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Abstract | The goal of this study was to assess the effect of scrotal circumference (SC) on conception rates in Mpwapwa breed cattle during the Sept – Nov 2020 breeding season. Eight Mpwapwa bulls aged ≥3 years were selected from
23 bulls which had passed a structural soundness and movement tests based on having the largest SC and used to mate
324 non-pregnant Mpwapwa cows. Mating was conducted in eight groups with each group randomly assigned a single
bull. For each bull, data were collected on age, pre-breeding body condition score (BCS) and body weight, SC and total
number of cows bred. Based on p<0.25 value in a univariable model with pregnancy rate as the outcome variable, all of
the variables except bodyweight were included in a multivariable logistic regression model with pregnancy rate as the
outcome variable. Of those variables only pre-breeding BCS was clearly associated with odds of pregnancy. Compared
to a bull with a BCS of 3.5, a bull with a BCS of 3.0 had only 0.29 times the odds (95% confidence interval (CI) 0.15
to 0.57) of getting a cow pregnant during the breeding season. For SC, the data were compatible with a small decrease
and a moderate increase in the odds of pregnancy (odds ratio for a 1 cm increase in SC was 1.05 (95%CI 0.84 to 1.3)).
Further research on the association between SC and pregnancy rate in Mpwapwa bulls is needed, including identifying
whether there is an interaction between BCS and SC and their effect on subsequent fertility.
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INTRODUCTION

ences within and between breeds), disease (both testicular
and systemic), environment (such as heat stress), stress, and
ull fertility, defined as the ability to produce high qual- nutrition (Barth, 2018; Parkinson and McGowan, 2019;
ity, viable semen that when inseminated into a cow at McGowan et al., 2018). Simply assuming that bulls are
the correct stage of the estrous cycle will result in concep- fertile will result in reduced fertility efficiency, as sub-fertion and pregnancy, is a critical part of herd fertility effi- tile bulls are both common, with studies suggesting that
ciency, especially in herds using natural service (Kastelic, after examination ~ 25% of bulls will be unsuitable for use
(Barth, 2018), and commonly used because they are not
2013).
examined prior to use (Kastelic, 2013).
Bull fertility is a complex trait which is determined by a
wide range of factors including genetics (with large differ- These findings led to the development of the breeding
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soundness evaluation (BSE) process, which identifies that
bulls are physically sound, producing semen of good quality, and, if being used for natural service, have good libido
and are capable of intromission (Barth, 2018). The BSE is
a low-cost way of reducing, though not eliminating the risk
of using sub-fertile bulls.
Nevertheless, despite the fact that sub-fertility is common
and can have a significant impact in herds using natural
service where one bull can be responsible for mating large
numbers of cows, the use of the BSE is far less common
than it should be (Barth, 2018). One of the reasons for this
is the relatively complex nature of the BSE, especially the
libido testing but also the collection and examination of
the semen (Barth, 2018), while another is that traditionally,
veterinary input has mainly focused on cow rather than
bull fertility.
Scrotal circumference (SC) is routinely measured during
the BSE and is an easy to measure estimate of testes size
which has been reported to be strongly associated with
spermatogenesis and fertility (Perry et al., 2008; Godfrey
and Dodson, 2005). Several studies of BSE have recommended SC as a useful indicator for evaluation of yearling
bulls (Parkinson, 2004; Silva et al., 2014). SC is closely related to puberty with 52% of bulls being pubertal when
SC is ≥28cm and 97% when SC is ≥30 cm (Parkinson,
2004). These findings are reflected in the recommendation
(McGowan et al., 2002), that, in 2-year-old Bos indicus and
indicus-derived bulls on native vegetation in arid areas, SC
should be ≥28 cm, with <3% of bulls failing to meet this
target. SC continues to increase after puberty so the target
SC for 3+ year old bulls set by McGowan et al. (2002) was
34 cm.
Another advantage of SC is that it is highly heritable
(Quirino and Bergmann, 1998), so using bulls with large
SCs will select for bulls with large SCs. SC has been related to fertility, for example McCosker et al. (1989) reported
that, in Brahman bulls kept in Northern Australia, SC was
correlated with the number of calves produced by a bull.
Although not all studies have shown such an effect, differences between studies may be due to the population that
was examined (Parkinson, 2004). Thus, at least in some
populations of cattle, SC may be a simple, repeatable measure that can be easily implemented as a management tool
for the selection of bulls with, on average, higher fertility,
especially if it is used alongside a full clinical examination
with an additional focus on the reproductive tract.
The fertility of Mpwapwa breed bulls has declined over a
period of many years, reflected in an increasing inability to
successfully breed cows effectively and efficiently (Kabuni,
2017). As part of a programme for improving Mpwapwa breed cattle, a limited BSE with a focus on structural
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soundness and movement is undertaken on all available
bulls prior to every breeding season. The aim of this study
was thus to identify whether in this herd there was an association between SC of Mpwapwa bulls and their subsequent conception rate.

