe had lower odds (OR: 0.17, 95%CI: 0.05–0.56) of considering it a major issue
rather than ‘moderate’ or ‘negligible’ using binomial logistic regression, i.e., major against
other categories (merging of ‘moderate’ and ‘negligible’). For failure to produce a calf in
a year, the most common response was moderate, with 44% of farmers considering it to
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have a moderate impact, ranging from 93% (Arusha) to 13% (Tanga). Compared to Tanga,
respondents from Morogoro, Njombe, Kilimanjaro and Mbeya had higher odds of being in
a lower category with OR (95%CI) of 38.0 (15.12–95.8), 23.0 (9.03–58.7), 7.64 (3.2–17.9), and
5.48 (2.2–13.7), respectively (Table 3).

Figure 4. Perception of the Tanzanian smallholder dairy farmers (n = 285/301) on the impact of
experienced infertility problems on their farm.

The attitude of the majority of all the respondents (54%) was that the impact of
retained foetal membranes (RFM) on infertility on their farm was negligible, ranging from 73%
(Arusha) to 35% (Njombe). Respondents in Mbeya and Njombe had lower odds of being
in the lower category (meaning that farmers in these regions were more likely to perceive
RFM as a moderate or major issue on their farms) with OR (95%CI) of 0.44 (0.21–0.93) and
0.44 (0.21–0.91), respectively, compared to those in Tanga. Dystocia was considered to have
a negligible impact as an infertility problem by 79% of all respondents, ranging from 93%
(Arusha) to 63% (Njombe). There was no clear statistical difference between responses
from Tanga compared to other regions, however, many of the 95%CI were wide (e.g., 0.98
to 5.62 for Njombe respondents) which means that, although our data were compatible
with the absence of a regional effect, they were also compatible with a large effect of region
(e.g., for Njombe respondents a large increase in their odds of being in a lower category)
so we cannot exclude important differences between regions. The impact of abortions was
considered to be similar to dystocia, with 80% of all respondents, ranging from 87% (Tanga
and Arusha) to 75% (Mbeya), considering them to have a negligible impact. As for dystocia,
no clear regional difference was identified in farmers’ attitudes regarding the impact of
abortion, but again the 95%CI was wide (e.g., 0.16–1.20 for Mbeya vs. Tanga). An even
higher proportion of respondents (93%) considered stillbirths to have a negligible impact on
their farms. This ranged by region from 100% (Arusha) to 89% (Morogoro). Again, there
were no clear statistical regional differences in farmers’ attitudes regarding the impact of
stillbirths, but the 95% CI were wide (e.g., 0.21 to 5.55 for the Njombe region). Lastly, 93% of
all respondents, ranging from 98% (Kilimanjaro and Tanga) to 60% (Njombe), considered
reproductive disease to be a negligible problem on their farms. Respondents in Njombe had
higher odds (OR: 9.95, 95%CI: 1.20–82.8) of considering reproductive diseases as having a
negligible impact on their farms than respondents in Tanga.
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Table 3. Perceived importance of animal infertility cases experienced by smallholder dairy cattle farmers in Tanzania. Data are shown as the number of respondents (%).

Character Category
Regions Total

Tanga Arusha Kilimanjaro Mbeya Morogoro Njombe

Total Respondents n = 52 (18) n = 15 (5) n = 62 (22) OR (95% CI) n = 52 (18) OR (95% CI) n = 55 (19) OR (95% CI) n = 49 (17) OR (95% CI) n = 285(%)

Do you consider infertility a problem on your farm?

Total respondents n = 52 (19) n = 15 (5) n = 62 (22) OR (95% CI) n = 51 (18) OR (95% CI) n = 55 (20) OR (95% CI) n = 45 (16) OR (95% CI) n = 285(%)

Yes 52 (100) 15 (100) 62 (100)
***

51 (98)
***

55 (100)
***

45 (92)
***

280 (98)
No 1 (2) 4 (8) 5 (2)

(If yes), To what extent is infertility a problem on your farm?

Total respondents n = 52 (19) n = 15 (5) n = 62 (22) OR (95% CI) n = 51 (18) OR (95% CI) n = 55 (20) OR (95% CI) n = 45 (16) OR (95% CI) n = 280(%)

Major 28 (54) 8 (53) 25 (40) 26 (51) 32 (58) 14 (31) 133 (48)

Moderate 21 (40) 6 (40) 33 (53) 1.76
(0.82–3.79) 22 (43) 1.13

(0.51–2.52) 17 (31) 0.71
(0.31–1.60) 24 (53) 2.48

(1.05–5.86) 123 (44)

Minor 3 (6) 1 (7) 4 (6) 1.49
(0.30–7.33) 3 (6) 1.08

(0.20–5.82) 6 (11) 1.75
(0.40–7.66) 7 (16) 4.67

(1.04–20.8) 24 (9)

What is the importance of these infertility problems on your farm?
Repeat breeding (b)

Major 48 (92) 14 (93) 50 (81)
0.35

(0.11–1.15)

42 (81)
0.35

(0.10–1.20)

47 (85)
0.49

(1.14–1.74)

33 (67)
0.17

(0.05–0.56)

234 (82)
Moderate 3 (6) 1 (6) 9 (15) 7 (13) 5 (9) 11 (22) 36 (13)

Minor 1 (2) 1 (2) 2 (4) 1 (2) 5 (2)
Not at all 1 (2) 2 (3) 2 (4) 1 (2) 4 (8) 10 (4)

Failure to produce a calf in a year (a)

Major 43 (83) 1 (7) 19 (31)
7.64

(3.2–17.92)

28 (54)
5.48

(2.20–13.7)

3 (5)
38.0

(15.1–95.8)

10 (20)
23.0

(9.03–58.7)

103 (36)
Moderate 7 (13) 14 (93) 41 (66) 12 (23) 30 (55) 22 (45) 126 (44)

Minor 1 (2) 2 (3) 3 (6) 12 (22) 2 (4) 20 (7)
Not at all 1 (2) 9 (17) 10 (18) 12 (31) 36 (12)

Retained foetal membrane (a)

Major 7 (13) 3 (22) 7 (11)
1.39

(0.66–2.92)

17 (33)
0.44

(0.21–0.93)

7 (13)
1.09

(0.52–2.30)

12 (24)
0.44

(0.21–0.91)

53 (19)
Moderate 15 (29) 1 (7) 14 (23) 13 (25) 15 (27) 20 (41) 78 (27)

Minor 10 (19) 4 (27) 13 (21) 8 (15) 9 (16) 4 (8) 48 (17)
Not at all 20 (38) 7 (47) 28 (45) 14 (27) 24 (44) 13 (27) 106 (37)

Dystocia (a)

Major 2 (4) 1 (7) 1 (2)
0.41

(0.14–1.19)

6 (12)
1.35

(0.54–3.34)

2 (4)
0.84

(0.33–2.16)

8 (16)
2.35

(0.98–5.62)

20 (7)
Moderate 9 (17) 5 (8) 7 (13) 8 (15) 10 (20) 39 (14)

Minor 12 (23) 3 (20) 5 (8) 12 (23) 8 (15) 3 (6) 43 (15)
Not at all 29 (56) 11 (73) 51 (82) 27 (52) 37 (67) 28 (57) 183 (64)

Abortion (a)

Major 1 (2) 1 (7) 3 (5)
0.54

(0.20–1.44)

6 (12)
0.43

(0.16–1.20)

5 (9)
0.65

(0.23–1.87)

1 (2)
0.62

(0.22–1.78)

17 (6)
Moderate 6 (12) 1 (7) 11 (18) 7 (13) 5 (9) 9 (18) 39 (14)

Minor 13 (25) 2 (13) 12 (19) 6 (12) 18 (33) 2 (4) 53 (19)
Not at all 32 (62) 11 (73) 36 (58) 33 (63) 27 (49) 37 (76) 176 (62)

Stillbirths (b)

148



Vet. Sci. 2025, 12, 993 15 of 22

Table 3. Cont.

Character Category
Regions Total

Tanga Arusha Kilimanjaro Mbeya Morogoro Njombe

Total Respondents n = 52 (18) n = 15 (5) n = 62 (22) OR (95% CI) n = 52 (18) OR (95% CI) n = 55 (19) OR (95% CI) n = 49 (17) OR (95% CI) n = 285(%)

Major 1 (2)
1.13

(0.24–5.28)

1 (2)
1.74

(0.39–7.68)

1 (2)
2.00

(0.47–8.45)
1.07

(0.21–5.55)

3 (1)
Moderate 2 (4) 4 (6) 4 (8) 5 (9) 3 (6) 18 (6)

Minor 13 (25) 4 (27) 9 (15) 7 (13) 12 (22) 4 (8) 49 (17)
Not at all 36 (69) 11 (73) 49 (79) 40 (77) 37 (67) 42 (86) 215 (75)

Reproductive diseases (b)

Major 1 (2)
0.84

(0.05–13.7)
2.04

(0.18–23.2)

1 (2)
5.10

(0.58–45.2)

2 (4)
9.95

(1.20–82.8)

4 (1)
Moderate 2 (13) 1 (2) 2 (4) 4 (7) 6 (12) 15 (5)

Minor 6 (12) 1 (7) 7 (11) 4 (8) 17 (31) 3 (6) 38 (13)
Not at all 45 (87) 12 (80) 54 (87) 46 (88) 33 (60) 38 (78) 228 (80)

NB: The answer with the highest frequency (with its percentage in brackets) for each region is bolded. OR: odds ratio; CI: confidence interval. ***: Indicates absence of figure for
OR, 95%CI because of lack of or extremely low variabilities in farmers’ responses. Data from Arusha were not included in the analysis. Calculation and interpretation of the OR: For
this analysis, i.e., the effect of region on the extent of experienced infertility cases on farms by smallholder dairy cattle farmers, three categories were created: ‘major’, ‘moderate and
‘negligible’ (merging of ‘minor’ and ‘not at all’). All analyses used ordinal logistic regression (a), except for repeat breeding, reproductive diseases and stillbirth where binomial logistic
regression (b) was used and the categories used were ‘negligible’ against ‘other’ (merging of ‘major’ and ‘moderate’), because one of the categories had less than 5% proportion of the
total, i.e., only 1% of the respondents considered reproductive diseases to have major impact on their farm. OR are odds, compared to Tanga, i.e., Njombe respondents had higher odds
(OR: 9.95, 95%CI: 1.20–82.8) of regarding stillbirths as having a negligible impact on their farms compared to those in Tanga and relative to ‘other’ (major or moderate). OR values in bold
are those where 95%CI excludes 1.
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3.4. Farmers’ Practices Regarding Dairy Cattle Infertility

Farmers’ practices were evaluated by allowing them to select from predefined options
regarding the actions they take once they have an infertile animal on their farms (Table 4).
To evaluate regional differences in farmers’ practices, three categories were made: (i) ‘agree’
(combining strongly agree and agree), (ii) ‘neutral’ and (iii) ‘disagree’ (merging disagree
and strongly disagree), with that order being used for an ordinal regression.

Table 4. Practices of the smallholder dairy cattle farmers in Tanzania when they encounter infertile
cattle on their farm. Data are shown as the number of respondents (%).

Character Category
Regions Total

Tanga Arusha Kilimanjaro Mbeya Morogoro Njombe

Total Respondents n = 52
(18) n = 15 (5) n = 62

(22)
OR

(95% CI)
n = 52

(18)
OR

(95% CI)
n = 55

(19)
OR

(95% CI)
n = 49

(17)
OR

(95% CI)
n =

285(%)

What do you do when you have an infertile cow on your farm?

Report to the veterinary service provider
Strongly agree 20 (38) 4 (27) 12 (19)

***

28 (54) 20 (36)

***

37 (71) 121 (42)
Agree 32 (62) 10 (67) 48 (77) 19 (37) 31 (56) 9 (17) 149 (52)

Neutral 1 (7) 1 (2) 1 (2) *** 4 (7) 2 (4) *** 9 (3)
Disagree 1 (2) 4 (8) 3 (6) 8 (3)

Strongly disagree 1 (2) 1 (0.3)

Slaughter the animal
Strongly agree 4 (8) 4 (27) 13 (21)

0.16
(0.07–
0.39)

4 (8)
0.98

(0.47–
2.03)

15 (27)
0.04

(0.01–
0.17)

16 (31)
0.87

(0.41–
1.84)

56 (19)
Agree 21 (40) 10 (67) 40 (65) 23 (44) 38 (69) 13 (25) 145 (50)

Neutral 10 (19) 1 (7) 6 (10) 6 (12) 5 (10) 28 (10)
Disagree 16 (31) 3 (5) 19 (37) 2 (4) 17 (33) 57 (20)

Strongly disagree 1 (2) 1 (2) 2 (1)

Sell to other farmers
Strongly agree

0.72
(0.35–
1.48)

1 (2)
0.56

(0.26–
1.21)

0.80
(0.38–
1.67)

3 (6)
0.60

(0.24–
1.50)

4 (1)
Agree 10 (19) 3 (20) 13 (21) 16 (31) 9 (16) 11 (21) 62 (22)

Neutral 9 (17) 16 (26) 8 (15) 16 (29) 5 (10) 54 (19)
Disagree 30 (58) 12 (80) 33 (53) 27 (52) 29 (53) 23 (44) 154 (53)

Strongly disagree 3 (6) 1 (2) 10 (19) 14 (5)

Treat the animal by myself
Strongly agree 1 (7) 1 (2) 2 (4) 1 (2) 2 (4) 7 (2)

Agree 6 (12) 3 (20) 5 (8) 1.22
(0.43–
3.51)

6 (12) 0.85
(0.30–
2.40)

8 (15) 0.80
(0.29–
2.20)

11 (21) 0.45
(0.17–
1.15)

39 (14)
Neutral 2 (4) 2 (3) 1 (2) 1 (2) 1 (2) 7 (2)

Disagree 37 (71) 11 (73) 52 (84) 41 (79) 38 (69) 29 (56) 208 (72)
Strongly disagree 7 (13) 2 (3) 2 (4) 7 (13) 9 (17) 27 (9)

NB: The answer with the highest frequency (with its percentage in brackets) for each region is bolded. OR: odds
ratio; CI: confidence interval. Data from Arusha were not included in the analysis. ***: Indicates absence of
figure for OR, 95%CI because of lack of or extremely low variabilities in farmers’ responses. Calculation and
interpretation of the OR: For this analysis, three categories were made: ‘agree’ (combining strongly agree and
agree), ‘neutral’ and ‘disagree’ (combining disagree and strongly disagree). Analyses were performed using
ordinal logistic regression with agree being the highest category and disagree the lowest. OR are odds ratios
compared to Tanga, e.g., Morogoro respondents had lower odds (OR: 0.04, 95%CI: 0.01–0.17) of being in a lower
category than respondents in Tanga, regarding the use of animal slaughter to manage infertility. OR values in
bold are those where 95%CI excludes 1.

Almost all farmers (94%), ranging from 100% (Tanga) to 88% (Njombe), reported
consulting a veterinary service provider whenever they encountered an infertility case on
their farms. Sixty-nine % of all respondents, ranging from 96% (Morogoro) to 48% (Tanga)
agreed that animal slaughter was the best way to manage infertility. Compared to farmers in
Tanga, farmers in Morogoro had higher odds of using slaughter to manage fertility (odds
of being in a lower category (i.e., disagree (rather than agree/neutral) or disagree/neutral
vs. agree) OR: 0.04, 95%CI: 0.01–0.17). Most farmers (58%), ranging from 80% (Arusha)
to 52% (Mbeya), disagreed with the practice of selling an infertile animal to another farmer.
No clear regional differences were identified concerning this practice. An even higher
proportion of farmers (81%), ranging across the regions from 87% (Kilimanjaro) to 73%
(Arusha and Njombe), disagreed with the practice of self-treating an infertile animal on their
farm. However, no clear differences were noted across the region, but there was a wide
95% CI (Table 4).
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In response to the question, “Have you ever managed infertility using traditional methods?”
only eighteen farmers across the regions reported using traditional methods to address
infertility. However, of those 18, 13 were in Njombe. Repeat breeding, RFM, and dystocia
were among the conditions reported to be traditionally managed by smallholder dairy
cattle farmers. One example of such is the extraction of the corner incisor teeth (Figure 5)
as a “treatment” of a repeat breeder cow/heifer, which was practised by 13 farmers from
the Njombe region. Other reported treatments included using natural herbs and receiving
assistance from traditional healers.

 

Figure 5. An animal without corner incisor teeth (removed as a management practice for repeat
breeding) was observed in the Njombe region, Tanzania.

4. Discussion
Infertility creates a substantial obstacle to improving the productivity and sustainabil-

ity of smallholder dairy cattle farming in many developing countries, including Tanzania.
The occurrence of infertility and other constraints to smallholder dairy farming arises
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from the combination of numerous factors, of which the KAPs of farmers are key [22,23].
Comprehensive knowledge of the KAPs of smallholder dairy cattle farmers concerning
infertility is therefore a valuable start towards developing specific interventions to improve
herd management, fertility and productivity (especially milk yield). Gathering these data
requires acknowledging that smallholder dairy farming in Tanzania mostly operates under
traditional practices, with limited access to modern veterinary services and education on
fertility management.

Most of the farmers correctly understood what the signs of infertility were, with
the majority correctly answering at least 7 of the questions (Table 1); however, there was
significant farmer-to-farmer variation, with the lowest farmer only having 2/10 questions
correct. Over 80% of the smallholder dairy cattle farmers across the regions were able
to identify conditions like repeat breeding, abortion, retained foetal membranes (RFM)
and purulent vulval discharge as indicators of infertility. However, a significant minority
(34%) of farmers did not agree (or were uncertain) that an inability to produce a calf per
year constituted infertility. This belief was highest among respondents from the Morogoro
and Kilimanjaro regions, where farmers appear to prioritise milk yield and strategically
manage calving intervals to meet specific farming or market objectives. Farmers can
extend the lactation period by delaying insemination beyond 60–90 days postpartum,
maximising milk production and potentially taking advantage of the higher milk prices
during particular seasons. This intentional practice of producing calves less frequently than
once yearly reflects a trade-off between reproductive efficiency and economic gains from
milk production.

There was a clear effect of region on farmer recognition of the signs of infertility, with
farmers from the Morogoro and Kilimanjaro regions appearing to be better informed than
those from other regions, whilst Njombe farmers had the poorest levels of knowledge
(Table 2). It is interesting to consider the extent to which this pattern reflects the education
levels of the participants across regions; the majority of respondents from the Mbeya (66%)
and Njombe (63%) regions had only primary education, while 68% and 46%, respectively, of
farmers from Morogoro and Kilimanjaro had formal education beyond primary school [17].
This difference in education may be related to the Kilimanjaro region having the highest
number of secondary schools of any of the regions in this study [24] and the location
in Morogoro of Sokoine University of Agriculture (the only agricultural university in
Tanzania). However, this study did not evaluate the association between the education
level of the farmer and the availability of schools or universities. A previous study on the
effect of education on production efficiency found a strong positive association in Asia and
less in Latin America [25].

The causes of infertility that were highlighted by the majority of farmers as important
on their farms were poor nutrition and housing, livestock disease, improper farm record
keeping, poor oestrus detection and uterine infections, all of which have been highlighted
as important by previous studies in both Tanzania [26] and in other similar systems outside
of Tanzania, e.g., in Malawi: Banda, Kamwanja, Chagunda, Ashworth and Roberts [16].
The other infertility causes listed in Table 3 were seen as less important by our respondents.
However, as the focus of this question was to ask the farmers their opinion on what was
causing infertility on their farm, for most causes identified as less important, we do not
know whether they were unimportant or whether they were important but were missed
by our respondents. For example, embryo/foetal mortality can be difficult to recognise,
especially when pregnancy diagnosis is uncommon, and can be a difficult concept for
uneducated farmers to understand, so it may play a larger role in Tanzanian dairy infertility
than suggested by this survey.
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Most farmers across the regions regarded infertility as a significant (moderate to major)
constraint on their farming; indeed, in most regions except for Njombe and Kilimanjaro,
infertility was a major concern to the majority of farmers. Across all regions, repeat breeding
was seen as an extremely important form of infertility. The perceived importance of repeat
breeding is likely related to the ease of diagnosis (and its non-complex nature), with farmers
directly observing cows repeatedly coming into oestrus without conceiving and recognising
the instant economic losses from repeated breeding expenses.

