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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.  
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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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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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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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(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 
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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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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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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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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 

 

50



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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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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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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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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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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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 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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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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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) 

107



 

 

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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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 

112



 

 

 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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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 

118



 

 

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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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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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.
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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)
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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.  

 

158



mailto:angou@massey.ac.nz
mailto:athanasngou@sua.ac.tz










https://darppon.en.alibaba.com/index.html?spm=a2700.details.0.0.72556243Zj7dnr&from=detail&productId=1600091219139






































https://doi.org/10.1007/s11250-024-04074-z
https://doi.org/10.1093/af/vfab001
https://blogs.worldbank.org/en/voices/new-way-boost-smallholder-dairy-productivity-tanzania
https://blogs.worldbank.org/en/voices/new-way-boost-smallholder-dairy-productivity-tanzania
https://doi.org/https:/doi.org/10.1136/vr.131.10.209
https://doi.org/10.3168/jds.2010-3790
https://doi.org/https:/doi.org/10.1016/S0167-5877(00)00134-3
https://doi.org/10.1016/j.theriogenology.2005.10.016


https://www.thecitizen.co.tz/tanzania/news/national/milk-self-sufficiency-tanzania-requires-nine-billion-litres--4225090
https://www.thecitizen.co.tz/tanzania/news/national/milk-self-sufficiency-tanzania-requires-nine-billion-litres--4225090
https://doi.org/10.1007/s11250-006-4328-1
https://doi.org/10.1007/s11250-006-4328-1
https://doi.org/10.1016/j.anireprosci.2022.107046
http://hdl.handle.net/10625/12343
https://www.bunge.go.tz/uploads/budgetspeeches/1715697161-Hotuba_ya_Bajeti_ya_Wizara_ya_Mifugo_na_Uvuvi_kwa_Mwaka_wa_Fedha_2024_2025.pdf
https://www.bunge.go.tz/uploads/budgetspeeches/1715697161-Hotuba_ya_Bajeti_ya_Wizara_ya_Mifugo_na_Uvuvi_kwa_Mwaka_wa_Fedha_2024_2025.pdf
https://www.bunge.go.tz/uploads/budgetspeeches/1715697161-Hotuba_ya_Bajeti_ya_Wizara_ya_Mifugo_na_Uvuvi_kwa_Mwaka_wa_Fedha_2024_2025.pdf
https://doi.org/https:/doi.org/https:/doi.org/10.21203/rs.3.rs-4993873/v1
https://doi.org/http:/dx.doi.org/10.5455/ijlr.20150316053842
https://doi.org/https:/doi.org/10.3168/jds.S0022-0302(98)75755-8


https://doi.org/10.1017/S1751731114000615
https://doi.org/http:/www.lrrd.org/lrrd19/5/swai19061.htm
https://doi.org/10.1186/s12917-022-03325-1
https://doi.org/10.3168/jds.S0022-0302(82)82223-6
https://www.worldbank.org/en/news/feature/2024/06/26/tanzania-economic-update-harnessing-the-opportunity-for-a-climate-smart-and-competitive-livestock-sector-in-afe-tanzania
https://www.worldbank.org/en/news/feature/2024/06/26/tanzania-economic-update-harnessing-the-opportunity-for-a-climate-smart-and-competitive-livestock-sector-in-afe-tanzania
https://www.worldbank.org/en/news/feature/2024/06/26/tanzania-economic-update-harnessing-the-opportunity-for-a-climate-smart-and-competitive-livestock-sector-in-afe-tanzania






 1 Doctoral Research Committee 
May 2023 

 
 
 
 
 
 
 
 
 
 
 

 
We, the student and the student’s main supervisor, certify that all co-authors have consented to their work being 
included in the thesis and they have accepted the student’s contribution as indicated below in the Statement of 
Originality. 

Student name:  

Name and title of 
main supervisor:   

In which chapter is the manuscript/published work?  

Describe the contribution that the student and members of the supervisory team have made to the 
manuscript/published work:1 

 

 

 

 

Please select one of the following three options: 

 

The manuscript/published work is published or in press 

Please provide the full reference of the research output: 

 

 

 

The manuscript is currently under review for publication  

Please provide the name of the journal: 

 

 

 It is intended that the manuscript will be published, but it has not yet been submitted to a journal 

 
Student’s signature: 
 

  
Main supervisor’s signature:  

This form should be placed at the beginning of each relevant thesis chapter. 
 

 
1 Refer to the Massey University Publishing and Authorship guidelines (OneMassey for staff, Stream for students)  
   and/ or Contributor Roles Taxonomy (CRediT) guidelines for guidance. 

STATEMENT OF CONTRIBUTION 
DOCTORATE WITH PUBLICATIONS/MANUSCRIPTS 

 

Athanas Alex Ngou

Prof. Richard Laven

 6

Journal of the South African Veterinary Association

188



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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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 

194





























 

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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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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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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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. 
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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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