MATERIALS AND METHODS
Study area

TALIRI Mpwapwa is located at 36°30’E, 26°20’S and is
1000 m above sea level. The area has two major seasons, dry
and wet, running from May to November and December
to April respectively. It has a daily mean temperature range
of 24-29°C with an annual total rainfall of about 720 mm.
The soils of the institute’s farm are sandy loams and clay
loams with pH varying from 5.6 - 7.7 and 5.3 to 8.6 for
top and sub-soils respectively. Hyperrhenia rufa, Themeda
spp, Cynodon dactylon and Chloris gayana are the species of
grass grazed by livestock at the institute’s farm. This study
was conducted at the end of the dry season.

Selection of bulls and cows

A written approval for all animal related assessment was
obtained from Tanzania Livestock Research Institute
(TALIRI) prior to the start of the study.
In August 2020, 46 Mpwapwa bulls aged ≥3 years, with
no records of reproductive problems, were examined prior
to use in the Sept – Nov 2020 breeding season in order
to obtain eight bulls to be used for mating in that season. A reduced BSE was conducted with the evaluation
being limited to: SC (measured using a standard cloth tape
measure placed around the scrotum at its widest point),
and structural soundness and movement (examination of
the legs, joints, muscles, eyes, testes, prepuce, and penis).
No examination of semen or of libido was undertaken. Of
the bulls, which passed the test of structural soundness and
movement (23), the eight bulls with the largest SC were
selected to be used for the subsequent breeding season.
Their weights and body condition scores were recorded.
In August 2020, 424 Mpwapwa cows were manually diagnosed for pregnancy using the per rectal palpation method.
Non-pregnant cows were eligible for breeding in the Sept
– Nov 2020 breeding season provided they weighed ˃180
kg and their body condition score was 3 to 4 on a BCS
scale of 1 to 5 (Nicholson and Sayers, 1987). Three-hundred and twenty-four cows met these conditions.

Management and treatment of animals

The selected cows (324) and bulls (8) had access to unrestricted grazing in selected paddocks, which is the normal
grazing plan for the TALIRI Mpwapwa farm. There was
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Table 1: Mating plan for the Mpwapwa cattle during Sept – Nov 2020 breeding season at TALIRI Mpwapwa farm.
Groups

Number of cows

Bull ID

Group 2

46

14739

Group 1

62

Group 3

1837

42

Group 4

16941

38

Group 5

15195

36

Group 7

16133

36

Group 8

1st - 14th Dec, 2020

3902

37

Group 6

Pregnancy diagnosis date

14722

27

16643

Table 2: Descriptive data of eight Mpwapwa bulls from records and examinations, and results of final pregnancy
examination in each breeding group of Mpwapwa cattle.
Bull ID

1837

14739

16941

3902

15195

16133

14722

16643

Bull age
(years)

5

3

5

9

5

7

3

6

Scrotal
Breeding
circumference group
(cm)

30

27

29

30

32

32

30

31

1

2

3

4

5

6

7

8

Total number of
cows in breeding
group bred

62

46

42

38

37

36

36

27

no supplementation of either concentrates or minerals.
All cattle were treated with anthelminthic (Levamizole
hydrochloride – 10% Inj, 1 ml per 20 kg of bodyweight,
Eagle Vet. Tech Co. Ltd, Kenya) three months prior to
the start of the breeding season, this is as according to the
deworming regimen of TALIRI Mpwapwa farm. Dipping
was conducted once every week using Paranex (100g of
Alphacypermethrin per liter, Farm base Ltd, Tanzania) to
control ecto-parasites. All selected cattle were weighed and
their body condition scored prior to and at the end of the
breeding season.