There were significant differences across regions in opinions on the impact of failing
to produce a calf annually. Across all respondents, 63% thought that failure to produce a
calf annually had a moderate or smaller impact on farming. However, in the Tanga and
Mbeya regions, failure to produce a calf annually was considered to have a major impact
by 83% and 54% of respondents, respectively. This large difference across regions does not
align with the underlying scientific consensus that the ideal calving interval for most cows
is approximately 12 to 13 months [27], but rather likely reflects varying market conditions.
In the Tanga and Mbeya regions, farmers’ cooperatives like CHAWAMU (Tanga) and
UTAMBUZI (Mbeya) provide a year-round milk market, where there is limited seasonal
variation in milk price. In this situation, it is clear that calving cows as frequently as feasible
optimises milk production and milk income. Conversely, farmers in other regions (e.g.,
Morogoro) have highly seasonal pricing [28], with high prices and willing buyers in the
dry season, compared to lower prices and production above demand during the rainy
season [29] and thus smallholders can be tempted to alter breeding to target those prices.
However, maximising milk production during the dry season poses greater challenges for
farmers due to feed and water scarcity [28,30,31], which results in poorer fertility and a
further increase in calving interval. Another study on beef reported that a calving date
should consider not only the quantity but also the quality of the available feed [32].

Farmers’ perception of the importance of different infertility conditions is likely to
depend on how often they observe these conditions. For example, most farmers would
encounter cows that need multiple inseminations to become pregnant (i.e., returns to
oestrus), so it is not surprising that they ascribe to it a high level of significance, although
other forms of infertility (i.e., abortion, stillbirth, RFM) have a much greater impact on
the productivity of the individual animal [33–35]. In other words, because of the lower
frequency (compared to repeat breeding) of these latter forms of infertility, farmers tend
to underestimate their impact. However, their occurrence not only impacts farmers in
terms of costs associated with veterinary services but also affects the animals by reducing
production [36,37] and shortening overall lifetime productivity [38,39]. For example, in
Tanzania, a study by Kashoma and Ngou [40] showed that RFM causes a significant
economic loss (i.e., 364,133.00 Tanzanian shillings (157.00 USD) per cow, reduced milk
production (95.4%) and treatment costs (4.6%)). On top of these losses to the farmer, RFM
leaves the animal sub-fertile even after successful treatment and recovery. Similarly, in
developed countries, RFM has been reported to reduce milk sales and an overall reduction
in animal fertility [41,42].

Farmers in this survey generally seemed to recognise the value of veterinary services,
with 94% reporting that they would consult a veterinary service provider when facing
any form of infertility on their farm, and 81% disagreeing with the practice of self-treating
their infertile animals. Nonetheless, a minority of farmers continue to practice traditional
methods of managing infertility, with 25% (13/49) of farmers from Njombe still extracting
incisor teeth as a means of managing repeat breeding (Figure 5). This continued use of
traditional methods suggests that there may be issues around the adequate provision of
effective veterinary services, especially as the respondents knew that the first author (who
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was conducting the questionnaire) was a veterinarian and may have been reluctant to be
negative about the role of veterinarians in managing infertility.

There was variation across respondents in how to manage persistently infertile animals.
The majority (69%) supported the idea of culling infertile animals, consistent with infertility
being an important cause of involuntary culling in East Africa [43]. However, 23% of all
respondents supported selling infertile animals to other farmers. Respondents stated that
they sold such animals to other regions or urban areas, particularly Dar es Salaam.

Furthermore, the main limitation of this study is its reliance on self-reported data;
however, in the present study, we employed a guided interview as a strategy to overcome
this limitation. We acknowledge that the use of selected regions in this study can limit the
generalisation of our findings; nonetheless, these findings lay a good foundation for future
research on infertility in smallholder dairy cattle farming in Tanzania.

5. Conclusions
The main objective of this study was to identify the knowledge gaps of smallholder

dairy cattle farmers in Tanzania (i.e., via evaluation of farmers’ KAPs on infertility) and
thus provide insights to improve fertility and productivity on such farms. There was
marked variation in knowledge of the signs of infertility across regions, which may reflect
the level of farmer education, but across regions, there was general agreement that repeat
breeding was the most important infertility problem, and that nutrition/housing and
disease were the main underlying causes of infertility. These results underscore the need
for targeted, region-specific strategies to improve reproductive outcomes and highlight
the importance of further qualitative studies to better understand regional differences.
Furthermore, they also show that there is a need for improved education and outreach
programmes to address farmers’ knowledge gaps and thereby enhance their capacity to
manage and prevent infertility on their dairy farms.
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Chapter Five: A cross-sectional study of reproductive performance of improved dairy cattle 

under smallholder dairy farming in Tanzania 

 

Foreword: This chapter covers the evaluation of farm records from the 322 smallholder 

dairy cattle farms to establish the measure of reproductive performance, alongside the 

determination of the records and reproductive status (pregnancy diagnosis) of 1279 cattle 

by employing rectal scanning using ultrasound.  Also, the chapter proposes the best way to 

determine reproductive performance under smallholder dairying in Tanzania. As for 

chapters three and four, this study was also conducted among smallholder dairy cattle 

farmers across the thirteen districts from the six key dairy farming regions of the Tanzanian 

mainland. Furthermore, this study has been submitted for publication in the Tropical Animal 

Health and Production Journal. In this thesis, the manuscript has been presented in the 

journal format and style.  
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Abstract 28 

A large-scale study of dairy herds was conducted to understand the variation in 29 

reproductive performance of smallholder dairy cattle across Tanzania's regions and to identify 30 

the most effective method for evaluating reproductive performance on such farms. Data were 31 

collected from 322 farms across six regions of Tanzania, with a total of 1279 cattle being 32 

examined for pregnancy status using transrectal ultrasound. Additional data were gathered on 33 

key reproductive performance indicators, including calving to first service interval (data 34 

available for 595 of the 1279 pregnancy tested cows; 47%), first service to conception interval 35 

(492/1279; 38%), calving to conception interval (313/1279; 24%), and inter-calving interval 36 

(424/1279; 33%). Over the entire study population, pregnancy was detected in 586/1279 (46%) 37 

cattle, with the highest and lowest proportions recorded in the Mbeya (55%) and Tanga (37%) 38 

regions, respectively. Of the pregnant cattle, 76% were cows and 24% were heifers. Morogoro 39 

had the highest proportion of pregnant cows (53% of cows in the region), while Mbeya led in 40 

the proportion of pregnant heifers (83% of heifers in the region). Considering the difficulties 41 

in maintaining proper records, especially those related to calving and breeding, the most 42 

accurate way to determine reproductive performance in smallholder dairy farming is by 43 

employing a direct pregnancy diagnosis, which provides a more precise and current assessment 44 

of the herd's reproductive performance. To improve reproductive outcomes, strengthening 45 

record-keeping systems is essential, and more personnel should be trained in the use of 46 

ultrasound for pregnancy diagnosis.  47 

Keywords: Smallholder dairy cattle farmers, reproductive performance, farm records keeping, 48 

pregnancy diagnosis  49 

 50 

 51 

 52 
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1. Introduction 53 

Nearly all milk produced in Tanzania originates from smallholder dairy farms, which 54 

typically operate under low-technology, low-input and low-output systems (Brett, 2019). As a 55 

result, despite Tanzania possessing the second-largest cattle herd in Africa (World_Bank, 56 

2024), the country still faces a substantial milk deficit of nearly 9 billion litres (Kolumbia, 57 

2024; MLF, 2024). This shortfall highlights the pressing need to boost the productivity of 58 

Tanzanian cattle, particularly those managed by smallholder farmers. One key constraint on 59 

smallholder dairy farms is their poor reproductive performance, which markedly reduces milk 60 

production, longevity, and lifetime productivity, while increasing involuntary culling and 61 

production costs (Shalloo et al., 2014). Furthermore, it results in significant non-monetary costs 62 

such as reduced food security within the community, increased poverty, and reduced social 63 

status (Banda & Tanganyika, 2021). The loss of these non-monetary benefits is particularly 64 

crucial in regions such as sub-Saharan Africa, where the economic value of livestock is often 65 

exceeded by its social value (Chisoni et al., 2025). Improving reproductive performance on 66 

Tanzanian dairy farms is thus likely to have significant benefits for smallholder dairy farmers 67 

and their communities. 68 

To develop a programme for improving reproductive performance, we need to have a 69 

baseline against which we can judge the impact of any changes. Recent information on the 70 

reproductive performance of smallholder dairy cattle in Tanzania is scarce (Allan et al., 2024). 71 

Furthermore, even the older published data that we have is limited in extent, focusing on 72 

reproductive performance in only 1 to 3 districts across Tanzania (Mdoe, 1993; Kanuya et al., 73 

2000; Msanga et al., 2000; Lyimo et al., 2004; Swai et al., 2005b; Allan et al., 2024). Thus, we 74 

need up-to-date information on reproductive performance on smallholder dairy farms from the 75 

key dairying regions across Tanzania to provide a usable baseline for future programmes. Such 76 

information will also help to identify any differences in reproductive performance across 77 

161



 

 

regions, thereby supporting the assessment of whether region-specific targets and programs are 78 

necessary. Additionally, we need to identify the most effective method for measuring 79 

reproductive performance on Tanzanian smallholder dairy farms.  80 

The present study was therefore designed to measure the reproductive performance of 81 

dairy cattle in smallholder dairy farming systems across Tanzania. It focused on (i) the 82 

evaluation of available farm records, and (ii) the reproductive examination of individual 83 

animals to establish their pregnancy status. Based on these data, the study proposed ways to 84 

enhance dairy cattle reproductive performance on smallholder properties.   85 

2. Methodology 86 

This survey was conducted simultaneously with the study described by Ngou et al. 87 

(2025). A brief outline of the methodology is included here. 88 

2.1. Ethical considerations and approval  89 

This research was approved by the Ministry of Livestock and Fisheries through the Ethics 90 

Review Board of the Tanzania Livestock Research Institute (TALIRI) (reference number 91 

TLRI/RCC.21/007). Informed written consent was obtained before data collection, and the 92 

results were anonymised.  93 

2.2. Study area, study farms and study animals’ selection 94 

This cross-sectional study was conducted between May 2022 and February 2023 in six 95 

regions of Tanzania (See Figure 1). Within each region, convenience sampling was utilised to 96 

identify study villages and the first study farm in each village. Snowball sampling was 97 

subsequently employed to select additional study farms in that village. All farmers who 98 

participated in the survey of reproductive knowledge were also included in this study of 99 

reproductive performance. However, during the farm selection process for the survey, some 100 
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farms identified through snowball sampling did not have someone available who was capable 101 

of responding to the questionnaire and were thus excluded from the survey of reproductive 102 

knowledge. On such farms, if the farm records were of sufficiently high quality, all cows 103 

eligible for pregnancy diagnosis were examined, and the data were included in this study of 104 

reproductive performance.  105 

 106 
Figure 1. Map of Tanzania showing study regions and districts: Southern Highland regions, 107 
Northern Highland regions and Morogoro. NB: CC - City council, DC - District  108 

2.3. Field data collection 109 

 Upon arrival at the farm, a local veterinarian or livestock officer introduced the author 110 

to the farmer/respondent (usually the family head).  Then, the farmer was asked to prepare and 111 

provide all reproduction-related farm and individual animal records so that the author could 112 
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review them. Data collection was conducted by the author, with the assistance of the local 113 

veterinarian and livestock officer.  114 

 On each farm, individual data were collected from all mature female cattle (i.e. all cows 115 

that had calved at least once and all heifers considered by the farmer or owner to be mature 116 

enough for breeding). Records collected included animal identity, breeding and calving date(s), 117 

and parity. Where date information was absent, the author directly asked the farmer about the 118 

missing information, using associated events such as religious observances (e.g. Eid and 119 

Christmas), other school and public holidays, and the presence of any visitors at the time of 120 

mating/calving, to help remind the farmer when an event had occurred.  Alongside these 121 

records, measurements were made of body condition score (BCS; 1 to 5 scale; Wildman et al. 122 

(1982), body weight (heart girth measurements using a Rondo measuring tape) and pregnancy 123 

status. Pregnancy status was determined using transrectal ultrasonography (Veterinary 124 

Ultrasound scanner - CD66V, Wuhan Darppon Medical Technology, China). All records, 125 

whether recorded or provided by the farmer, were further cross-checked during the pregnancy 126 

examination of the individual cows. For example, if the service date did not match the estimated 127 

gestational age, the farmer was questioned to obtain more accurate information. To some farms, 128 

the estimated gestational age was used to remind farmers of the service date or when a farmer 129 

wanted to know the expected calving month. 130 

2.4. Definition of reproductive parameters 131 

The following measures of reproductive performance were calculated from the farm and 132 

individual animal records/farmer recollections. The definitions were adopted from Noakes 133 

(1997) and  Hudson et al. (2018) with slight modifications to suit the focus of the present study.  134 

i. Inter-calving interval (ICI):  interval between successive calvings;  135 
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ii. Calving to first service interval (CFSI): number of days from the most recent calving to 136 

the date of the farmer's first recorded (or remembered) insemination of the cow after that 137 

calving;  138 

iii. The calving-to-conception interval (CCI): number of days from the most recent calving 139 

to the service that had resulted in the pregnancy detected by transrectal ultrasonography. 140 

This was usually the last recorded (remembered) service (Artificial insemination (AI) or 141 

natural), but this could be altered if the dates did not match the gestational age; 142 

iv. First service to conception interval (FSCI): number of days between the first recorded 143 

(or remembered) service and the service that was identified as resulting in pregnancy; 144 

v. Pregnancy status (pregnant or non-pregnant) at the time of farm assessment. Cows that 145 

were not detected as pregnant at the visit, but which had been inseminated within the 146 

past 28 days, were re-examined, if possible, when 28 days had passed. If re-examination 147 

was not possible, the cow was recorded as not pregnant; and  148 

vi. The voluntary waiting period (VWP): number of days allowed by the farmer between a 149 

cow calving and attempting to breed her again.  150 

2.5. Data management  151 

Data were entered into an Excel spreadsheet (Microsoft, Seattle, USA). Results were 152 

tabulated and presented as overall results and by region. Descriptive statistics (mean (95% 153 

confidence interval (CI)) and median with range) were calculated overall and for each region.  154 

The effect of region on VWP, ICI, pregnancy status and CCI was then analysed. For the VWP, 155 

a generalised linear model with VWP as an ordinal outcome and region as the predictor variable 156 

was used. For ICI, a generalised estimating equation model was used with log10 ICI as the 157 

linear outcome variable, farm as the subject variable, cowID as the within-subject variable and 158 

region as the predictor variable. For pregnancy status, a generalised estimating equation model 159 

was used with pregnancy status (yes/no) as the binomial outcome variable, farm as the subject 160 
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variable, cow identification (ID) as the within-subject variable and region as the predictor 161 

variable.  For CCI, the data were analysed using a mixed-effects Cox regression, with farm as 162 

the random effect and region as a fixed effect. The association between VWP and CCI was 163 

analysed using a linear model with the natural log average CCI for a farm and a farm’s reported 164 

CCI as predictor variables. All analyses were undertaken using SPSS version 29, except for the 165 

mixed-effect Cox regression, which was analysed using R-Studio.  166 

3. Results 167 

Most of the surveyed farmers maintained their farm and animal records using basic and 168 

easily accessible methods, for example, noting them down on paper or, in some cases, writing 169 

directly on walls. While these practices were common, inconsistencies and missing records 170 

were frequently encountered; for instance, over 50% of animals had only one recorded service 171 

date, typically the last one that resulted in pregnancy, suggesting that earlier services were often 172 

not documented by the farmers. This has limited the ease and completeness of data retrieval 173 

during the data collection. 174 

3.1. Number of farms and animals involved in the study  175 

Reproductive performance data were collected from 322 farms across the six regions, 176 

with 1279 female cattle examined across all farms (see Table 1).  177 

Table 1. The number of regions, districts, farms and animals visited during a cross-sectional 178 
study on smallholder dairy cattle reproductive performance in Tanzania. 179 

Regions visited Farms visited per region (%*) Animals examined per region (%*) 

Arusha 16 (5) 43 (3) 

Kilimanjaro 65 (20) 219 (17) 

Mbeya 69 (21) 217 (17) 

Morogoro 60 (19) 279 (22) 

Njombe 56 (17) 139 (11) 

Tanga 56 (17) 382 (30) 

Total 322 (100) 1279 (100) 

Key: *percentage of total farms or cattle 180 

 181 
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Table 2 summarises, by region, the measures collected from farms and the number of 182 

cows for which data were available. The Table also illustrates the proportion of eligible cows 183 

assessed for each production and reproductive parameter in smallholder dairy farms. For the 184 

reproductive performance parameters, the proportion of cows with data available to calculate 185 

that parameter ranged from 100% for pregnancy status (as all eligible cows were pregnancy-186 

tested) to 24% for CCI. 187 

Table 2. Number of cattle pregnancies tested per region, and number of cattle for which age, milk 188 
production and reproductive performance parameters were available. 189 

Region Parameter 
 Pregnancy test Parity Milk production CFSI FSCI ICI CCI Total 

Arusha 43 29/43 26/43 22/43 14/43 17/43 10/43 43 

Kilimanjaro 219 169/219 160/219 107/219 93/219 72/219 58/219 219 

Mbeya 217 106/217 119/217 76/217 110/217 67/217 44/217 217 

Morogoro 279 202/279 200/279 114/279 119/279 78/279 75/279 279 

Njombe 139 106/139 92/139 73/139 59/139 39/139 39/139 139 

Tanga 382 316/382 245/382 203/382 97/382 151/382 87/382 382 

Total 1279 928 841 595 492 424 313 1279 

% Total 100 73 66 47 38 33 24  

Key: CFSI: Calving to first service interval, FSCI: First service to conception interval, ICI: 190 
Inter-calving interval, CCI: Calving to conception interval 191 

 192 

3.2. Physical and productive traits of smallholder dairy cattle  193 

The physical traits of the pregnancy-tested smallholder dairy cattle are shown in Table 3 194 

and Figure 2. The overall median body weight was 344 kg (ranging from 150 to 650 kg), while 195 

their overall median BCS was 3 (range 1.5 to 4.5). 196 

Table 3. Regional distribution of body weight and body condition score in smallholder dairy 197 
cattle in six regions of Tanzania. 198 

Region n (% of total cattle) Mean Median (minimum - maximum) 

Body weight (kg) 

Arusha 43 (3) 340 350 (180-500) 

Kilimanjaro 219 (17) 356 350 (150-510) 

Mbeya 217 (17) 344 337 (192-562) 

Morogoro 279 (22) 335 350 (175-475) 

Njombe 139 (11) 335 333 (192-506) 

Tanga 382 (30) 354 344 (192-650) 

Overall 1279 (100) 346 344 (150-650) 

Body condition score (1-5) 

Arusha 43 (3) 3 3 (2.5-4) 

Kilimanjaro 219 (17) 3 3 (2-4) 

Mbeya 217 (17) 3 3 (1.5-4) 

Morogoro 279 (22) 3 3 (1.5-4) 

Njombe 139 (11) 2.9 3 (1.5-4.5) 

Tanga 382 (30) 3.1 3 (1.5-4) 

Overall 1279 (100) 3 3 (1.5-4.5) 

Note: Body condition scoring as per Wildman et al. (1982). 199 
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 200 
Figure 2. Distribution of body condition score (BCS) (scale 1 to 5) (Wildman et al., 1982) for 201 
cows in smallholder dairy farms in 6 regions of Tanzania. The boxplots display the distribution 202 
of BCS across regions, where the central box represents the middle 50% of the data, and the 203 
line (black) inside shows the median; whiskers extend to the minimum and maximum values, 204 
and asterisks represent outliers. 205 
 206 

Table 4 includes information on parity and milk yield. Across the study regions, overall 207 

median parity (for lactating cows or cows that were known to have been lactating) was 2 208 

(ranging from 1 to 12). Seven per cent of the cows in the current study had no records of parity. 209 

This was primarily due to cows being purchased without prior reproductive history; other 210 

reasons included poor record keeping practices and cows being purchased from informal 211 

sources. The percentage of adult cows with no parity records varied across regions, ranging 212 

from 0% (Tanga and Arusha) to 22% (Mbeya). Across all regions, 20% of the pregnancy-tested 213 

cattle were heifers (zero parity), ranging from 15% (Morogoro) to 33% (Arusha). Milk yield 214 

records were available for 841 cows, with 14% of eligible cows (excluding heifers) having no 215 

information on milk yield. Overall, the median reported milk yield was 12 L/day (ranging from 216 
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2 to 35 L/day). Regionally, median reported milk yield ranged from 11 L/cow/day (Tanga) to 217 

15 L/cow/day (Arusha and Njombe). 218 

Table 4. Regional distribution of parity and milk yield among smallholder dairy cattle in 219 
Tanzania. 220 

Region 

Cows with available 

records 

(% of all cows 

examined)  

Mean 
Median 

(minimum-maximum) 

Heifers 

(% of all cattle in 

region) 

Parity 

Arusha 29 (100) 3 2 (1-7) 14 (33) 

Kilimanjaro 169 (99) 2.6 2 (1-10) 48 (22) 

Mbeya 106 (78) 2.8 2 (1-12) 63 (29) 

Morogoro 202 (87) 2.3 2 (1-7) 41 (15) 

Njombe 106 (96) 2.6 2 (1-11) 28 (20) 

Tanga 316 (100) 2.8 2 (1-10) 64 (17) 

Overall 928 (93) 2.6 2 (1-12) 258 (20) 

Milk yield (L/day) 

Arusha 26 (93) 14.6 12 (8-30)  

Kilimanjaro 160 (95) 13.1 12 (2-30)  

Mbeya 119 (84) 13.5 14 (2-28)  

Morogoro 200 (86) 12.1 12 (4-35)  

Njombe 92 (86) 14.7 15 (6-24)  

Tanga 244 (81) 11.3 10 (3-34)  

Overall 841 (86) 12.6 12 (2-35)  

 221 
3.3. Measurement of reproductive performance  222 

Reproductive parameters are reported in Tables 5 and 6. Median herd VWP was 90 days 223 

(range 35 to 360). Compared to the Tanga region, only farms in the Mbeya region had lower 224 

odds (Odds ratio (OR): 0.22, 95% CI: 0.11-0.43) of having a longer herd VWP, with the rest 225 

of the regions having higher odds of having a longer VWP.  226 

Calving to conception interval data were available for 313 cattle (i.e. of the examined 227 

cattle, 313 were pregnant and had a known previous calving date). The overall median value 228 

was 189 days (ranging from 38 to 1548 days) (see Figure 3). For the analysis of the effect of 229 

region on CCI, data were added for an additional 516 cows, which were non-pregnant but had 230 

a known previous calving date. For these cows, their data were censored at the interval between 231 

calving and the date of the pregnancy examination (i.e. these cows had not yet conceived by 232 
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the time of pregnancy examination; therefore, their true time to conception was unknown and 233 

only known to be at least as long as the interval observed – that is date of pregnancy 234 

examination). Across the regions, only animals from the Njombe region had a clearly higher 235 

hazard of pregnancy (i.e. 95% CI of the hazard ratio (HR) did not include 1) than cows from 236 

the Tanga region (HR: 2.86, 95% CI: 1.4-5.85).  Meaning that cows from the Njombe region 237 

were more likely to become pregnant sooner (or faster) than those in the Tanga region. For the 238 

other four regions our data were compatible with both a higher and a lower hazard of pregnancy 239 

than cows in the Tanga region (see Table 5), although for cows in Kilimanjaro our data did 240 

exclude a biologically important increase in the hazard of pregnancy compared to cows in 241 

Tanga (upper limit of 95% CI for HR was 1.07). 242 

A total of 178 farms reported a VWP and had at least one cow with a CCI (known last 243 

calving date and pregnant). The comparison of a farm’s VWP and its average CCI identified 244 

that a longer VWP increased average CCI, with a 10-day increase in VWP increasing average 245 

CCI by 1.02 (95% CI 1.01 to 1.04) times, with the model predicting that, for a farm with a 246 

VWP of 50 days, expected average CCI would be 187 days and for a farm with a VWP of 125 247 

days, expected average CCI would be 217 days (390 days longer). The model also identified 248 

that a farm’s VWP accounted for only 4% of the variance in farm average CCI. 249 

The ICI data were available for 424 cows. Across all regions, the median ICI was 468 250 

days (range 283-1531 days). Table 5 presents the difference in the estimated marginal means 251 

(95% CI) between a region and Tanga in ICI (differences and ICI are back transformed from 252 

the log10 estimated marginal means). Across the regions, cows in both had longer back-253 

transformed mean ICI than cows in Tanga; the mean difference was 141.2 days (95% CI: 72.6-254 

234.7) for Kilimanjaro and 99.1 days (95% CI: 47.3-141.2) for Morogoro. For the remaining 255 

regions, our data were compatible with both a longer and a shorter ICI than in Tanga. However, 256 
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for Njombe, our data suggest that the mean ICI is unlikely to be much higher than in Tanga 257 

(upper 95% CI 11.4 days longer).     258 

 259 
Figure 3. The boxplots display the distribution of CCI (in days) across regions, where the 260 
central box represents the middle 50% of the data, and the line (black) inside shows the median; 261 
whiskers extend to the minimum and maximum values, and asterisks represent outliers. 262 
Note: CCI stands for calving to conception interval; the green line represents the standard CCI, 263 
i.e., 85 days post-calving, while the red line represents the mean CCI, i.e., 268 days. 264 
 265 

First service to conception interval (FSCI)was evaluated in 492 animals. Across all cows, 266 

FSCI ranged from 0 to 477 days, with 359/492 (73%) of cows having a FSCI of 0. This means 267 

that, among the cows with FSCI, 73% became pregnant within that first service. This is 268 

extremely unlikely, especially in tropical conditions, as monitored first service conception rates 269 

generally vary between 25 and 50% (Kanuya et al., 2014; Tadesse et al., 2022). These data thus 270 

suggest that farmers were remembering their most recent service rather than the first service. 271 

No further analysis was undertaken. 272 
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Overall median CFSI was 166 days (range 28 to 1822 days) (see Figure 4), with 25% of 273 

cows having CFSI of 303 days or more. The median and the upper quartile are much longer 274 

than the median VWP, again suggesting that farmers are reporting their most recent 275 

insemination rather than the first one. No further analysis was thus undertaken.  276 

Pregnancy status was established for 1279 cattle. Of these, 588 (46%) were found to be 277 

pregnant, of which 443 (76%) were cows and 143 (24%) were heifers (see Table 6). The 278 

pregnancy rate in the heifers alone was 143/258 (55%), whereas the pregnancy rate in the cows 279 

that had calved at least once was 443/1021 (43%). Thus, across all regions, the relative risk of 280 

a heifer being pregnant was 1.3 (95% CI: 1.1 to 1.5) times higher than that of a cow that had 281 

calved at least once. Across the regions, the odds of any eligible female cattle being pregnant 282 

were clearly higher in Mbeya (OR: 2.07, 95% CI: 1.47-2.9), Morogoro (OR: 1.81, 95% CI: 283 

1.32-2.47) and Njombe (OR: 1.56, 95% CI: 1.05-2.3) than in Tanga.  For the other regions, 284 

there were too few cows examined in Arusha to accurately determine the likely difference in 285 

odds of being pregnant compared to Tanga. In contrast, for Kilimanjaro, our data were 286 

consistent, with results ranging from a marked increase in odds of pregnancy to effectively no 287 

biologically important difference in odds. Much of the difference between regions in pregnancy 288 

status seemed to be driven by the reproductive performance of heifers. In adult cows alone, 289 

only Morogoro had a clear difference in odds of pregnancy compared to Tanga (OR 1.71; 95% 290 

CI 1.22-2.4), whereas for heifers, all regions (except for Arusha) had OR whose 95% CI did 291 

not include 1 (Table 6). For all regions except Morogoro and Tanga, the raw proportion of 292 

pregnant animals was higher in heifers than in cows, and for all regions except Morogoro, the 293 

difference in proportion of cows and heifers that were pregnant was ≥9%. The largest 294 

difference was seen in Mbeya, where the proportion of pregnant heifers was 34% (95% CI 25.4 295 

-49.5%) higher than the proportion of pregnant cows.  296 
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For adult cows only, the odds of a cow being pregnant were higher (OR: 1.71, 1.22-2.4) 297 

in Morogoro than in the Tanga region. For heifers only, the odds of being pregnant were higher 298 

in Mbeya, Kilimanjaro, Njombe and Morogoro with OR (95% CI) of 12.1 (5.17-28.2), 4.26 299 

(1.92-9.47), 3.95 (1.55-10) and 2.43 (1.07-5.52), respectively, compared to the Tanga region.  300 

 301 
Figure 4.  The boxplots display the distribution of CFSI (in days) across regions, where the 302 
central box represents the middle 50% of the data, and the line (black) inside shows the median; 303 
whiskers extend to the minimum and maximum values. Asterisks represent outliers. 304 
Note: CFSI stands for calving to first service interval; the green line represents the CFSI 305 
required to get a 365-day interval between calvings, i.e.  85 days post-calving, and the red line 306 
represents the mean CFSI across all regions, i.e. 249 days. 307 

 308 

 309 

 310 

 311 

 312 

 313 
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Table 5. Regional distribution of reproductive performance parameters in smallholder dairy cattle in Tanzania. 314 
Farm voluntary waiting period (VWP) (days) 

Region n (% of all farms) Mean Median (IQR) Minimum Maximum OR (95% CI)† 

Arusha 16 (5) 127.5 105 (79-161) 75 255 4.18 (1.77-13.1) 

Kilimanjaro 65 (20) 113 90 (75-120) 60 360 1.99 (1.05-3.76) 

Mbeya 69 (21) 72.5 60 (45-90) 35 180 0.22 (0.11-0.43) 

Morogoro 60 (19) 119.7 105 (75-135) 45 303 3.88 (1.97-7.63) 

Njombe 56 (17) 96.2 90 (90-90) 90 150 2.03 (1.11-3.73) 

Tanga 56 (17) 92.5 90 (75-90) 45 195 Reference 

Overall 322 (100) 99.6 90 (75-105) 35 360  

Calving to conception interval (CCI) (days) 

Region 

n (% of all eligible 

cattle) Mean Median (IQR) Minimum Maximum 
HR (95% CI)† 

Arusha 10 (23) 233.4 188.5 (174-276) 97 1548 1.24 (0.43-3.54) 

Kilimanjaro 58 (26) 264.5 253.5 (148-479) 54 1105 0.55 (0.28-1.07) 

Mbeya 44 (20) 177.1 183.5 (80-408) 41 1151 1.61 (0.85-3.05) 

Morogoro 75 (27) 187.6 176 (104-301) 46 1377 1.32 (0.72-2.42) 

Njombe 39 (28) 190.2 173 (104-318) 59 1361 2.86 (1.4-5.85) 

Tanga 87 (23) 179.7 175 (111-297) 38 880 Reference 

Overall 313 (24) 268.3 189 (111-334) 38 1548  

Inter-calving interval (ICI) (days) 

Region 
n (% of all eligible 

cattle) 
Mean Median (IQR) Minimum Maximum Mean Difference (95% CI)† 

Arusha 17 (40) 509.6 445 (405-614) 350 1253 20.7 (-54 to 108) 

Kilimanjaro 72 (33) 633.2 638 (456-801) 283 1531 143 (58.4 to 244) 

Mbeya 67 (31) 482.7 430 (369-568) 286 1425 -6.7 (-43.1 to 35) 

Morogoro 78 (28) 582.2 559 (425-776) 301 1389 93.5 (28.9 to 165) 

Njombe 39 (28) 457.7 406 (382-512) 350 949 -32 (-81 to 24.2) 

Tanga 151 (40) 489 447 (385-567) 288 1265 Reference 

Overall 424 (33) 563.4 468 (398-686) 283 1531  
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First Service to Conception Interval (FSCI) (days) 

Region 
n (% of all eligible 

cattle) 
Mean Median (IQR) Minimum Maximum 

Number with zero FSCI (% of 

cows in region) 

Arusha 14 (33) 20.4 0 (0-2) 0 209 11 (79) 

Kilimanjaro 93 (42) 24.6 0 (0-15) 0 477 69 (74) 

Mbeya 110 (51) 15 0 0 333 93 (85) 

Morogoro 119 (21) 20.6 0 (0-22) 0 229 86 (72) 

Njombe 59 (42) 18.3 0 0 181 45 (76) 

Tanga 97 (25) 20.4 0 (0-35) 0 148 55 (57) 

Overall 492 (38) 20 0 (0-21) 0 477 359 (73) 

Calving to first service interval (CFSI) (days) 

Region 

n (% of all eligible 

cattle) Mean Median (IQR) Minimum Maximum 
 

Arusha 22 (51) 348.9 136 (136-186) 80 1548  

Kilimanjaro 107 (49) 336.4 210 (132-484) 33 1621  

Mbeya 76 (35) 232.3 142 (72-297) 41 1151  

Morogoro 114 (41) 240.7 167 (87-298) 28 1377  

Njombe 73 (53) 215.8 131 (93-243) 35 1320  

Tanga 203 (53) 215 144 (62-281) 29 1822  

Overall 595 (47) 249 166 (87-303) 28 1822  

Key: IQR, interquartile range; CI, confidence interval. All results from raw data, except where indicated (†). Odds ratio (OR) for VWP are derived 315 
from ordinal logistic regression, HR for CCI were derived from a mixed model Cox regression analysis, and the mean differences for ICI are back-316 
transformed from the output of generalised estimating equations (GEE) fitted to log10 transformed ICI data.  No regional analysis was undertaken 317 
for either FSCI or CFSI. 318 

 319 
 320 
 321 
 322 
 323 
 324 
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Table 6. Comparison between regions in the proportion of pregnant all cattle, cows, and nulliparous heifers on 322 smallholder dairy cattle 326 
across Tanzania. 327 

Region 

Total 

(% of all 

cattle in 

study) 

Pregnant 

(% of all 

cattle in the 

region) 

OR (95% CI) 

 

Cows 

(% of all 

cattle in 

region) 

Pregnant 

cows 

(% of all 

cows in 

region) 

OR (95% CI) 

 

Heifers 

(% of all 

cattle in 

region) 

Pregnant 

heifers 

(% of all heifers 

in region) 

OR (95% CI) 

Arusha 43 (3) 16 (37) 0.99 (0.52-1.9) 29 (67) 10 (34) 0.81 (0.37-1.81) 14 (33) 6 (43) 1.92 (0.58-6.3) 

Kilimanjaro 219 (17) 95 (43) 1.28 (0.91-1.8) 171 (78) 65 (38) 0.95 (0.65-1.39) 48 (22) 30 (63) 4.26 (1.92-9.47) 

Mbeya 217 (17) 120 (55) 2.07 (1.47-2.9) 154 (71) 68 (44) 1.22 (0.83-1.8) 63 (29) 52 (83) 12.1 (5.17-28.2) 

Morogoro 279 (22) 145 (52) 1.81 (1.32-2.47) 238 (85) 125 (53) 1.71 (1.22-2.4) 41 (15) 20 (49) 2.43 (1.07-5.52) 

Njombe 139 (11) 67 (48) 1.56 (1.05-2.3) 111 (80) 50 (45) 1.27 (0.82-1.96) 28 (20) 17 (68) 3.95 (1.55-10) 

Tanga 382 (30) 143 (37) Reference 318 (83) 125 (39) Reference 64 (17) 18 (28) Reference 

Overall 1279 (100) 586 (46)  1021 (80) 443 (43)  258 (20) 143 (55)  

Key: OR: odds ratios derived from binary logistic regression. CI stands for confidence interval 328 
 329 

 330 

 331 

 332 
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4. Discussion 334 
The present study was part of an overall evaluation of smallholder dairy cattle farming 335 

in Tanzania. Specifically, the study aimed to evaluate the reproductive performance of dairy 336 

cattle on smallholder dairy farms across six regions of Tanzania and to identify the most 337 

effective way of evaluating reproductive performance on such farms, given the limited 338 

resources available. The present study also aimed to establish whether there were regional 339 

differences and/or regional best practices for keeping smallholder dairy cattle. Because herd 340 

size is typically small (i.e. 2-4 dairy animals), this had to be achieved by agglomerating data 341 

from many farms across each region. Unfortunately, the Arusha region had too few farmers 342 

participating (following the unavailability of local veterinarians and livestock officers, who 343 

were participating in the national livestock identification program, resulting in reluctance 344 

among farmers to participate), making it difficult to extract useful trends from that region. 345 

These results, except for pregnancy status, are based on farmer records/recollections. 346 

There was a wide variability in the level of record keeping across the study farms, with most 347 

documentation being informal, often on paper or displayed on walls. This clearly affected the 348 

availability of reproductive data, but is also likely to have influenced the accuracy, consistency 349 

and reliability of all data collected. Although most farmers surveyed attempted to track herd 350 

information, key events such as breeding and calving were often overlooked, particularly when 351 

male calves were born, calves died early, or breeding occurred multiple times. In such cases, 352 

farmers relied more on memory or verbal accounts rather than records, increasing the risk of 353 

inaccuracies. Similar issues were reported by Kanuya et al. (1997), so it seems that the situation 354 

has not substantially improved in the last 25 years. The accuracy of the data was a particular 355 

issue for data that included first service; simply accepting these data as correct resulted in a 356 

73% conception rate to first service, a rate which is likely to be unachievable within a single 357 

region, let alone across all regions. The most likely reason for this high apparent conception 358 
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rate is that farmers only remembered the last service date, thus rendering both CFSI and FSCI 359 

as reproductive parameters that are not useful on Tanzanian smallholder dairy farms. 360 

However, the issue is not just one of accuracy; fewer than 50% of cows presented for 361 

pregnancy testing had sufficient records available for evaluating any of the four key 362 

reproductive parameters measured in the present study (i.e. CFSI, FSCI, CCI, and ICI) (see 363 

Table 2). The CCI is often recommended as a key method for determining a farm’s reproductive 364 

efficiency because of its simplicity and speed relative to ICI (Hudson et al., 2018), which was 365 

the parameter for which the lowest proportion (24%) of animals had sufficient data. This is 366 

because calculating a CCI requires a cow to be pregnant and have a previous calving date. In 367 

the dataset of the present study, only 65% of the pregnancy-tested cattle had a recorded 368 

previous calving date, and of these, only 38% were pregnant. Using the alternative measure 369 

“days open” would not solve this issue, as although days open includes data from non-pregnant 370 

cows, to calculate days open, we need to know the time from calving to culling or death, or the 371 

maximum interval between calving and insemination. Measuring time from calving to culling 372 

requires collecting data from cows that are no longer on the farm. In contrast, the maximum 373 

interval between calving and insemination does not appear to be a concept supported in this 374 

system, with our maximum reported calving-to-service interval being > 1800 days (see Table 375 

5). Fetrow et al. (1990) suggested that non-pregnant cows past their voluntary waiting period 376 

could be included in the calculation of days open, but their assumption was that such cows 377 

would be seen in oestrus, bred, and conceive 10 days after the pregnancy examination. This 378 

assumption is overly optimistic for Tanzanian smallholder dairy farms, and the variability in 379 

CCI across farms means that there is no value in attempting to calculate a single Tanzanian 380 

equivalent to their 10-day recommendation.  381 

Nevertheless, in aged pregnancy-tested cows, CCI is likely to be relatively accurate as 382 

it only requires a calving date, which farmers are likely to remember relatively accurately even 383 
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when it is not recorded. Thus, the median CCI and interquartile range (IQR) (189 days; 111-384 

334) reported in the present study probably reflects the true distribution of CCI in smallholder 385 

dairy cattle in Tanzania, especially as our data are consistent with earlier studies in Tanzania, 386 

which also reported prolonged CCI, e.g.  122 days (Kanuya et al., 1997), 221 days (Kanuya et 387 

al., 2000) and 123 ± 11 days (Lyimo et al., 2004). However, it is likely that our maximum 388 

reported (1237 days) is an underestimate, especially as the maximum reported ‘CFSI’ was 1822 389 

days. Similarly, the regional median CCI probably reflects the true distribution of CCI in 390 

smallholder dairy cattle in those regions. Modelling of CCI using survival analysis did not 391 

identify clear differences in CCI between most regions. After accounting for the clustering of 392 