Study design

The 324 cows were separated into eight groups, with size
based on the availability of herdsmen (Table 1). Each group
was assigned one bull. Cows were put with the bulls on 1st
September 2020 and bulls were removed on 30th November 2020. Pregnancy diagnosis was conducted for all eight
groups starting from 1st - 14th of December 2020 using an
ultrasound scanner (Minitube International Co, Germany)
with a 6 mHz linear probe.

Data analysis

All the analysis were performed using IBM SPSS Statistics
Version 26. The data were analyzed using a series of logistic
regression models with pregnancy status as the outcome
variable. Variables for inclusion in the final multivariable
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Number of
cows
conceived

32

39

32

21

32

22

20

20

Number of cows
Final
failed to conceived pregnancy rate
(%)

30

7

10

17

5

14

16

7

52

85

76

55

87

61

56

74

model were selected using univariable models, with the
variable being included in the final model if P-value of the
univariable model was <0.25. All variables collected in relation to the bulls prior to breeding (see Table 2) were used,
as well as group size. All variables were included as continuous variables except for BCS, which was used as a categorical predictor. Prior to use in the final model, in order to
prevent multi-collinearity, the selected variables were tested for correlation using Spearman’s rank test. Correlations
≥ 0.8 precluded both variables being used in the test, in
such cases the variable chosen to remain was the one with
the highest odds ratio in their univariable model.

RESULTS
Overall of the 324 cows bred, 218 became pregnant from
1st - 14th of December 2020. Table 2 summarizes for each
breeding group the bull data and the final pregnancy rate.
The age of bulls was ranging from 3 to 9 years, with scrotal
circumference of 27 to 32 cm. Different groups of cows exhibited different pregnancy rates ranging from 52 to 87%
(Table 2).
Of the five variables used in the univariable models only
pre-breeding weight had a p-value of >0.25, so the four
remaining variables (age, pre-breeding BCS, SC and total number of cows bred) were tested for correlation. All
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ρ were <0.65, so all four variables were included in the
multivariable logistic regression model. The results of the
multivariable model are summarized in Table 3.
Table 3: Effect of bull variables (pre-breeding body
condition score (BCS), age and scrotal circumference
(SC)) and breeding group size on odds of pregnancy
during breeding season for Mpwapwa cows.
Variable

Odds ratio (95%CI)

P-value

Age (years)

0.97 (0.84 to 1.13)

0.71

Pre-breeding BCS
SC (cm)

Total number of cows in
breeding group

0.29 (0.15 to 0.57)
1.05 (0.84 to 1.3)

0.98 (0.96 to 1.01)

<0.001
0.69
0.18

Of all the variables analyzed, in the multivariable regression, only pre-breeding BCS of the bull was found to have
a statistically significant association with odds of pregnancy (p<0.001). After having accounted for age, SC and
number of cows in the breeding group, cows in a breeding
group that had a bull with a pre-breeding BCS of 3.0 had
only 0.29 times (95% CI 0.15 to 0.57) the odds of getting
pregnant compared to cows in a breeding group with a bull
with BCS of 3.5. That is if the pregnancy rate at the end
of the breeding season was 70% in a breeding group with a
bull whose pre-breeding BCS was 3.5, the expected pregnancy rate for a group with a bull of BCS 3.0 would be
only 40% (95% CI 26 to 57%).
In contrast, for SC, the data were consistent with no association between SC of a bull and the odds of pregnancy.
The analysis found that in this data set (having accounted
for age, SC and number of cows in the breeding group)
for every 1 cm increase in SC, the odds of pregnancy increased by 1.05 times. The 95% CI for this odds ratio show
that the data were compatible with a decrease in pregnancy
rate as SC increased (lower 95%CI 0.84) and a moderate
increase (upper 95% CI 1.3). That is if the pregnancy rate
for a group with a bull with a SC of 27 cm (the smallest
recorded in this study) was 60%, the expected pregnancy
rate for a group with a bull with a SC of 32 cm (the largest
recorded in this study) would be 61%. However, the 95%
confidence intervals of this estimate would be quite wide
(38 to 85%).