CCI by farm, only Njombe had a hazard of pregnancy which was clearly different (i.e. 393 

appreciably higher) from that of Tanga; for all the other regions, our data were compatible with 394 

CCI being similar to that of Tanga. This analysis highlights the importance of the farm, even 395 

within the region, as a factor determining reproductive outcomes and the need for more data to 396 

properly evaluate the impact of the region on CCI.    397 

One of the major factors determining CCI is VWP. In order to achieve a 365-day inter-398 

calving interval,  CCI should be 85 days (Esslemont, 1992; Plaizier et al., 1997; Plaizier et al., 399 

1998). To obtain this, a VWP of 45 to 60 days is generally recommended, with the optimal 400 

VWP of 90% of cows being <10 weeks (Inchaisri et al., 2011). However, in all regions, except 401 

Mbeya, median farmer-reported VWP was 90 days or more (see Table 5), with only 62/320 402 

farmers who reported their VWP having a VWP of ≤70 days. However, in contrast to 403 

intensively managed dairy cows, where VWP has a marked influence on CCI (Inchaisri et al., 404 

2011), such that an increase in VWP from 50 to 125 days has been shown to extend days open 405 

by approximately 76 days (Ma et al., 2022). In the present dataset, an increase in VWP over 406 

the same range resulted in a 30 days increase in CCI. It is unclear how much attention farmers 407 

involved in the present study paid to their reported VWP, with 52/313 cows with a CCI having 408 
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a CCI that was shorter than the reported VWP. Further research is required to understand what 409 

Tanzanian smallholder dairy farmers understand about the concept of VWP and how they apply 410 

it on their farms.    411 

The final reproductive parameter – ICI is a classic parameter for demonstrating a herd’s 412 

reproductive performance (Fetrow et al., 2007), and as such, provides a simple comparison 413 

across studies, regions and countries. The present study reported an ICI with a median of 468 414 

days (range: 398 to 686 days). Notably, cows in the Kilimanjaro and Morogoro regions had a 415 

median ICI exceeding 550 days, ~ 1.5 times the target 365 days (to produce one calf per year). 416 

These findings are consistent with previous studies of smallholder dairy farms in Tanzania, 417 

which have shown similarly prolonged ICI: 477 days (Kanuya et al., 2000); 500 days (Swai et 418 

al., 2005b); 480 ± 2 days (Asimwe & Kifaro, 2007);  476 ± 14 days (Swai et al., 2007) and in 419 

African countries, an ICI of up to 32.5 months (Allan et al., 2024). However, our study was not 420 

designed just to report outcomes, but to identify the best method of ongoing monitoring 421 

reproductive performance on smallholder dairy farms, and as Fetrow et al. (2007) state, the 422 

large timespan needed to get two calving dates means that it is of very limited value as a 423 

monitoring tool. This is particularly a problem in systems such as Tanzanian smallholder dairy 424 

farms, which have very elongated ICI. However, an additional problem is that the calculation 425 

of the ICI relies on two sets of farmer-recorded data: the last calving date and the prior calving 426 

date. In this survey, only 33% of cows had two calving dates reported by the farmer, the lowest 427 

percentage among all parameters, except CCI, which was limited by the requirement that a cow 428 

be pregnant. This issue with CCI can be solved, at least partly by repeating the pregnancy 429 

examination at a later date or (as was done in the present study) using survival analysis to 430 

include every cow with a known last calving date. However, ICI relies completely on farmer 431 

records, so if two calving dates have not been recorded for a multiparous cow, data on the ICI 432 
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will be forever absent. Furthermore, relying on farmers' recollections for dates over 350 days 433 

ago (and in many cases, over 500 days ago) is likely to be inaccurate.  434 

In contrast, measuring pregnancy status using transrectal ultrasound does not need farm 435 

records. It simply requires a skilled technician to go on farm and for the farmer to present all 436 

eligible cows for examination. It is particularly useful for cows that are brought in with an 437 

unknown history, which is not an uncommon situation among smallholder dairy farmers in 438 

Tanzania. The proportion of pregnant cattle on farm reflects reproductive success; if cattle 439 

become pregnant more quickly and fewer fail to become pregnant, then the proportion of 440 

pregnant cattle will increase. As such, repeated strategic measurements of the proportion 441 

pregnant can provide an ongoing monitoring of reproductive performance, with targets set 442 

based on a baseline such as those reported in the present study. An additional advantage of 443 

monitoring reproduction using pregnancy diagnosis is that it is very popular with farmers. 444 

Multiple farmers were very pleased to learn the pregnancy status of their animals, especially in 445 

cows, as they often had no records. The absence of records was not only due to frequent 446 

purchases from undocumented sources but also originated from limited awareness of the 447 

importance of proper farm record keeping, reliance on memory and the lack of standardised 448 

systems for tracking reproductive events. Pregnancy testing thus provided farmers with 449 

information that they could directly use in the future. Some farmers even accompanied the first 450 

author to nearby farms to help others access the pregnancy testing service and to learn from 451 

successful peers, providing support to those facing challenges. The other advantage of 452 

pregnancy diagnosis is that its value is increased if farms have records (even if they are limited 453 

in nature). Pregnancy diagnosis also increases farmers’ contact with experts, i.e. technicians, 454 

veterinarians, and experienced farmers, which may help encourage better record-keeping 455 

practices. 456 
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 The main issue with recording the proportion of pregnant animals is that there are very 457 

few studies that report this parameter. Most East African studies that have reported proportions 458 

of pregnant cattle have actively measured pregnancy rates in a specified cohort (e.g., 459 

inseminated cows (Nishimwe et al., 2015), percentage pregnant after first service (Kanuya et 460 

al., 2000), lactating cows (Kanuya et al., 2006) and synchronised cattle (Kabuni et al., 2025). 461 

Studies that have measured the proportion of cows pregnant in an unselected group of cows 462 

include: Muraya et al. (2018) and Mungube et al. (2019) in Kenya (28.7 and 45.5% of cows 463 

pregnant, respectively) and Lobago et al. (2006) in Ethiopia (40.8%). Thus, our finding that 464 

46% of the cattle presented for examination were pregnant is at the upper end of previously 465 

reported proportions. Overall pregnancy rates varied by region (see Table 5). This regional 466 

effect was particularly marked for heifers, which were also more likely to be pregnant than 467 

cows. We need more data on what is driving the difference between heifers and cows and 468 

between regions, but it is likely that a high proportion of pregnant heifers, especially in Mbeya, 469 

reflects the use of natural service  470 

5. Conclusion  471 

 Overall reproductive performance was poor by international standards in the study 472 

farms, with high median CCI and ICI reported across all regions. Record-keeping practices 473 

were generally unsatisfactory across all study regions, with only a minority of cattle having 474 

sufficient data to calculate our targeted reproductive measures. In addition, data from farmer 475 

recollection, rather than farmer records (e.g., first service date) was shown to be inaccurate. 476 

Our data thus strongly support the use of proportion pregnant as the standard reproductive 477 

measure until record keeping improves substantially.  478 

 479 

 480 
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Chapter Six: The Impact of Socioeconomic and Management Predictors on the Recognition 

of Infertility Signs and Reproductive Performance in Smallholder Dairy Cattle Farming in 

Tanzania 

 

Foreword: This chapter covers the evaluation of the relationship between the 13 predictor 

variables and the four outcome variables, using multivariable analysis. The multivariable 

analysis was conducted using data from the past three chapters, i.e. farmer demographics 

and farming constraints; farmers' knowledge, attitude, practice (KAP) on infertility in dairy 

cattle and the reproductive performance determination (chapters three, four and five). This 

study has been submitted for publication in the Journal of the South African Veterinary 

Association. In this thesis, the manuscript has been presented in the journal format and 

style.  
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Abstract 39 

Understanding the factors influencing dairy farmers’ awareness of infertility and 40 

reproductive performance is vital for improving productivity. The current study employed 41 

multivariable analyses to assess the association between 13 predictor variables (covering 42 

farmer demographics, understanding of cattle infertility issues and perceived farming 43 

constraints) and four key outcome measures: recognition of infertility signs,  recognition of 44 

failure to produce a calf per year as an indicator of infertility, pregnancy status and inter-45 

calving interval (ICI). Smaller herd sizes were associated with poorer recognition of infertility 46 

signs and lower pregnancy rates (PR), while less experienced farmers had better recognition of 47 

infertility signs and higher PR. Cows whose owners considered repeat breeding as a major or 48 

moderate constraint on their farms had shorter ICI than those who considered that it had a 49 

negligible impact, while farmers who used only AI were more likely to consider failure to 50 

produce a calf per year than those who used AI and a bull. For the other predictors, except for 51 

region, our data did not identify clear effects on outcome variables, either in the univariable 52 

models or the multivariable models. This does not mean that such predictors have no effect 53 

on our outcomes, just that our data do not allow us to distinguish between a negative 54 

outcome, a positive outcome and no meaningful effect. More data is required to better 55 

establish which of these is correct. Of all the predictors, region appeared the most consistent 56 

and impactful variable, being selected and having at least one category with a clear effect 57 

across all the outcome variables. This indicates the presence of strong regional disparities in 58 

reproductive outcomes, likely reflecting broader structural, environmental or institutional 59 

differences across regions. Our findings underline the importance of context-specific 60 

approaches, particularly regionally tailored interventions, in enhancing reproductive 61 

performance among smallholder dairy systems in Tanzania.   62 

Keywords: Predictor and outcome variables, multivariable analysis, reproductive performance 63 

 64 
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1. Introduction 70 

Effective reproductive performance is crucial for optimising the lifetime productivity of 71 

a dairy cow (Lucy 2001, Hudson et al. 2018). Poor reproductive performance results in lower 72 

milk production, reduced sales of calves and less choice of herd replacements, and increased 73 

costs associated with breeding, feeding and labour (Diro et al. 2021). Subfertility in dairy cattle 74 

remains a persistent constraint that affects the productivity and profitability of dairy farming 75 

worldwide (Roman et al. 2024, Workie et al. 2021). This is particularly important in countries 76 

where smallholder dairy cattle farming predominates, such as Tanzania, as fertility-related 77 

constraints are particularly strong (Kivaria et al. 2006b, Shalloo et al. 2014) and  significantly 78 

limit the ability of smallholder dairy farming to support individual farm profitability and thus 79 

local development (Njombe et al. 2011, Kanuya et al. 2000, Kanuya et al. 2006). In a previous 80 

chapter, we measured the reproductive performance of over 320 dairy farms across Tanzania. 81 

We concluded that there was a marked variation in reproductive performance between farms 82 

and regions. In this study, we aim to investigate further some of the factors that may be 83 

behind these farm and region-level differences, using data from our survey of smallholder 84 

dairy cattle farmers. Our focus was to examine how farm and farmer demographics, 85 

reproductive management practices, perceived infertility problems and key farming 86 

constraints influenced farmers’ knowledge of infertility and their overall reproductive 87 

performance. 88 

Therefore, the current study aimed to examine the association between the selected 89 

predictor variables and the chosen output variables to provide insights into how they 90 

influence perceptions and experiences of infertility and reproductive performance among 91 

smallholder dairy cattle farms in Tanzania.  92 

2. Methodology 93 

The methodology of this study is well documented by prior research conducted as part 94 

of the main study (Ngou et al. 2025). A concise summary of the selected predictors and 95 

outcome variables is presented in Table 1. The following sections outline the data sources, 96 

variable selection process and analytical methods used in this study.  97 

 98 

 99 
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2.1. Ethical considerations and approval 100 

This research was approved by the Ministry of Livestock and Fisheries through the 101 

Ethics Review Board of the Tanzania Livestock Research Institute (TALIRI) (reference number 102 

TLRI/RCC.21/007). Informed written consent was obtained prior to data collection, and the 103 

results were anonymised. 104 

2.2. Study design and site selection 105 

This on-farm cross-sectional study on the reproductive performance of smallholder dairy 106 

cattle under the smallholder dairy cattle farming system was conducted in six regions (Arusha, 107 

Kilimanjaro, Mbeya, Morogoro, Njombe and Tanga) of the Tanzania mainland from May 2022 108 

to February 2023. Convenience sampling was used to identify the study regions, districts, 109 

villages, and the first study farm in each village. Snowball sampling was subsequently 110 

employed to select additional study farms in that village.  111 

2.3. Field data collection 112 

   All the data were collected by a single person (the author), assisted by 113 

veterinary/livestock officers from the respective area. Information was collected through 114 

questionnaire-guided interviews on farmer demographics, farmers' understanding of cattle 115 

infertility, and the reproductive performance of herds and individual animals. 116 

2.4. Data analysis 117 

This study examined the effect of a series of predictor variables on key reproduction-118 

related variables (see Table 6.1). The thirteen predictor variables (see Table 6.1) were selected  119 

to encompass a broad range of demographic, practical, and systemic factors that are likely to 120 

influence smallholder dairy cattle farmers’ understanding and response to infertility in dairy 121 

cattle (Kurwijila et al. 2012, Chawala 2020, Ngou et al. 2025).   122 

The collinearity of 13 predictor variables was checked using Spearman’s rank 123 

correlation, with ρ>0.7 being used to indicate collinearity. If collinearity occurred, the variable 124 

with the most plausible biological effect was chosen.  For each of the four outcomes, the same 125 

process was used to identify the final model. Firstly, all 13 predictor variables were tested in a 126 

univariable model, with all variables having a P-value ≤ 0.4 being selected for inclusion in a 127 

multivariable model, where no further selection was made. The modelling process used for 128 
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each outcome variable was the same for the univariable and multivariable analyses and is 129 

summarised in Table 6.1. For the two cow-level variables (pregnancy status and inter-caving 130 

interval), the farm was included as a subject variable and the cow as a within-subject variable 131 

to account for clustering within the farm in both univariable and multivariable models. 132 

For all analyses, data are interpreted using the compatibility interval approach; i.e. 133 

rather than using p-values to determine a dichotomous outcome, we used 95% confidence 134 

intervals to determine the range of values that were compatible with our data under our 135 

background statistical assumptions (Gelman & Greenland 2019).  136 

 137 

 138 

 139 
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Table 6.1. Predictor and outcome variables selected 140 

 Tested predictor variables 

  

Tested outcome variables 

Group Predictor  Categories Outcome  
Outcome 
variable  

Statistical model 
D

em
o

gr
ap

h
ic

s 

Region 
Arusha, Kilimanjaro, Mbeya, Morogoro, 
Njombe or Tanga 

Ability to identify infertility signs  Score out of 10  
Ordinal logistic 
regression 

Farmer gender  Female or male 
Failure to produce a calf/year is a 
sign of infertility  

Yes vs. no 
Binomial logistic 
regression 

Farmer age (Years) ≤40, 41-60 or ≥61) Calving interval (Days) Ln calving interval 
Generalised 
estimating equation 
with linear outcome† 

Farmer formal education  None, Primary, Secondary or Higher Pregnancy status  
Pregnant vs non-
pregnant 

Generalised 
estimating equation 
with log outcome† 

Dairy farm experience (years) ≤10, 11 to 20, 21 to 30 or ≥31 

  

Herd Size  1 to 2, 3 to 4, 5 to 6 or ≥7 

Breeding method  AI, bull or both 

C
o

n
st

ra
in

ts
 

High breeding costs  Major, moderate or minor 

Input cost  High or moderate 

Lack of enough land  High or moderate 

Fe
rt

ili
ty

 is
su

es
 Impact of repeat breeding* Major, moderate or negligible 

Extent of infertility on the farm Major, moderate and minor 

Selling of infertile animals to 
other farmers  

Agree, neutral and disagree 

*Repeat breeding: mating or inseminating an animal multiple times without it becoming pregnant. †Farm used as subject variable and cow 141 

as within-subject variable.142 

 143 
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3. Results 144 

For the outcome ‘ability of the farmer to identify dairy cattle infertility signs’, seven 145 

predictor variables were selected from the univariable analysis: education, experience, herd 146 

size, breeding method, breeding cost, perception of infertility extent on their farm and region 147 

(see Table 6.2). For all included predictor variables, 95%CI for at least some of the categories 148 

included potentially important effects. For example, compared to farmers who had attended 149 

university the odds ratio (OR) for a farmer whose highest education was secondary correctly 150 

identifying more signs of infertility was 0.84 (0.41–1.72); i.e. our data were compatible with a 151 

range of effects from a large decrease in odds and to a smaller but still important increase 152 

(and consequently also no meaningful effect).  153 

Of the seven predictor variables, only three, herd size, experience, and region, had at 154 

least one category for which the 95%CI excluded 1, i.e. the range of effects with which our 155 

data were compatible did not include no effect.  For the remaining predictors, all categories 156 

had 95%CI that included 1, meaning that the data were compatible with no meaningful effect. 157 

Compared to farms with a herd size of ≥7 cattle, all other categories had lower odds of 158 

recognising more signs of infertility. However, the data provide only limited support to the 159 

hypothesis that, beyond the difference between herds with ≥7 cattle, decreasing herd size was 160 

associated with decreased recognition because the large overlap between the CI of the OR for 161 

each size category means that although our data are compatible with such an effect, they are 162 

also compatible with the opposite. In regard to experience, compared to farmers with ≥31 163 

years of experience, all other categories had higher odds of recognising more signs. For 164 

farmers with 11 to 20 years of experience, the 95%CI of the OR ranged from a slight decrease 165 

to a substantial increase in odds, so our data are also compatible with no meaningful 166 

difference from farmers with ≥31 years of experience. For the regions, compared to farmers in 167 

Tanga, all farmers except those in Njombe had higher odds of recognising more signs. Our 168 

data for farmers in Morogoro and Kilimanjaro were compatible with effects ranging from a 169 

moderate increase in odds (lower CI for OR 1.91 and 1.3, respectively) to a very large increase 170 

(5.76 and 9.3, respectively). Farmers in Njombe had lower odds (OR: 0.35) of recognising more 171 

signs, ranging from a slight decrease to a large one (CI: 0.15 to 0.80).  172 
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Table 6.2: Effect of selected predictors on the ability of Tanzanian smallholder dairy farmers to 173 

recognise signs of infertility. Data from 301 farmers across 6 regions of Tanzania 174 

Predictor Category Odds Ratio 
95%CI 

Lower Upper  
Formal Education  

 None 1.21 0.33 4.47 

  

Primary 0.96 0.56 1.64 

Secondary 0.84 0.41 1.72 
Higher Reference 

Experience (Years) 

  

≤10 3.82 1.82 8.02 

11 to 20 2.03 0.96 4.29 
21 to 30 3.38 1.53 7.50 

≥31  Reference 

Herd Size  

  

1_2_cattle 0.22 0.11 0.44 
3_4_cattle 0.37 0.19 0.70 

5_6_cattle 0.45 0.23 0.89 

>=7_cattle Reference 

Breeding Method 

  

AI 1.55 0.92 2.60 

Bull 0.55 0.15 2.06 

Both Reference 

High Breeding Cost 

  

Major 1.15 0.53 2.49 

Moderate 0.62 0.38 1.01 

Minor Reference 

Extent of Infertility Problem on the Farm 

 

Major 1.66 0.74 3.69 

Moderate 1.41 0.63 3.14 

Minor Reference   

Region 

 

Arusha 1.56 0.57 4.24 

Kilimanjaro 2.74 1.31 5.76 

Mbeya 1.99 0.42 9.37 
Morogoro 4.21 1.90 9.30 

Njombe 0.35 0.15 0.80 

Tanga Reference 
Note: Predictors selected from those in Table 6.1 on the basis that for univariable analysis, p≤0.4. 175 
Output from an ordinal logistic regression with the outcome being a score out of 10 for identifying 176 
signs of infertility correctly.  177 
Example for Interpreting Odds Ratios: The odds of a farmer with experience of ≤10 years getting a 178 
higher score than a farmer with ≥31 years of experience were 3.82  times higher than  the odds of the 179 
farmer with ≥31 years of experience having the higher score 180 
 181 
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For ‘failure to produce a calf in a year (as an infertility sign)’, nine predictors were 182 

included in the multivariable analysis (see Table 6.3). For this analysis, the reported ORs are 183 

for a farmer correctly identifying that failure to produce one calf a year was a sign of infertility. 184 

For all included predictor variables, 95%CI for at least some of their categories included 185 

potentially important effects. For example, compared to farmers who perceived that infertility 186 

had a minor impact on their farm, the OR for a farmer who perceived it as having a moderate 187 

effect was 1.38 (95%CI 0.49 -3.9); i.e. our data were compatible with a range of impact from a 188 

moderate decrease in odds to an almost four-fold increase. Of the nine included predictor 189 

variables, only four (herd size, breeding method, experience, and region) had at least one 190 

category for which the 95%CI from the model was incompatible with no effect.  191 

Compared to farms with a herd size of ≥7 cattle, all other categories had lower odds of 192 

recognising failure to produce a calf in a year as a sign of infertility, and our data were 193 

compatible with a large effect. For farms with 1-2 cattle, the effect ranged from a small 194 

decrease to a large one (i.e. lower and upper CI  were 0.1 and 063, respectively). However, for 195 

farms with a herd size of 5 to 6  or 3 to 4 cattle, as well as being compatible with a large 196 

decrease (lower CI 0.25 and 0.18, respectively), our data were also compatible with no 197 

meaningful association (upper CI 1.4 and 1.0, respectively).  198 

 Relative to farmers who used both AI and bulls, farmers who used bulls only had lower 199 

odds of recognising not achieving a calf-a-year as a sign of infertility, but our data were 200 

compatible with a range of outcomes from a large decrease in odds to a small increase (95%CI 201 

0.063 – 1.32).  In contrast, for farmers who used AI only, our data were compatible with a 202 

range of effects from a moderate increase to a large one (95%CI 1.18 – 4.79). In regard to 203 

experience, farmers with less the 31 years of experience had higher odds of correctly 204 

recognising failure to produce a calf in a year as a sign of infertility than those with ≥31 years. 205 

For farmers with ≤10 and 21-30 years’ experience our data were compatible with a range of 206 

effects from a moderate increase to a large one (95%CI 1.37 - 12.2 and 1.29 – 10.9, 207 

respectively) while for those with 11-20 years our data were still compatible with a large 208 

increase (upper 95% CI 4.3) but also a moderate decrease (lower 95%CI 0.56) 209 

 Lastly, for region, compared to farmers in Tanga, farmers in all other regions except 210 

those in Mbeya had lower odds of correctly recognising failure to produce one calf a year as a 211 
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sign of infertility. For Morogoro, our data showed effects ranging from a moderate decrease to 212 

a very large one (lower and upper 95%CI for OR: 0.099 to 0.8). 213 

 214 

Table 6.3: Effect of selected predictors on the ability of Tanzanian smallholder dairy farmers to 215 

recognise a failure to produce a calf in a year as a sign of infertility. Data from 301 farmers 216 

across 6 regions of Tanzania 217 

Predictor Category Odds Ratio 
95%CI 

Lower Upper  

Age (Years) 

  

≤40 0.51 0.19 1.41 

41-60 0.54 0.25 1.16 

≥61 Reference 

Experience (Years) 

  

≤10 4.09 1.37 12.22 

11 to 20 1.55 0.56 4.30 

21 to 30 3.74 1.29 10.87 

≥31  Reference 

Herd Size  

  

1_2_cattle 0.25 0.1 0.63 

3_4_cattle 0.43 0.18 1.0 

5_6_cattle 0.6 0.25 1.43 

>=7_cattle Reference 

Breeding Method 

  

AI 2.37 1.18 4.79 

Bull 0.29 0.06 1.32 

Both Reference 

High Breeding Cost 

  

Major 1.65 0.61 4.48 

Moderate 0.82 0.31 2.14 

Minor Reference 

High Input Cost 

  
Higher 0.52 0.14 1.94 

Moderate Reference 

Lack of Enough Land 

  
Higher 0.7 0.36 1.34 

Moderate Reference 

Extent of Infertility Problem on the Farm 

  

Major 0.81 0.29 2.25 

Moderate 1.38 0.49 3.9 

Minor Reference 

Region 

  

Arusha 0.26 0.06 1.08 

Kilimanjaro 0.56 0.2 1.55 

Mbeya 4.06 0.63 26.1 

Morogoro 0.28 0.1 0.8 

Njombe 0.52 0.16 1.66 

Tanga Reference 

Note: Predictors selected from those in Table 6.1 on the basis that for univariable analysis, p≤0.4. 218 
Output from an ordinal logistic regression with the outcome being failure to produce a calf in a year as 219 
a sign of infertility.  220 
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For the dependent variable ‘pregnancy status’, six predictors were selected for 221 

multivariable analysis (see Table 6.5). For all the included predictor variables, the 95%CI for at 222 

least some of the categories encompassed potentially important effects. For instance, 223 

compared to farmers who viewed high input costs as a moderate constraint on their farms, 224 

those who perceived it as a higher constraint had an OR of 1.26 (95%CI 0.76-2.07). This 225 

interval reflects a range of possible impacts, from a small decrease in the proportion pregnant 226 

to a marked increase in the odds of pregnancy. Of the six included predictor variables, only 227 

three (herd size, experience, and region) had at least one category for which the 95%CI from 228 

the model was incompatible with no effect. For herd size, cows on farms that had 1-2, 3-4 or 229 

5-6 cows all had a lower odds of pregnancy than cows on a farm with a herd size of 7 or more. 230 

However, it was only on farms with a herd size of 5- 6 that odds of a cow being pregnant had 231 

an OR and 95%CI excluding 1 (OR 0.62; 95%CI 0.42-0.91). However, as that CI includes the 232 

point estimates of the OR for the other size categories (see Table 6.5), our data do not allow 233 

us to make the claim that our OR for the herd size categories are definitely different (Cumming 234 

& Finch 2005). Compared to farmers with ≥31 years of experience, cows on farms belonging to 235 

farmers in all the other three experience categories had higher odds of pregnancy.   For 236 

farmers with ≤10 years of experience, the OR included 1 (OR 1.3; 95%CI 0.76-2.23), whereas 237 

for the other two categories it did not (see Table 6.5). However, as with herd size, our effect 238 

estimates are not precise enough to allow us to distinguish whether the OR for farmers with 239 

≤10 years of experience is different from those of farmers with 11-20 and 20-30 years.  Lastly, 240 

compared to farms in Tanga, cows in all other regions had higher odds of pregnancy. For cows 241 

in Morogoro and Njombe regions, the effects that were compatible with our data ranged from 242 

a small increase to a relatively large one (OR and 95%CI were OR 1.82 (1.16-2.84) and 1.86 243 

(1.13-3.07), respectively. Thus, our model suggests that if a farm in Tanga has 40% of its cows 244 

pregnant, a farm that was identical but in Morogoro would have 55% of its cows pregnant 245 

(95%CI 44 to 65).  246 

 247 

 248 

 249 

 250 

 251 

 252 
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Table 6.5: Effect of selected predictors on the pregnancy status of Tanzanian smallholder dairy 253 

cows. Data from 1169 cows across 6 regions of Tanzania. 254 

Predictor Category Odds Ratio 
95%CI 

Lower Upper  
Age (Years) 

  

≤40 1.34 0.86 2.09 

41-60 1.19 0.83 1.72 

≥61 Reference 
Experience (Years) 

  

≤10 1.30 0.76 2.23 

11 to 20 1.77 1.04 3.01 

21 to 30 1.75 1.05 2.92 
≥31  Reference 

Herd Size  

  

1_2_cattle 0.70 0.44 1.11 

3_4_cattle 0.89 0.59 1.34 
5_6_cattle 0.62 0.42 0.91 

≥7_cattle Reference 

Breeding Method 

  
AI 0.97 0.69 1.36 
Bull 1.49 0.56 3.95 

Both Reference 

High Input Cost 

  
Higher 1.26 0.76 2.07 
Moderate Reference 

Region 

  

Arusha 1.04 0.58 1.88 

Kilimanjaro 1.42 0.95 2.12 

Mbeya 1.48 0.53 4.09 

Morogoro 1.82 1.16 2.84 

Njombe 1.86 1.13 3.07 

Tanga Reference 

Note: Predictors selected from those in Table 6.1 on the basis that for univariable analysis, 255 

p≤0.4. Output from the logistic regression model with the outcome being pregnancy status.  256 

Odds ratios (OR) values were derived from a multivariable logistic regression model fitted 257 

using generalised estimating equations (GEE) for the clustering effect. An OR of less than 1 258 

indicates lower odds of pregnancy compared to the reference category, while an OR greater 259 

than 1 indicates higher odds. 260 

 261 

 262 

 263 

 264 
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For ‘inter-calving interval (ICI)’, seven predictor variables were included in the 265 

multivariable analysis (see Table 6.6). For all the included predictor variables, the 95%CI for at 266 

least some of the categories encompasses the potential effects. For instance, compared to 267 

farmers who viewed a lack of land as a moderate constraint, those who perceived it as a 268 

higher constraint had a longer mean ICI, i.e. 1.05 times higher (95%CI: 0.96-1.16). Thus, if the 269 

model predicted that a farm owned by a farmer who viewed lack of land as a moderate 270 

constraint had a mean ICI of 500 days, then the model would predict that changing the farmer 271 

to one who viewed lack of land as a major constraint would increase ICI to 525 days (95%CI 272 

480 – 580). Of the seven selected variables, only repeat breeding and region had at least one 273 

category for which the 95%CI from the model was incompatible with no effect. Compared to 274 

farmers who viewed repeat breeding as a negligible constraint, farmers who considered it to 275 

have a major or moderate impact had shorter ICI (0.71 (95%CI 0.54-0.93) and 0.67 (95%CI: 0.5-276 

0.89) times, respectively. For region, farms in Kilimanjaro had 1.22 times longer ICI (95% CI: 277 

1.07 to 1.4) than those in Tanga, while those in Njombe were 0.83 times shorter (95% CI: 0.7 278 

to 0.97).   279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 
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Table 6.6: Effect of selected predictors on the inter-calving interval of Tanzanian smallholder 296 

dairy cows. Data from 394 cows across 6 regions of Tanzania 297 

Predictor Category GMR 
95%CI 

Lower Upper  

Gender 

  
Female 1.11 1.00 1.24 

Male Reference 

Age (Years) 

  

≤40 0.92 0.82 1.03 

41-60 1.00 0.90 1.10 

≥61 Reference 

Breeding Method 

  

AI 1.02 0.93 1.11 

Bull 1.06 0.93 1.21 

Both Reference 

Lack of Enough Land 

  
Higher 1.05 0.96 1.16 

Moderate Reference 

Repeat Breeding 

  

Major 0.71 0.54 0.93 

Moderate 0.67 0.50 0.89 

Negligible Reference 

Selling Infertile Animals to Other Farmers 

  

Agree 0.90 0.80 1.01 

Neutral 0.93 0.83 1.04 

Disagree Reference 

Region 

  

Arusha 0.90 0.75 1.08 

Kilimanjaro 1.22 1.07 1.40 

Mbeya 0.93 0.79 1.09 

Morogoro 1.11 0.99 1.26 

Njombe 0.83 0.70 0.97 

Tanga Reference 

Note: Predictors selected from those in Table 6.1 on the basis that for univariable analysis, 298 

p≤0.4. Output from the logistic regression model with the outcome being inter-calving 299 

interval.  300 

The GRM (Geometric Mean Ratios) indicates a multiplicative effect relative to the respective 301 

reference category in each predictor variable. A value >1 suggests a longer ICI, while a value <1 302 

indicates a shorter ICI compared to the reference. CI represents confidence intervals at the 303 

95% level.  304 

 305 

A summary matrix of the influence of the predictor variables on reproductive 306 

performance indicators among smallholder dairy farmers in Tanzania is shown in Table 6.7. Of 307 

the thirteen predictor variables, only ‘region’ and ‘breeding method’ were selected to be 308 

included in the multivariable analysis for all four outcome variables, with only ‘region’ having 309 

at least one category where the outcome compared to the reference category was 310 

incompatible with no effect in all four models.  311 
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Table 6.7. A Summary matrix of the influence of the predictor variables on reproductive performance indicators among smallholder dairy 312 

farmers in Tanzania 313 

Predictor 

Influenced Dependent variables (✓-Selected, X-Effect) 

Recognition of infertility signs Calf a year (Sign) Pregnancy status Calving Interval  Total 

Selection Effect Selection Effect Selection Effect Selection Effect ✓ X 

Region ✓ X ✓ X ✓ X ✓ X 4 4 

Gender              ✓   1 0 

Age (Years)     ✓   ✓    ✓   3 0 

Education ✓               1 0 

Experience (Years) ✓ X ✓ X ✓ X     3 3 

Herd Size ✓ X ✓ X ✓ X     3 3 

Breeding Method ✓   ✓ X ✓    ✓   4 1 

High breeding cost ✓   ✓          2 0 

High cost of inputs     ✓   ✓       2 0 

Lack of enough land     ✓        ✓   2 0 

Repeat breeding              ✓ X  1 1 

Extent of Infertility Problem on the Farm ✓   ✓           2  0 

Selling Infertile Animals to Other 
Farmers 

             ✓   1 0 

Total 7 3 9 4 6 3 7 3   

Note: This Table presents a summary of predictor variables and their associations with five reproductive performance indicators 314 

(dependent/ outcome variables). A check mark (✓) under the ‘selection’ column indicates that the predictor was selected in the final 315 

multivariable model for the respective outcome. A cross (X) under the ‘effect’ column indicates that the predictor had an OR or GMR which 316 

did not include 1. (Note that this does not mean that selected variables without a cross had no effect on the outcome or that the effect on 317 

the outcome of the selected variable without a cross is necessarily less than that of the selected variable with a cross – see Tables 6.2 to 6.6 318 

for the effects that are compatible with our data. 319 
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4. Discussion  320 

Understanding the factors that affect the fertility of dairy cows on Tanzanian 321 

smallholder dairy farms is a crucial prerequisite for their improvement. From the previous 322 

surveys of this study, it was clear that there were marked regional differences in farmer 323 

demographics as well as their understanding of infertility issues and the reproductive 324 

performance of their dairy cattle. Similar regional differences have also been documented in 325 

earlier research into farmer knowledge and performance around cattle reproduction. For 326 

example, Swai & Karimuribo (2011) and Kashoma & Ngou (2023) both emphasised that the 327 

regional context significantly influenced Tanzanian dairy farmers’ knowledge and their 328 

adoption of reproductive management practices. Similar trends have been observed in a 329 

broader East African context, with both Lobago et al. (2006) and Birhanu & Samson (2021) 330 

reporting that in Ethiopia, smallholder dairy cattle farmers’ awareness of reproductive 331 

disorders and overall cattle fertility performance varied substantially by location and  Mwanga 332 

et al. (2019) detailing variations in breeding decisions in smallholder dairy farmers across 333 

different sub-Saharan countries, i.e. Ethiopia. Kenya, Tanzania and Uganda.  334 

However, simply identifying a regional effect is of limited value, as an effect of “region” 335 

is simply a proxy for unidentified factors that vary by region and affect farmer knowledge 336 

and/or performance. Some of these factors will be factors that we cannot change (such as 337 

differences in climate), but others (such as education level) may be amenable to change. Thus, 338 

identifying the factors behind regional differences can be useful for developing strategies to 339 

improve reproductive knowledge and performance.  340 

The aim of this present study was to use the data collected in the previous parts of the 341 

main research in order to establish whether we could identify such factors. This was 342 

accomplished by using multiple multivariable analyses to examine the relationship between 343 

key predictor variables, related to farmer demographics, perceived constraints, and infertility 344 

issues, and four key outcome parameters, two of which were to related farmers awareness 345 

and knowledge of infertility (recognition of signs of infertility, and attitude to failing to 346 

produce one-calf-a-year), and two which were key reproductive performance measures (ICI 347 

and pregnancy status).  348 
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Our analysis was a two-stage process: selection of predictors for the multivariable 349 

model and an analysis of the results from that model. Both stages provide valuable 350 

information about whether our predictors are likely to influence farmer knowledge and 351 

reproductive outcomes. The first identifies whether it is plausible that a predictor has a 352 

meaningful impact on our outcomes, while the second identifies, after accounting for the 353 

other variables in our multivariable model, the effects that are compatible with our data. 354 

Of the six demographic-related predictors (excluding region), age, experience, and 355 

herd size were selected for multivariable analysis for at least three of the outcomes. This 356 

suggests that these predictors are potentially important in shaping smallholder awareness and 357 

practices related to cattle infertility and reproductive performance. In contrast, gender and 358 

education level were included in only one multivariable analysis, suggesting that, at least in 359 

our dataset, they did not have a consistently strong association with our outcome variables. 360 

This does not mean that gender and education have no influence on fertility awareness or 361 

reproductive performance. Indeed, previous studies in East Africa suggest otherwise. For 362 

example, in regard to gender, Richards et al. (2019) in Kenya, it was shown that female 363 

farmers had better calving rates and improved reproductive performance. In Tanzania, studies 364 

by Alessandra et al. (2017) and Sikira et al. (2018) showed that access to veterinary services 365 

and animal health information differed between males and females, with females facing more 366 

difficulties in accessing these resources. For education, in both Kenya and Uganda, better 367 

education was linked to better reproductive outcomes (Benon et al. (2015), which may be 368 

linked to educated farmers having a better understanding of and being more willing to adopt 369 

and use technology (Ingabire et al. 2018, Kashoma & Ngou 2023). Our analysis does not 370 

exclude gender and education from having an impact.  Thus, while these predictors were not 371 

associated with most of the outcome variables in this multivariable analysis, further 372 

investigation is needed with a larger or more targeted dataset to draw firmer conclusions.  373 

The farmer’s age was included in the multivariable analysis of three outcomes, i.e. 374 

failure to produce a calf in a year, pregnancy status and ICI. For the first two outcomes, our 375 

point estimate indicated that younger farmers had better outcomes than farmers in our oldest 376 

group (≥61 years), although our data was also compatible with a small decrease in good 377 

outcomes. For ICI, our GMR (and CI) were close to zero, but this small variation hides large 378 

potential differences in ICI (a GMR of 0.8 and one of 1.2 both indicate a change in ICI of 100 379 
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days if the reference ICI is 500 days), so for the impact of age on ICI our data do not provide 380 

clear guidance.  Elsewhere, the data on the impact of age is variable, at least in reported 381 

outcomes. For example, in Sweden, Alvåsen et al. (2018) had more extended reproductive 382 

longevity, perhaps because livestock keeping had become a lifestyle rather than a business for 383 

them. However, younger farmers can be more active and more open to new technologies 384 

(Kosgei et al. 2020, Yap et al. 2025) than older farmers. As our data are not conclusive as to 385 

which side of this divide Tanzanian dairy farmers lie, further investigation is needed with a 386 

larger or more targeted dataset to draw firmer conclusions about the age of reproductive 387 

knowledge/performance. 388 

 Experience in smallholder dairy cattle farming was included as a predictor in three 389 

multivariable models and was associated with a clear effect across all three outcome variables 390 

(see Table 6.7). Notably, farmers with less experience demonstrated a better understanding of 391 

the signs of infertility and were more likely to recognise that failing to produce a calf per year 392 

was a sign of infertility. This was associated with better reproductive performance (a higher 393 

proportion of pregnant cows). This conclusion seems at odds with much of the published 394 

literature on East African reproductive performance and experience. Other  studies have 395 

shown that experienced farmers are better able to report and respond to reproductive 396 

problems (Swai & Karimuribo 2011) and to adopt farming technology (Ingabire et al. 2018), 397 

with (Mwanga et al. 2019) reporting, across Kenya, Tanzania, Uganda and Ethiopia, that more 398 

experienced farmers had better breeding choices and hence improved reproductive 399 

performance. Nevertheless, Swai et al. (2014) did highlight that longer experience alone does 400 

not guarantee better reproductive outcomes, so we need further investigation around why, in 401 

our dataset, the highest level of experience was associated with the poorest outcomes. 402 

Herd size was also included as a predictor in three multivariable models and 403 

demonstrated a clear effect across all those variables (see Table 6.7). Conspicuously, smaller 404 

farms had poorer reproductive performance, as reflected by lower pregnancy rates. Not all 405 

studies have shown a similar effect, Fahey et al. (2002) in Ireland indicated that smaller herd 406 

sizes were associated with improved reproductive efficiency. However, all the herds in that 407 

study were much larger than seen in the current study (≥34 cows) and other studies in the US 408 

and Europe have shown that reproductive efficiency is associated with large herd sizes (Jago & 409 

Berry 2011, Löf et al. 2007). For smallholders, it is clear that small herd sizes can limit the 410 
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opportunities available to them to commercialise and benefit from producing livestock and 411 

livestock products (Lubungu 2017, Swai & Karimuribo 2011) and that reproductive 412 

performance is one of the key limiting factors preventing smallholders from increasing their 413 

herd size (Lubungu 2017). However, as far as we are aware, there are no studies on the impact 414 

of herd size and reproductive knowledge/performance. Though studies have assessed the 415 

effect of herd sizes on reproductive outcomes like ICI and conception rates (Benon et al. 2015, 416 

Löf et al. 2007). Nevertheless, our findings are consistent with the consensus that poor 417 

reproductive performance is common on Tanzanian dairy farms.  418 

Although the breeding method was included as a predictor in all four multivariable 419 

models, there was only one outcome, i.e. failure to produce a calf within a year, where there 420 

was a clear effect on farmers who primarily relied on AI being more likely to recognise this 421 

failure as an indicator of infertility. For all the other outcomes, our data were equivocal, 422 

consistent with a range of potential effects from poorer to better performances. This does not 423 

mean that the breeding method did not influence these other outcomes, just that we cannot 424 

draw firm conclusions around the impact of breeding method from this dataset. Other studies 425 

from Eastern Africa have suggested that the use of bulls is associated with improved 426 

reproductive performance (Kanuya et al. 2014, Kashoma & Ngou 2023) although those studies 427 

did not adjust outcomes to account for other differences between farms. Other findings 428 

suggest that AI users were more likely to maintain better farm records and  have a better 429 

understanding of issues related to production, as well as technology adoption (Gargiulo et al. 430 

2018, Ingabire et al. 2018). These mixed findings highlight the complexity of the relationship 431 

between breeding method and reproductive outcomes, which may be influenced by additional 432 

factors service quality, timing and farm management (Tesfaye et al. 2015, Mekonnen et al. 433 

2010, Jemal et al. 2016).  434 

For the predictors related to farming constraints (i.e. high breeding costs, input costs 435 

and lack of enough land) and fertility issues (the impact of repeat breeding, the extent of 436 

infertility on the farm and the practice of selling infertile animals to other farmers), each was 437 

included at least once in the multivariable models. However, for all of these variables, except 438 

for one association, our data are equivocal in regard to their likely impact on the outcomes of 439 

the models they are included in. Again, it is important to emphasise that we have not shown 440 

that these factors do not have an impact, just that we need more data to better characterise 441 
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their impact. This is especially important as others have shown an association. For example, 442 

Swai et al. (2014) reported that lack of land and high cost of inputs were associated with 443 

longer ICI and low conception rates in Tanzania, while challenges related to access to breeding 444 

and health services contributed to low calving rates and longer ICI in Malawi (Banda et al. 445 

2012). The only exception to the equivocal finding was repeat breeding with ICI, which showed 446 

a clear association. Specifically, farmers who considered repeat breeding a problem on their 447 

farm (major or moderate importance) had cows with shorter ICI than those who regarded it as 448 

of negligible importance on their farms. This suggests that farmers' recognition of repeat 449 

breeding as a problem is an indicator that they are aware of the issue and are more proactive 450 

in managing it, perhaps by adopting corrective interventions such as improving heat detection 451 

or seeking veterinary advice. Studies have shown large economic impacts of repeat breeding 452 

on smallholder dairy farming (Kafi 2022), so this is an area that needs further focus if we are to 453 

improve reproductive outcomes on small Tanzanian dairy farms.  454 

The findings of this study clearly demonstrated that region remained a strong and 455 

consistent predictor of reproductive outcomes even after accounting for other influential 456 

factors such as farmer and farm demographics, understanding of infertility and farming 457 

constraints. Region was selected and showed a clear effect in all four multivariable models, 458 

which makes it the most impactful predictor in the analysis. This means that regional 459 

differences are not only fully explained by other included variables. Rather, it suggests the 460 

presence of fundamental region-specific factors involved. Possibly, the presence of factors 461 

related to the structure and support systems within the dairy industry, local environment or 462 

cultural practices. For instance, questions remain about why a farmer in Tanga differs from 463 

that of Morogoro and Kilimanjaro or Njombe, despite being similar in their education and 464 

breeding practices. This points out a potential difference in infrastructure, market access, 465 

service delivery or farmer organisations. These persistent disparities highlight the critical need 466 

for locally specific strategies in improving dairy fertility outcomes and emphasise the 467 

importance of deeper investigation into what structural, institutional or management factors 468 

drive these regional patterns.  469 

 470 

 471 

 472 
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5. Conclusion 473 

The findings of this study revealed a significant association between predictor variables 474 

and the four outcome measures, with region emerging as the most influential predictor across 475 

all the outcomes, followed by herd size and experience. These results are consistent with 476 

earlier findings from this study, all of which demonstrated clear regional disparities in farmers’ 477 

demographic characteristics,  understanding of infertility issues and reproductive performance 478 

of their farms. Region had a notable impact on key reproductive outcomes such as pregnancy 479 

status and inter-calving interval. Taken together, these findings reinforce the conclusion that 480 

regional characteristics must be carefully considered when designing and implementing dairy 481 

development strategies. They also highlight targeted, region-specific interventions, rather 482 

than broad, uniform approaches to effectively address the unique challenges and realities 483 

faced by smallholder dairy farmers in different regions. Furthermore, tailored education and 484 

support on infertility awareness and herd management are essential to improving 485 

reproductive outcomes in these systems.  486 

 487 
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Chapter Seven: General Discussion  

Transformation of the smallholder dairying in Tanzania  

7.0. Introduction  

Smallholder dairy farming plays a crucial role in enhancing livelihoods, improving 

human nutrition and promoting rural development in developing countries such as Tanzania 

(McDermott et al., 2010). Smallholder dairy farming in Tanzania, however, remains 

underdeveloped, and is characterised by low-input/low-tech and low-output systems 

(Hemme & Otte, 2010; Maleko et al., 2018a) that result in low productivity (Brett, 2019). 

This thesis has generally aimed at providing a research base to underpin the transformation 

of the Tanzanian dairy industry by better understanding the impact of farmers’ 

demographics upon dairy production, together with key constraints and herd reproductive 

performance status. It also considers how the results of the present research might be used 

to guide the transformation of smallholder dairy farming.  

7.1. The purpose of the thesis 

The thesis has aimed to understand the Tanzanian smallholder dairy industry, 

including its current performance, challenges and potential. Specifically, it has aimed to 

assess the demographics of smallholder dairy cattle farms and their farmers, with a focus on 

the major constraints in farming and breeding practices. A key focus of this has been to 

examine farmers' understanding of issues related to dairy cattle infertility on their farms 

and to assess the current reproductive performance of their cattle. To fulfil the latter 

objective, the thesis has also aimed to develop a simple, effective, and efficient method for 

assessing the reproductive performance of dairy cattle, particularly in smallholder dairy 

farming.  

7.2. Current vision and opportunities 

 The vision for smallholder dairying in Tanzania is to transition from its current 

subsistence system, in which most milk is produced for household consumption with a small 

surplus sold locally, to a more commercial, market-oriented and sustainable sector (Njombe 

et al., 2011; Michael et al., 2018; Mbwambo et al., 2019). This will involve making dairying 

the primary source of income for farmers, rather than a supplementary activity. This goal 

could be achieved by addressing key challenges that affect Tanzanian farmers, and by 
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adopting successful models for the development of smallholder farming from around the 

world. There are positive trends towards this goal among Tanzanian smallholder farmers 

who participated in the present study: for example, the demographics of dairy farmers are 

changing, with greater involvement of younger individuals and those with formal education 

than in the past, such that 21% of farmers are under 40 years old, and 93% have formal 

education. In some regions, such as Morogoro, 68% of smallholder dairy farmers have more 

than a primary education, including secondary, college, or even university levels. This helps 

farmers adapt more easily to new practices and technologies, showing increased awareness 

and investment in the sector. Most importantly, for many farmers, dairying is increasingly 

viewed not just as a way to ensure household food security but also as a key income source, 

with many households now prioritising it as their main economic activity. Thus, 77% of 

respondents considered themselves to be full-time dairy farmers, and 84% depended on 

dairying as their primary source of income. This indicates a growing reliance on smallholder 

dairy cattle farming compared to previous reports, in which only 56% (Kashoma & Ngou, 

2023) or 32% (Swai et al., 2014) of respondents reported it as their primary source of 

income.   

7.3. Understanding the realities of farmers across the study regions 

 Acknowledging and integrating farmers’ existing practices in policy-making is crucial, 

and incorporation of this ‘bottom up’ approach into policy is far more likely to succeed than 

relying solely on top-down expectations (Makate & Mango, 2017; Phakathi & Sinyolo, 2025). 

This allows for more effective and sustainable ‘bottom-up’ farming polices, which empower 

farmers to contribute their practical, context-specific insights to policy, which boosts the 

relevance and likelihood of the adoption of such policy (Fujisawa et al., 2015; Ahikiriza et al., 

2021). Considering the diversity in locality, farm sizes and the market for milk, as well as the 

effects of poor fertility and/or reproductive performance of herds, along with other 

management constraints, these factors could guide the development of sustainable and 

transformative policies. For example, farmers in Mbeya and Tanga have a proper and 

sustainable milk market (i.e. due to the existence of a farmers' union in the area), which 

suggests that it would be easier to disseminate new technology among farmers in those two 

regions, as they have a single umbrella organisation that brings them together. In contrast, 

those in other regions are more isolated. On the other hand, although farmers in Mbeya 
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have a common umbrella (UTAMBUZI union), there is limited use of AI technology (i.e. the 

majority use bulls for breeding), primarily because of the unavailability of an AI service, 

along with its inefficiency, which has led farmers to abandon the technology (as previously 

reported Kanuya et al. (2014); Mwanga et al. (2019); Kashoma & Ngou (2023)). Therefore, 

consideration of such regional differences by dairy development stakeholders is crucial for 

improving smallholder dairy farming, as it enables tailoring interventions to farmers’ specific 

needs rather than relying on one-size-fits-all solutions (Ahikiriza et al., 2021; Habanabakize 

et al., 2022).   

7.4. Farmers’ knowledge of animal sourcing, production constraints and breeding 

practices 

The understanding of smallholder dairy cattle farmers regarding issues related to 

herd management, particularly infertility and reproductive performance, is fragmented 

across the study regions. The findings of the present study highlight that the most common 

source of cattle in their herds was cash purchase, except for the farmers from Mbeya, 

where gifts from relatives or friends were the predominant source. However, these 

purchased animals are often brought in with minimal records on reproductive health, as the 

preferred feature for purchase is current milk production. This could mean that the newly 

purchased animals have reproductive health issues, which is also attested by another 

finding of this study that repeat breeding and failure to produce a calf in a year are deemed 

to be the most impactful limitations on infertility. Purchasing animals from unknown or 

unregulated sources risks introducing fertility or health problems into herds, either in terms 

of acquiring individual infertile animals or bringing in animals with infectious diseases that 

affect fertility. Furthermore, relying on gifts may limit access to improved genetics and/or 

continuation of informal selection resulting in poor productivity, as the gifted animals are 

often chosen based on availability or social factors (with little or no selection pressure) and 

not productivity traits (Okeyo et al., 2015; Nyamushamba et al., 2017). Therefore, education 

has to be provided to the farmers on the prudent sourcing of dairy cattle, emphasising the 

need for guidance on safe and strategic cattle acquisition to support herd performance and 

sustainability: indigenous techniques for animal selection have to be properly guided and 

supplemented with modern methods for improvement of their genetics and production 

(Okeyo et al., 2015; Nyamushamba et al., 2017; Karen et al., 2019; Bulcha et al., 2022).  
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Secondly, the findings demonstrate a huge shift in primary concerns over limitations 

of productivity from the animal health-related constraints that were formerly dominant 

(Kusiluka et al., 2006; Kivaria et al., 2006b) towards more management-related ones, such 

as input cost and the unavailability of enough land and animal feeds. As an example, the 

practice of delayed post-calving breeding is commonplace amongst some farmers whose 

aspiration is to increase milk production amount per lactation by extending the lactation 

length. Delayed breeding also occurs as most farmers plan to program their cows to lactate 

during the dry season, as the rainy season is always flooded with milk from the traditional 

keepers, hence a price drop (Schooman & Swai, 2011).  

In high-producing cows (≥45 L/d) in developed countries, a delayed post-calving 

breeding period, or an extended VWP, can contribute to overall profitability (Mecıtoglu, 

2022), and extending the calving interval and increasing milking frequency can contribute to 

higher milk outputs (Österman & Bertilsson, 2003). Also, an extended VWP is associated 

with a greater chance of the onset of regular ovarian cycles (Ma et al., 2022). However, while 

extending VWP has these benefits, it may also lead to a decline in milk production once the 

extended period concludes (Ma et al., 2022). Further, when a cow remains non-pregnant for 

a longer time, the chances of being culled increase, whilst the value of its pregnancy is 

higher in early lactation compared to those that conceive later in lactation (Vries, 2006). The 

present study did not investigate the impact of extended lactation during the dry season; 

however, because smallholder dairy farming is predominantly a low-input and low-output 

one (Brett, 2019), with unreliable feed sources during the dry season (Maleko et al., 2016; 

2018b). It was probably for that reason that the present study found that repeat breeding 

and failure to produce a calf in a year were the conditions most widely perceived to affect 

fertility, probably also showing that breeding is undertaken during the wrong season.  

However, further study is needed to investigate the role of feeding as a limiter of 

smallholder dairy farming. It had been intended to investigate feed supplies, along with 

along with estimations of blood protein and energy metabolites, as part of this thesis; 

however, this was thwarted as there were no laboratories for such analysis because of the 

COVID-19 pandemic (most of the laboratories. in Tanzania, ILRI labs in Kenya and Ethiopia, 

and South Africa, were yet to resume their operations after the COVID-19 pandemic). 

Nonetheless, zero grazing or ‘cut-and-carry’, where forages were harvested daily and 
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brought to the cattle in their shelter, was the most common feeding mode under the zero-

grazing system. Similar findings have been reported previously (Urio, 1986; Swai & 

Karimuribo, 2011); namely, that ‘cut-and-carry’ uses natural pastures, with fresh forages 

being obtained from roadsides, highways, and non-cultivated areas such as communal 

lands, uncultivated fields, communal swamp areas and communal grazing areas.  In the 

present study, tethering animals at pasture was the predominant feeding system in Mbeya 

(68% of farmers). This could be attributed to the longer periods in the Mbeya region 

(Busokelo district in particular) when grazing is available, since the area is a cooler highland 

area (770 to 2865 metres above sea level), which receives 1500 to 2700 mm rainfall per year 

(Nyunza & Mwakaje, 2012; Makala, 2017). Therefore, focusing on the regional differences 

while planning for pasture improvements and management is necessary for developing 

region-specific strategies for smallholder farming.  

7.5. Determination of herd reproductive performance indicators 

Sustainable management and prosperity of dairy farms are necessary for efficient 

reproductive performance (Vries, 2006). Smallholder dairy cattle farming has poor 

performance in terms of both yields and reproductive efficiency (Kanuya et al., 1997; 

Kanuya et al., 2000; Lyimo et al., 2004; Swai et al., 2007; Chenyambuga & Mseleko, 2009; 

Shalloo et al., 2014; Allan et al., 2024), as also highlighted by the present study: i.e. the 

performance of smallholder dairy cattle farmers in the study regions was poor in terms of all 

the indicators that were evaluated (inter-calving interval (ICI), calving to first service interval 

(CFSI), first service to conception interval (FSCI), calving to conception interval (CCI) and 

pregnancy status). The proportion of animal records available for interval-based 

reproductive performance indicators, i.e. ICI, CFSI, CCI and FSCI, was small, and, overall, the 

records were of limited reliability. For example, over 70% of animals appeared to have a 

FSCI of zero, which would actually mean that they all conceived after the first service, which 

is not true; instead, record-keeping was not properly practiced by the farmers. This is very 

unfortunate because these indices are the simplest measures for assessing reproductive 

performance, as they do not require skilled personnel to establish them. However, poor 

record keeping seems to have been an obstacle for the effective determination of 

reproductive performance in Tanzania for over 20 years (Kanuya et al., 1997). By contrast, in 

the present study, direct determination of pregnancy status (i.e. pregnancy diagnosis) was 
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found to be a reliable indicator for determining the reproductive performance of 

smallholder dairy cattle. Across the regions, the overall proportion of pregnant animals was 

46%, with Mbeya and Morogoro leading with 55% and 52% of their animals (i.e. cows and 

heifers) being pregnant. Also, Morogoro had the highest proportion of pregnant cows (53%), 

whilst Mbeya had the highest proportion of heifers (53%) that were pregnant. Interestingly, 

during the farm visits, it was noted that some farmers had pregnant cows/heifers that were 

not born and raised on the farm but had been purchased and brought in from other farms 

from within or outside the country. Some of these heifers were bought while pregnant, 

while others were bought in and later conceived on the farm. This study did not establish 

the proportion of on-farm and bought-in pregnant animals. Given that pregnancy rates 

achieved on smallholder farms are generally relatively low, it would be worthwhile 

investigating both the source of bought-in pregnant animals, and the proportion of each 

herd that such animals represent. Data from Malawi, where reproductive efficiency is of a 

similarly low level to that found in the present study (Banda et al., 2012) suggests that, as 

reproductive efficiency is too low to sustain the necessary herd replacement rate, the 

purchase of pregnant animals is essential to maintain herd size. It would be interesting to 

determine whether similar considerations pertain to the acquisition of pregnant animals by 

the farmers in the present study.  

Since pregnancy status was the most reliable indicator of reproductive performance, 

this study recommends the utilisation of direct pregnancy diagnosis (PD) for the time being, 

while the record-keeping systems are being improved. However, for this method to be 

widely utilised, there would need to be a larger pool of people who are competent in 

pregnancy diagnosis than is presently the case (i.e. due to a lack of veterinary or 

paraprofessional personnel). Hence, to implement a widespread PD program, a program for 

capacity-building, perhaps based upon on AI technicians (as well as livestock field officers 

and veterinarians) developing their pregnancy diagnosis skills. Additional equipment, 

notably for ultrasound scanning, would enhance the efficiency and accuracy of diagnosis. 

Additionally, the government and stakeholders might even consider leveraging veterinary 

students during their internship periods. By coordinating with the Sokoine University of 

Agriculture, a structured placement program might be implemented to deploy interns to 

areas with high demand for AI services and other livestock health management demands 
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throughout the country. Supporting these students to remain in the field for the entire 

internship duration would enhance AI service delivery and sustainability in underserved 

regions. Studies from both veterinary (Posey et al., 2012; Berrada et al., 2024) and medical 

(Brodribb et al., 2016; Makate et al., 2021; Seal et al., 2022; McGrail et al., 2023) profession 

have shown that, high quality rural placement of students increases their chances of staying 

in the field after their graduation (Seal et al., 2022; McGrail et al., 2023). Other studies 

showed that students who were trained in dairy internships were more likely to accept 

dairy-related practice in the USA (Morin et al., 2020). Also, undergraduate rural placements 

influence the future (postgraduate) studies of a student (Williamson et al., 2012). Therefore, 

placement of veterinary students could not only help to resolve the problem of insufficient 

number of veterinarians in the rural areas but also should increase the number of private 

veterinarians wanting to practice in the rural areas.  

The present study also evaluated the influence of farmers’ demographics and farm 

characteristics on various outcome variables via multivariable analysis. The predictors herd 

size and farmers’ experience were notably influential, with both showing clear associations 

with more than two reproductive outcome variables. Smaller herd sizes were associated 

with poorer recognition of infertility signs and poorer pregnancy rates: a finding that would 

be largely as expected, i.e. smaller hers have been associated with poor technical efficiency 

(Bravo-Ureta & Pinheiro, 1997) and may result into farm losses (Dairy_Farmer, 2023). 

Interestingly, however, less experienced farmers had better recognition of infertility signs 

and increased pregnancy rates. Perhaps, in this context, ‘experience’ could be a proxy for 

attributes such as youth, enthusiasm and education, which may be lacking in older or less 

educated farmers. Further, cows whose owners considered repeat breeding as a major or 

moderate constraint on their farms had shorter ICI than those who considered that it had a 

negligible impact.  

Of all the predictors, the region where a farmer is located had an impact on almost all 

of the selected reproductive outcomes, indicating the presence of strong regional disparities 

in reproductive outcomes, which were likely to reflect broader structural, environmental or 

institutional differences across regions. These findings underline the importance of context-

specific approaches, particularly regionally-tailored interventions (rather than uniform 

solutions to specific challenges), in enhancing reproductive performance among smallholder 
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dairy systems in Tanzania. Some earlier studies in Tanzania also emphasised that the 

regional context significantly influenced smallholder dairy farmers’ knowledge and their 

adoption of reproductive management practices (Swai & Karimuribo, 2011; Kashoma & 

Ngou, 2023). Similar trends have been observed in a broader East African context (e.g. 

Lobago et al. (2006) and Birhanu & Samson (2021) (Ethiopia), and Bebe et al. (2003) 

(Kenya)). Furthermore, smallholder dairy farmers’ awareness of reproductive disorders and 

overall cattle fertility performance have also been shown to vary  substantially by location. 

Mwanga et al. (2019), who detailed variations in breeding decisions in smallholder dairy 

farmers across different sub-Saharan countries (Ethiopia, Kenya, Tanzania and Uganda), also 

reflected that Tanzania farmers are more likely to use bull service over AI. Also, in Malawi 

only 55% of farmers use AI, and only 39% in farms away from the national semen centre 

(Banda et al., 2012); a close reflection of the situation in Tanzania 

7.6. Upscaling smallholder dairy cattle farming in Tanzania 

The present study results highlight that most of the herds are relatively small, such 

that >70% of the herds have ≤7 dairy cattle per farm. The study also highlights that farms 

with smaller herds have poor reproductive performance (i.e. lower pregnancy rates). There 

is relatively little comparative literature on the relationship between herd size and fertility in 

smallholder farms, although a positive relationship between herd size and fertility in 

medium-to-large scale dairy herds is well established (Löf et al., 2007; Jago & Berry, 2011) 

(although, noting that reproductive performance is commonly lower in very large herds, i.e. 

lower calving rates (Fahey et al., 2002), increased number inseminations per conception (Löf 

et al., 2007), longer ICI and open days (El-Tahawy, 2017)).  

Most farmers in the present study considered that dairy farming was a good source of 

household cash flow; a similar finding coming from Swaziland, where smallholder dairying 

has been found to be profitable at the household level (Masuku et al., 2014). However, 

smaller herds often result in reduced cash flow and hence financial capacity, which in turn 

narrows the farmers’ ability to invest and adopt new technologies to enhance farm 

performance (Swai & Karimuribo, 2011; Gargiulo et al., 2018). Also, a previous study in 

Tanzania reported that smallholder dairy cattle farmers are on the disadvantage side in the 

competition for milk market from the peri-urban and urban medium scale producers 

(Nyange & Mdoe, 1995). Furthermore, cows in smaller herds have been found to have 
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shorter reproductive longevity because of longer ICI (Löf et al., 2007; Banda et al., 2012). 

Therefore, for improvement of smallholder dairy farming, increasing herd size would appear 

to be an important step, as other studies have shown to have improved reproductive 

performance when herd size exceeds about 30 animals (Fahey et al., 2002; Munira et al., 

2023). Thus, as suggested by Banda et al. (2012), there are opportunities to improve 

smallholder dairy cattle reproductive performance, because ICI have been reported 

(including in this study i.e. median ICI of 468 days) to be a bit improved i.e. less than 500 

days (Chenyambuga & Mseleko, 2009).  

Farmers should be educated on the benefits of commercialising their farming, for 

example, through farmers’ unions, since it is easier for them to pull together production 

resources, which will give them power in the negotiations of the price of their products 

(Uotila & Dhanapala, 1994; Cheelo & van der Merwe, 2021; Kanire et al., 2024). Additionally, 

when farmers are together, it encourages other stakeholders to build their interest in 

investing. For example, it is easier to persuade financial institutions (like the newly 

established Tanzania Cooperative Bank) to support by providing loans to the community 

union members rather than to individuals. A good example was observed in the present 

study, where members of CHAWAMU (in Tanga) and UTAMBUZI (in Mbeya) did not worry 

much about the availability of buyers of their milk throughout the year (though some had 

complained that the price was not reflecting the production cost). Conversely, at that same 

time, individual farmers were unsure not only of the market but also of the price. As 

mentioned earlier, most farmers from Morogoro, Kilimanjaro, and Njombe prefer to 

produce milk during the dry season due to milk shortages and hence increased prices. 

Previous studies also found that improvement of household income and profits from milk 

and its products was more commonly observed among farmers with cooperative 

membership (Gupta & Roy, 2012; Jitmun et al., 2020; Toiba et al., 2024) than when they 

operated as individuals. Furthermore, being a cooperative member increases bargaining 

power, improves credit access and facilitates technical support, training (Markelova et al., 

2009; Ma & Abdulai, 2016; Peng et al., 2022) and access to insurance services (Ma & 

Abdulai, 2016). Cooperatives also encourage farmers to unite their resources and 

experiences in exploring new markets to achieve a better price for their milk and thereby 

improve their livelihood (Chhinh et al., 2022; Israel et al., 2022). Also, collective decision-
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making is enhanced when farmers are united in the cooperatives (Du & Jiao, 2022; Olson et 

al., 2023). The beneficial role of cooperatives in training initiatives have been reported in Sri 

Lanka, aiming at promoting best practices in dairy management of various stakeholders, i.e. 

extension agents, veterinarians and farmers (Vyas et al., 2020).  

With the current herd sizes in Tanzania, it is difficult for these smallholder farmers to 

engage in dairy farming as a full-time occupation. So, most of them grow crops and keep 

other animals such as pigs, goats and chickens, with crop cultivation seeming to be the 

major household economic activity. Therefore, once herd sizes expand, farmers will be more 

engaged in dairy farming and have more time to observe their animals for various 

reproductive events. This would improve their income from dairying, via improved 

production efficiency, as previously reported in the Dominican Republic (Bravo-Ureta & 

Pinheiro, 1997) showed that technical efficiency was higher on medium-sized than small 

farms (Bravo-Ureta & Pinheiro, 1997), and because milk from larger herds is often of better 

quality (lower somatic cell count) than that from smaller herds (Oleggini et al., 2001). 

Furthermore, reduction of herd size has been reported to contribute to farm losses in a long 

run (Dairy_Farmer, 2023). The enlargement of farm sizes could be hastened by encouraging 

younger people to engage in dairy farming. For example, in Eswatini, the involvement of 

family labour (i.e. children) in farming has been shown to increase technical efficiency 

(Greyling et al., 2023). This could be attributed to the fact that younger farmers have been 

reported to have a more business-minded mindset than the more experienced ones, for 

whom dairy farming is more of a lifestyle and habit than a business (Alvåsen et al., 2018). 

Also, younger farmers tend to adopt new technology faster than older ones, as the latter 

tend to stick more to what they are used to; i.e. traditional farming practices (Adekoya & 

Ajayi, 2000; Ingabire et al., 2018). Additionally, younger farmers might be more active, 

which makes them more up-to-date with modern farming techniques, including AI. They are 

also more likely to be more actively involved in the day-to-day activities of the farm, hence 

resulting in better observation of reproductive events like heat detection as they tend to be 

more educated and modernized (Khanal, 2010; Ohashi et al., 2024). As an example, a 

previous study by Brown et al. (2019) found that social expectations have less influence on 

older farmers, who are more focused on short-term financial performance and are 

therefore less likely to adopt new technologies related to land use intensification. Older 
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farmers could be more likely to be risk-averse and want to see the benefits demonstrated, 

which will impact uptake. 

7.7. Lessons from other countries 

Strategically, Tanzania has appropriate government policies to support the 

improvement of the smallholder dairy sector. What is lacking is the willingness of the 

stakeholders to fully utilise these policies, like the livestock masterplan (Michael et al., 2018) 

and specifically the dairy development plans (Mbwambo et al., 2019). Also, as previously 

recommended by Kurwijila (1995), when milk processing is well organised (e.g. through 

cooperative organisations) and equipped with modern technology, it can hugely enhance 

farmers' access to markets, hence improved household incomes. Since smallholder farms in 

Tanzania are characterised by  smaller herds, this limits their development by reducing cash 

flow and hindering the adoption of improved technologies and practices essential for 

enhancing productivity and reproductive efficiency (Akzar et al., 2019). These challenges 

could be mitigated through the pooling of resources (e.g. by cooperative unions' 

formulation), alongside targeted training and better access to financial (e.g. micro loans) 

and technical support, which will result from increased herd size. Reports show that an 

increased herd size is associated with an increase in the adoption of technologies in Ethiopia 

(Lilian et al., 2023), Indonesia (Akzar et al., 2019; Toiba et al., 2024) and India (Abbasi & 

Nawab, 2021). Historically, even in the developed dairy farming countries like New Zealand, 

a similar process was applied, i.e. increasing the herd sizes, building small factories for 

refrigeration of butter in the 1880s (Rowarth, 2013). Currently, New Zealand dairy farmers 

are focusing on the continued improvement of feed for cows of higher breeding worth 

(Clark et al., 2007). Smallholder farmers in Tanzania are not fully utilizing micro loans due to 

various factors including limited access, others include lack of information, high interest 

rates, inadequate credit supply and collateral requirement (Girabi & Mwakaje, 2013; 

Mwampaghale & Mbogo, 2023).  

7.8. Review of the study 

This section provides a critical review of the study, focusing on the strengths and 

limitations of the study design, as well as the mitigation strategies and implications for the 

interpretation and scope of the study.  
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7.8.1. Study strengths 

One of the major strengths of this study is the incorporation of social behaviour (KAP) 

and the biological performance of the smallholder dairy farming systems. By linking farmers’ 

knowledge, attitudes, practices and demographic characteristics to reproductive 

performance indicators, the study moves beyond descriptive analysis. Additionally, the 

study offers a more comprehensive understanding of the management and performance of 

dairy cattle in resource-constrained smallholder systems. Such integration of the human and 

animal dimensions has been emphasised in livestock system research, which highlights the 

importance of social, economic and biological factors in sustainable smallholder production 

development (McDermott et al., 2010; Thornton et al., 2010). Studies on KAP related to 

livestock production and health also demonstrate the influence of farmers' behaviour and 

social demographic characteristics on management and technology adoption, particularly in 

smallholder settings (Usman et al., 2020; Kashoma & Ngou, 2023; Mbesa et al., 2024).  

This study is also strengthened by its context-specific focus on the smallholder dairy 

cattle farming system in Tanzania. A production system which somehow underrepresented 

in the practical reproductive performance research (Allan et al., 2024). This study utilised 

data collected directly from farmers operating under real-world management conditions, 

encompassing diverse environmental conditions across the country. This enhances their 

regional validity and the relevance of the findings to the farmers, livestock service providers 

and other stakeholders.  

Furthermore, this KAP survey provided a clear baseline study and hence facilitated 

comparison of the findings of this study with similar studies employing behavioural models 

in agriculture and livestock research from the region and across the globe. Such surveys are 

widely established tools for identifying behavioural bottlenecks to technology adoption and 

management improvement, especially in low and middle-income countries  where 

smallholder dairy cattle farming is in practice (Launiala, 2009; Usman et al., 2020).   

7.8.2. Study design Limitations and their mitigations 

Despite the abundant strengths of the study, there are some study design limitations 

for acknowledgement. Like, the cross-sectional nature of the study could restrict the ability 

to establish a causal relationship between KAP variables, management practices and 

reproductive performance outcomes. While associations were well identified, the temporal 
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direction of these relationships cannot be definitely determined, as both farmer behaviour 

and reproductive outcomes may be influenced by unobserved prior factors. This was not the 

case for the present study, as the intention was to establish baseline information on the 

association in steady or strong causal claims, which is consistent with other practices in such 

research (Green, 2001). 

Also,  the study relied partly on self-reported data, especially on demographics and KAP  

variables, management practices and some farm records. Such information is highly subject 

to recall bias and social desirability bias, which may result in over-reporting of desirable 

practices or under-reporting of management constraints. However, this is a well-known 

limitation of KAP-based research and behavioural surveys (Manderson & Aaby, 1992; 

Launiala, 2009). In the current study, this was mitigated by involving not only a structured 

questionnaire, but also all the interviews were conducted by one interviewer (for 

consistency). Furthermore, the same interviewer had a chance to validate what was 

reported by the farmers during rectal scanning of animals.   

Measurement of reproductive performance under smallholder systems is inherently 

challenging. This is because of poor record-keeping and reliance on farmer recall for key 

events, such as calving dates and insemination dates. This may result in measurement errors 

that potentially attenuate observed associations between management and reproductive 

outcomes. The current study proposes the use of pregnancy diagnosis as an appropriate 

measure of reproductive performance under smallholder farming systems. Pregnancy 

diagnosis reduces reliance on farm records, which are not well-documented in the system.  

Although the geographic scope and sample size of the study may limit the direct 

generalizability of findings beyond similar smallholder systems within Tanzania or East 

Africa. This was mitigated by the study’s multi-regional design. Data were collected from the 

six key dairy-producing regions of Tanzania. For example, Morogoro and Tanga represent 

the coastal and sub-humid lowland systems, Mbeya represents high rainfall and hilly 

environments, while Kilimanjaro, Njombe and Arusha represent cooler highlands and 

mountainous dairy-producing systems. These regions capture a wide range of climatic, 

management and production conditions under which smallholder dairy farming is practised.   

Variations in the agro-ecological condition, access to services and institutional support 

may influence the applicability of the results to another context. This study was conducted 

in six regions representing different ecological zones, i.e. Morogoro and Tanga could 
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represent the coastal areas, while Mbeya is for hilly areas which receive more rain, and 

Kilimanjaro, Njombe and Arusha are for cold mountainous areas.  

7.9. Sample Case Studies 

A table of three case studies has been incorporated into the recommendations section 

to enhance the specificity, practical relevance and contextual grounding of the study 

findings. Each case study focuses on a distinct regional, production or demographic context 

identified in the analysis. This allows the provision of the recommendations to be translated 

into realistic, targeted management and may be policy guidance. The case study draws 

directly on the study’s observed results and reflects key contrasts observed between 

regions, production systems and farmer characteristics. By linking the reproductive 

performance outcomes with KAP and demographic findings for each context, the boxed case 

studies demonstrate how different combinations of constraints and opportunities shape 

reproductive efficiency in practice.  
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Context Key challenge Targeted recommendations Expected outputs 

Case 1: Mbeya region 

• Smallholder dairy farming in the region 

operates under relatively high rainfall 

and cool highland conditions. 

• Other features include good forage 

availability (tethering predominates) 

with limited access to breeding (AI) and 

veterinary services at large.  

• Inadequate record-keeping 

(85% had zero FSCI). 

• Limited access to AI service 

(bull breeding predominates). 

• Inadequate oestrus detection. 

• Farmers training on oestrous 

detection and the importance 

of AI over bull breeding 

through extension services 

and model farms.  

• Promotion of simple record 

keeping tool, i.e. wall charts 

and using phones (apps). 

• Improve the availability and 

efficiency of the AI service  

• Improving farmers' 

understanding of oestrous 

detection and better 

breeding by exploiting AI will 

improve their animals and 

allow better use of the 

favourable feed conditions 

available in the region.  

Case 2: Morogoro and Tanga regions 

• These two regions represent warmer, 

semi-humid and coastal smallholder 

dairy systems with great feed 

fluctuation seasonally and heat stress 

being a common phenomenon. 

• This study found that these regions had 

• Huge seasonal feed shortages 

(longer dry and hot seasons).  

• Inadequate farm record 

keeping 

• Inadequate initiatives to 

improve nutrition (too much 

• Promotion of dry season 

feed conservation (hay, 

silage and crop residues, i.e. 

rice straws).  

• Farmers training on nutrition 

and pasture farm startups. 

• Improving nutrition around 

breeding will enhance 

ovulation and hence 

conception and regular 

calving. 
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larger herd sizes (could be triggered by 

market availability, i.e. closer to Dar Es 

Salaam) 

dependency on natural 

forages). 

• Inadequate record keeping. 

• Encourage use of affordable 

energy and protein 

supplements around 

breeding and early lactation.   

Case 3: Kilimanjaro, Njombe and Arusha 

• These are cooler highland regions 

characterised by higher use of 

improved breeds under intensive 

management.  

• In this study, while these regions had 

higher milk yields had poor 

reproductive performance.  

• Limited understanding on 

nutritional needs of high-

grade cows. 

• Limited knowledge on 

infertility issues associated 

with high milk production. 

• Inadequate record keeping 

and reproductive health 

monitoring. 

• Improvements should align 

with farmers' management 

capacity 

• Improve farmers' knowledge 

on reproductive health  

• Strengthen the coverage of 

veterinary and reproductive 

health services. 

• Aligning breed choice and 

management will improve 

lifetime reproductive 

efficiency. 

 

229



 

7.10. Further research 

This study recommends further research to better understand the underlying 

reasons behind the observed regional differences. Specifically:  

➢ Qualitative studies are needed to explore how and why farming practices, knowledge, 

constraints and reproductive performance differ across regions. Such information will 

provide a valuable context to supplement the quantitative findings.  

➢ Primary research on the nutritional status of smallholder dairy cattle, focusing on the 

analysis of the nutritional value of the commonly used feeds, particularly their energy 

and protein content. This could usefully be undertaken alongside the evaluation of 

animals’ corresponding blood metabolites to evaluate the actual nutrient uptake and 

utilisation in the animals.  

➢ A longitudinal study to track the changes over time while monitoring seasonal 

transitions, management responses and reproductive performance trends. This will 

further deepen the understanding of how farmers adopt and cope with environmental 

and resource challenges throughout the year. 

7.11. Conclusion and recommendations 

In conclusion, this study, which is the first comprehensive cross-regional study of 

Tanzanian dairy farming, has found that the fertility of smallholder dairy cattle is generally 

poor. This infertility appears to be the result of various factors, including farmer 

demographics and farm characteristics, and farmers’ specific understanding of issues 

related to infertility and poor management, particularly including poor farm record keeping.   

The key recommendations emanating from the findings of this thesis for the 

development of smallholder dairy cattle farming are:  

➢ Differences between regions are significant and should not be overlooked in the 

creation of policy or practices for improving dairy farming. 

➢ Provision of farmers' education and training on proper farming practice, focusing on 

oestrus detection, reproductive health and timing of breeding, alongside broadening 

their knowledge on issues related to dairy cattle infertility, including its causes and 

prevention. This could be achieved by having a Training Board structured to provide 
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short, practical and hands-on training courses targeting not only farmers but also 

farm workers. 

➢ Improvement in record keeping, i.e. support and encouragement should be provided 

to smallholder dairy cattle farmers on simple ways of keeping farm records (e.g. the 

use of record books or improvisation of digital technologies (such as apps)). This 

would not only help them know the progress of their herds, but would also improve 

the tracking of health, breeding and calving events happening on their farms.  

In this regard, it is important to note the results of the whole herd pregnancy testing, 

which was a far more reliable indicator of herd fertility status than were any of the 

available records. Hence  at the present time, while awaiting the improvement of 

farm record keeping systems, the best recommended way to determine 

reproductive performance in smallholder dairy cattle farming in Tanzania is through 

the determination of pregnancy status. The personnel and infrastructure 

requirements to implement this recommendation were discussed above.  

➢ Promoting veterinary extension services through expansion of outreaches, 

particularly stressing the contribution of poor health and management to infertility, 

alongside offering a timely reproductive health service.  

➢ Improvement of the overall husbandry practices, with a strong focus upon 

improvement of nutrition and housing. Poor nutrition is generally the limiting factor 

to dairy production in developing countries, especially where, as in Tanzania, there is 

inadequate on farm feed reliability and/or conservation to enable cows to lactate in 

and through the dry season (Maleko et al., 2016).  

➢ Improving AI service delivery and pregnancy diagnosis (PD) could be a key step 

towards the better reproductive performance in smallholder dairy herds. For 

instance, timely AI will increase conception rates while early PD (between 28 to 35 

days of post services) allows rebreeding and hence shortening the ICI.  

➢ Encouraging farmers to create/join farmers’ cooperative organisations, as this will 

allow them to pool their resources together and hence have power while negotiating 

for prices, not only for their products, but also for inputs. Also, membership in such 

initiatives facilitates access to credit from the financial institutions. It is also through 

cooperatives starting up small milk processing factories (i.e. for refrigerated milk, 
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butter and cheese) that herd management will be easier than being an individual 

farmer.  

Implementation of all these should consider the regional variations to ensure their 

relevance and effectiveness. Finally, the dairy farming sector in Tanzania is entering a key 

development phase, and the insights from the present study should provide a valuable 

underpinning to that development.   
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Appendix One 

Dairy Cattle Infertility Survey Questionnaire 

Consent Statement  

1. English version 

KAP SURVEY – Smallholder Dairy Cattle Infertility  

INTRODUCTION 

Hello, my name is Athanas Ngou, a PhD student from Massey University. I am 

conducting a study to better understand infertility in dairy cattle and how smallholder dairy 

farmers perceive and manage this issue. I would like to ask you a few questions about your 

knowledge, attitudes, and practices (KAP) regarding dairy cattle infertility. This survey will 

take approximately 30 minutes to complete. It is confidential, i.e. your name and address 

will only be recorded for possible future follow-up but will not be linked to your responses. 

Participation is entirely voluntary. You may choose to skip any question or stop the 

interview at any time without penalty. 

Do you agree to participate in this survey? 

☐ Yes  ☐ No 

(If “No”, please stop the interview. End of survey) 

PURPOSE OF THE SURVEY 

The purpose of this KAP survey is to assess how smallholder dairy farmers 

understand and respond to dairy cattle infertility. The study aims to identify knowledge 

gaps, attitudes, and on-farm practices related to infertility, and to explore how farmers 

protect their animals from infertility-related risks. The information collected will help guide 

future education and intervention efforts. Once the findings are available, we plan to use 

them to inform community discussions and share results with key stakeholders such as the 

Ministry of Livestock and Fisheries Development, community leaders, and farmer groups. 

Our goal is to support positive changes in dairy management and improve reproductive 

performance in smallholder dairy herds. 
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2. Kiswahili version 

DODOSO LA KAP – Ugumba/Utasa kwa Ng’ombe wa Maziwa wa Wafugaji Wadogo 

UTANGULIZI 

Habari! Jina langu ni Athanas Ngou, mwanafunzi wa Shahada ya Uzamivu (PhD) 

kutoka Chuo Kikuu cha Massey, New Zealand. Ninafanya utafiti ili kuelewa vizuri tatizo la 

ugumba/utasa kwa ng’ombe wa maziwa, na namna wafugaji wadogo wanavyolielewa na 

kulikabili. Ningependa kukuuliza maswali machache kuhusu uelewa, mtazamo na mienendo 

yako (KAP) kuhusu ugumba/utasa wa ng’ombe wa maziwa. Dodoso hili litachukua takribani 

dakika 30 kukamilika. Maelezo yako yatabaki kuwa ya siri – jina na anwani yako zitatumika 

kwa ajili ya ufuatiliaji wa baadaye tu, lakini hayatatajwishwa pamoja na majibu yako. Ushiriki 

wako ni wa hiari kabisa. Unaweza kuamua kutojibu swali lolote au kusitisha ushiriki wakati 

wowote bila madhara yoyote. 

Je, unakubali kushiriki katika dodoso hili? 

☐ Ndiyo    ☐ Hapana 

(Kama jibu ni “Hapana”, tafadhali sitisha mahojiano. Mwisho wa dodoso) 

 

LENGO LA DODOSO 

Lengo la dodoso hili ni kutathmini namna wafugaji wadogo wa ng’ombe wa maziwa 

wanavyoelewa na kushughulikia tatizo la ugumba/utasa kwa ng’ombe. Utafiti huu unalenga 

kubaini pengo la maarifa, mitazamo, na tabia zinazofanyika shambani kuhusu 

ugumba/utasa, pamoja na kuchunguza jinsi wafugaji wanavyolinda mifugo yao dhidi ya 

athari za ugumba/utasa. Taarifa zitakazokusanywa zitatumika kuelekeza juhudi za mafunzo 

na uingiliaji wa kisera kwa siku za mbele. Mara matokeo yatakapopatikana, tutayatumia 

kuanzisha majadiliano ya kijamii, na kuyawasilisha kwa wadau muhimu kama vile Wizara ya 

Mifugo na Uvuvi, viongozi wa jamii, na vikundi vya wafugaji. Lengo kuu ni kuchochea 

mabadiliko chanya katika usimamizi wa ng’ombe wa maziwa na kuboresha uzazi katika 

mashamba ya wafugaji wadogo. 
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Section A: Farmer demographics (Please check the box of your preferred answer) 
1. Who is the head of the family? 

a) ☐Father 

b) ☐Mother  

c) ☐Other 

2. Please specify if you have selected other. ………………………… 

3. What is the type of your family? 

a) ☐Monogamy 

b) ☐Polygamy 

c) ☐Single parent 

d) ☐Widow  

e) ☐Widower 

f) ☐Single 

4. Are you the sole person responsible for making decision on-farm management?  

a) ☐Yes 

b) ☐No 

Section B: Farming information 
5. What is the size of your farm size (number of cattle)? 

a) ☐1-2 cattle  

b) ☐3-4 cattle 

c) ☐5-6 cattle 

d) ☐7-8 cattle 

e) ☐9-10 cattle 

f) ☐≥10 cattle

6. How many people are looking after the animals? …………… 

7. Please specify the details of all the people looking after animals 

 

S/N 

Name Sex 

(M/F) 

Age 

(years) 

Duty/position 
(Father, 

Mother, Child 

Relative, 

Employee) 

Family 

/Employee 

Involvement 

(Part/ 

Full-time) 

Experience 

(months/years) 

Highest education 

(STD 7, O – Level, A – 

Level, College, University 

or No formal education) 

         

         

         

 

8. How long have you been in the dairy industry? 

a) ☐0< 1 year 

b) ☐1-5 years 

c) ☐5-10years 

d) ☐10-15 years 

e) ☐>15 years 

9. What was the source of your first dairy cow? 

a) ☐Cash purchase. 

b) ☐Gift from relatives or 

friends. 

c) ☐NGO/government schemes, 

i.e. HIT. 

d) ☐Commercial banks 

e) ☐Home bred. 

f) ☐Home bred + purchase. 

g) ☐Others 

10. Please specify if you have selected other. …………………………….. 

11. Is dairy farming your primary source of income?  

a) ☐Yes 

b) ☐No 
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12. If the answer above is No, what other sources of income do you have? (Please circle the 

preferred answer) 

Income Source Major Moderate Minor Not at all 

Crop farming 1 2 3 4 

Business  1 2 3 4 

Employment  1 2 3 4 

13. Do you have other animal species on the farm? 

a) ☐Yes  

b) ☐No 
14. If yes, name them, please: ………….………… 

15. Which dairy breeds do you have? 

a) ☐Friesian 

b) ☐Jersey 

c) ☐Ayrshire 

d) ☐Crosses 

e) ☐Others

16. Please list other breeds present in your farm. ……………………………………… 

17. Composition of the cattle on the farm (please write their number) 

Category Number 

Cows  

Heifers  

Bulls  

Others (please specify):  

18. How do you milk your cows? 

a) ☐Hand milking 

b) ☐Machine 

c) ☐Both 

d) ☐Not started

19. How many calves do you expect per year? ……………… 

20. At what age do you wean your calves? 

a) ☐2 months 

b) ☐3 months 

c) ☐Four months 

d) ☐≥ 5 months 

e) ☐Never had one 

21. Have you ever attended a course on dairy farming (husbandry and disease control)? 

a) ☐Yes 

b) ☐No  

22. If yes, when was the training conducted? 

a) ☐<1 year ago 

b) ☐1-2 years ago 

c) ☐3-4 years ago 

d) ☐5 years ago 

e) ☐>5 years ago  
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23. Can you rank the general constraints of dairy farming? (Please circle the preferred answer) 

Constraint Very highly 

significant 

Important Moderate Minor Of little 

importance 

Not at 

all 

Unavailability of feeds (quantity and 

quality) 

1 2 3 4 5 6 

Lack of money to buy inputs   1 2 3 4 5 6 

Lack of enough land   1 2 3 4 5 6 

Unpredictable milk market 1 2 3 4 5 6 

Diseases 1 2 3 4 5 6 

Unavailability of breeding service (bulls/AI) 1 2 3 4 5 6 

High cost of inputs 1 2 3 4 5 6 

Section C. Breeding practice and heat detection 
24. Do you have any cattle breed preference? 

a) ☐Yes  

b) ☐No  

25. If yes, please list your priorities.  …………………

26. Which features do you consider while selecting a breed? (Please circle the preferred answer) 

Feature Strongly agree Agree Neutral Disagree Strongly disagree 

Milk production 1 2 3 4 5 

Disease resistance 1 2 3 4 5 

Body size (Small or large) 1 2 3 4 5 

Easy handling  1 2 3 4 5 

Easy to conceive 1 2 3 4 5 

27. Which breeding method do you use in your farm? 

a) ☐Natural service 

b) ☐Artificial insemination 

c) ☐Both 
28. If using natural service, who owns the bull? 

a) ☐Myself  

b) ☐Neighbours  

c) ☐Community bulls 

d) ☐Other 
29. Please specify other bull owners (if selected other in Qn 28). ………………………. 
30. If using AI, how easy do you get the service. 

a) ☐Immediately after calling the AI technicians. 

b) ☐Regularly 

c) ☐Irregular with some interruptions on weekends and holidays  

d) ☐Other 
31. Please specify, how easy to get the AI service (if selected other in Qn 30). ………………………… 
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32. How long does it take for the AI technician to arrive at your farm after requesting the 
service? 

a) ☐1 to 3 hours 

b) ☐4 to 6 hours 

c) ☐7 to 9 hours 

d) ☐10 to 12 hours 

e) ☐More than 12 hours 

33. How often do cows come on heat? 

a) ☐Every 7 days  

b) ☐Every 14 days 

c) ☐Every 21 days 

d) ☐Every 28 days 

e) ☐Don’t know. 

f) ☐Other 
34. Please specify the time. …………………………………….. 

35. Which heat signs do you normally observe before breeding your cattle? (Please circle the 

preferred answer) 

Sign Most observed Observed Sometimes observed Not observed 

Mounting others 1 2 3 4 

Stand to be mounted 1 2 3 4 

Vulva discharge 1 2 3 4 

Bellowing (noise making) 1 2 3 4 

Restless 1 2 3 4 

Sleeping 1 2 3 4 

Off fed 1 2 3 4 

Milk drop 1 2 3 4 

Other 1 2 3 4 

36.  Other heat sign observed (please list). ………………………………………… 
37. What are the constraints for successful breeding in your farm? (Please circle the preferred 

answer) 

Constraint Major Moderate Minor Not at all Never used 

Unavailability of AI service 1 2 3 4 5 

Unavailability of Bull 1 2 3 4 5 

Poor heat detection 1 2 3 4 5 

Cow not showing heat 1 2 3 4 5 

High breeding cost 1 2 3 4 5 

Bull located at far distance 1 2 3 4 5 

Other 1 2 3 4 5 

 

38. Please list other constraints for successful breeding in your farm. ………………………………… 

39. Where do you normally monitor your cows for heat detection? 

a) ☐At paddocks 

b) ☐At milking pallor  

c) ☐In house  
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40. How frequently do you monitor your cattle for heat detection? 

a) ☐Once per day 

b) ☐Twice a day  

c) ☐Once per month 

d) ☐Not checking at all 

e) ☐Other 

41. Please specify other frequency for heat observation. ………………………………………………

Section D. Farm feeding and nutrition 
42. Which cattle rearing system you are using? 

a) ☐Intensive  

b) ☐Extensive  

c) ☐Semi intensive 

d) ☐Other 

43. Please specify the other rearing system. ……………………………………………………………… 

44. What is the source(s) of feed for your cattle? (Please circle the preferred answer) 

Source of feed Major Moderate Minor Not at all 

Fodder plot at farm 1 2 3 4 

Cut fodder from outside 1 2 3 4 

Bought fodder 1 2 3 4 

Crop residues 1 2 3 4 

Natural pastures (roadside and swamp 

areas) 

1 2 3 4 

Conserved feeds (hay + silage) 1 2 3 4 

Grazing and stall feeding 1 2 3 4 

45. What are you feeding your animals during the dry/wet season? (Please check your 

preference) 

Feed type Wet season Dry season 

a)  Grasses    

b)  Concentrates    

c)  Minerals   

d)  Silage   

e)  Other   

 

46. Please specify the other type of feed. …………………………………….. 

 

47. Do you supplement your dairy cattle? 

a) ☐Yes 

b) ☐No  
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48. If yes, which supplement do you give? (Please circle the preferred answer) 

Feed supplement Major Moderate Minor Not at all 

Mineral concentrate 1 2 3 4 

Energy concentrate 1 2 3 4 

Protein concentrate 1 2 3 4 

Other 1 2 3 4 

  

49. What is the source of concentrate you feed your animals? (Please circle the preferred 

answer) 

Source Major Moderate Minor Not at all 

Homemade / compounded at home 1 2 3 4 

Buy from vendors 1 2 3 4 

Other 1 2 3 4 

50. Please specify the other sources of concentrates. ……………………………………………… 

51. Which group of cattle do you normally supplement? (Please circle the preferred answer) 

Cattle group Strongly agree Agree Neutral Disagree  Strongly disagree 

Dry cows 1 2 3 4 5 

Lactating cows 1 2 3 4 5 

Pregnant heifers 1 2 3 4 5 

Sick cows 1 2 3 4 5 

 

Section E. Farmers knowledge and attitude on dairy cattle infertility 
52. In your opinion, which of the following statements defines infertility? (Please circle the 

preferred answer) 

Definition Correct Incorrect Not sure 

Reduced fertility 1 2 3 

Failure to produce calf per year 1 2 3 

Producing small amount of milk 1 2 3 

Abortion  1 2 3 

Retained foetal membranes 1 2 3 

Death  1 2 3 

Stillbirths 1 2 3 

Diarrhoea 1 2 3 

Purulent valvular discharges 1 2 3 

Suffering from reproductive diseases 1 2 3 
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Suffering from mastitis 1 2 3 

Dystocia  1 2 3 

Repeat breeding 1 2 3 

53. Have you ever encountered infertility in your farm?  

a) ☐Yes  

b) ☐No 

c) I don’t know. 

 

 

 

54. If yes, which have you experienced? (Please circle the preferred answer) 

Encountered infertility Major Moderate Minor Not at all 

Reduced fertility 1 2 3 4 

Failure to produce calf per year 1 2 3 4 

Producing small amount of milk 1 2 3 4 

Abortion  1 2 3 4 

Suffering from reproductive diseases 1 2 3 4 

Diarrhoea  1 2 3 4 

Suffering from mastitis 1 2 3 4 

Dystocia  1 2 3 4 

Retained foetal membranes 1 2 3 4 

Stillbirths 1 2 3 4 

Death 1 2 3 4 

Repeat breeding 1 2 3 4 

55. Do you consider infertility as a problem in your farm? 

a) ☐Yes  

b) ☐No  

56. If yes (question above), to what extent? (please circle the preferred answer) 

a) ☐Major 

b) ☒Moderate 

c) ☐Minor 

d) ☐Not at all 
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57. In your opinion, which of these are causes of infertility?  (Please circle the preferred answer) 

Cause Strongly agree Agree Neutral Disagree Strongly disagree 

Improper farm record keeping 1 2 3 4 5 

Diseases 1 2 3 4 5 

Poor nutrition and housing 1 2 3 4 5 

Poor oestrus detection 1 2 3 4 5 

Proper calf rearing 1 2 3 4 5 

Uterine infections 1 2 3 4 5 

Embryonic or foetal mortality 1 2 3 4 5 

Mycotoxins 1 2 3 4 5 

Use of pedigree bulls 1 2 3 4 5 

Improper use of hormones, i.e. PGF2α 1 2 3 4 5 

58. Which type of cattle are mostly affected by infertility? (Please circle the preferred answer) 

Cattle group Mostly Somehow Not at all 

Cows 1 2 3 

Heifers 1 2 3 

Bulls 1 2 3 

Calves 1 2 3 

    

 

59. Which breed of dairy cattle on your farm is more prone to infertility? (Please circle the 

preferred answer) 

Breed Mostly Somehow Not at all 

Friesian 1 2 3 

Ayrshire 1 2 3 

Jersey 1 2 3 

Indigenous 1 2 3 

Crossbreed 1 2 3 

60. What are the signs of infertility you normally experience in your farm? (Please circle the 

preferred answer) 

Sign Correct Incorrect Not sure 

Anoestrus 1 2 3 

Uterine infections  1 2 3 
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Diarrhoea  1 2 3 

Purulent valvular discharge 1 2 3 

Abortion  1 2 3 

Retained foetal membranes 1 2 3 

Suffering from mastitis 1 2 3 

Stillbirths  1 2 3 

Dystocia  1 2 3 

Reduced milk production 1 2 3 

Repeat breeding 1 2 3 

61. What are pre-disposing factors of infertility in dairy cattle? (Please circle the preferred 

answer) 

Factor Major Moderate Minor Not at all 

Premature breeding of heifers 1 2 3 4 

Use of incompetence AI technician 1 2 3 4 

Use of incompetence bull 1 2 3 4 

Old age  1 2 3 4 

Poor nutrition 1 2 3 4 

Lack of regular reproductive check 1 2 3 4 

62. In which season of the year, you are most likely to encounter infertility in your farm? 

a) ☐Dry season 

b) ☐Wet season 

63. What are the impacts of infertility in dairy cattle? (Please circle the preferred answer) 

Impact Major Moderate Minor Not at all 

Failure to produce calf in a year 1 2 3 4 

Increased production costs 1 2 3 4 

Fast growth  1 2 3 4 

Reduced milk production 1 2 3 4 

Culling  1 2 3 4 

Death 1 2 3 4 

64. What do you do when you have an infertile cow in your farm? 

Action Strongly agree Agree Neutral Disagree Strongly disagree 

Sell to other farmers 1 2 3 4 5 
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Slaughter the animal 1 2 3 4 5 

Treat the animal by myself 1 2 3 4 5 

Report to the veterinary service 

provider 

1 2 3 4 5 

 

Section F. Farmers practice on dairy cattle infertility 
65. Do you have veterinary service in your farm?  

a) ☐Yes 

b) ☐No 

66. If yes, who is providing the service? (Please circle the preferred answer) 

Service provider Major Moderate Minor Not at all 

Veterinarian 1 2 3 4 

Vet Paraprofessional 1 2 3 4 

Vet-paraprofessional assistant 1 2 3 4 

Community animal health worker (CAW) 1 2 3 4 

67. Which veterinary services you normally obtain from the service provider? (Please circle the 

preferred answer) 

Service  Strongly agree Agree Neutral Disagree Strongly disagree 

Disease management 1 2 3 4 5 

Reproductive health check 1 2 3 4 5 

Artificial Insemination 1 2 3 4 5 

Routine procedures, e.g. dehorning, 

deworming and hoof trimming 

1 2 3 4 5 

68. Have you ever managed infertility by using traditional method(s)? 

a) ☐Yes  

b) ☐No 

69. If yes, which traditional method(s) have you used? (Please list them). ………………………………… 

70. What do you do to prevent infertility in your farm? (Please circle the preferred answer) 

Preventive measure Strongly agree Agree Neutral Disagree Strongly disagree 

Proper farm record keeping 1 2 3 4 5 

Use of artificial insemination 1 2 3 4 5 

Routine reproductive examination 1 2 3 4 5 

Use programmed breeding, i.e. use of 

hormones 

1 2 3 4 5 

Disease prevention/control 1 2 3 4 5 
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Proper breeding programme 1 2 3 4 5 

Proper feeding 1 2 3 4 5 

Section G: Farm address 
1. Farm no: …………………………. 

2. Farm/ owner name: ………………………………. 

3. Physical address: 

• Region: …………………………………………………… 

• District: …………………………………………………… 

• Ward: ……………………………………………………… 

• Village/street: ………………………………………… 

4. Mobile number: ………………………………………...…… 

5. Location: 

• Latitude (x. y °) 

• Longitude (x. y °) 

• Altitude (m) 

• Accuracy (m) 

6. WhatsApp no: ……………………………………  

7. Email: ……………………………………...…………. 

8. Location (GPS): …………………………………………… 

THANK YOU 

END OF SURVEY 
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