DISCUSSION
The aim of this study was to assess the effect of scrotal
circumference on pregnancy rates in Mpwapwa breed cattle during the Sept – Nov 2020 breeding season of the
TALIRI Mpwapwa farm. As well as data on scrotal circumference, data on potential confounders, bull age and
pre-breeding BCS were also included in the analysis, as
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well as because of staff availability issues during the breeding season and group size (see Table 1). Of these five factors, only BCS was found to have significant association
with the odds of pregnancy. The estimated effect of BCS
was quite large, with cows in a breeding group with a bull
with a BCS having <1/3 the odds of getting pregnant. This
effect may be mediated, at least in part, by an effect on bull
libido. Torres-Aburto et al. (2020) analyzed data from 223
bulls undertaken in Brazil of a mix of Zebu, European and
crossbred bulls and reported that bulls with a BCS of 4 had
a mean libido score of >8, while bulls with a BCS of 3 had
a mean libido score of 7. For these libido scores, the mean
pregnancy rates reported by Torres-Aburto et al. (2020)
for bulls were 43 and 37 respectively, consistent with BCS
reducing pregnancy rates by reducing libido. However, the
impact on pregnancy rate of reduced BCS reported by
Torres-Aburto et al. (2020) was much less than that reported in this study. It may be that the impact on libido
of poor BCS is greater in Mpwapwa bulls than in the bull
breeds examined by Torres-Aburto et al. (2020) or that
the impact of poor BCS on pregnancy rate in this study
was mediated by factors other than libido. Further research
is required especially on the association between BCS and
libido in Mpwapwa bulls.
In contrast this study which did not demonstrate a similar
association between SC and pregnancy rate. The estimated
odds ratio (1.05) indicated only a small positive effect in
the study animals, however the confidence intervals of this
estimate are wide and compatible with both large decreases and large increases in pregnancy rate as SC gets larger.
Previous studies (e.g. Parkinson, 2004; Perry et al., 2008;
Silva et al., 2014) have suggested that there is a generally
positive association between SC and subsequent pregnancy rate, but those studies involved more bulls and thus had
a greater power to detect an effect of SC than the current
study. For example, Torres-Aburto et al. (2020) utilized
data from 223 bulls and found a significant but moderate
association between SC and pregnancy rate (r= 0.21), an
association that would have been small to be detected in
this study. Further research on SC in Mpwapwa cattle is
required both in terms of its association with fertility parameters such as pregnancy rate, including whether there
is an interaction between BCS and SC. But also at the individual bull level including whether measuring SC earlier
would be more effective in predicting bull fertility (Menegassi et al., 2019) and how, in Mpwapwa bulls, SC relates
to semen production (Susilawati et al., 2020).

CONCLUSION
The results of this study suggest that improving pre-breeding bull BCS and choosing bulls based on BCS could be a
good strategy for improving pregnancy rates in cows bred
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with Mpwapwa bulls. The results also suggest that this
may be a better strategy than choosing bulls based on SC.
However, this was a small-scale study with only eight bulls,
with a limited range of BCS, so further research is required
to confirm these suggestions. In regard to SC, no conclusions was made to use SC as a predictor of pregnancy rate
because of the limited data in this study. So further research on the association between SC and pregnancy rate
in Mpwapwa bulls is needed, including identifying whether there is an interaction between BCS and SC and their
effect on subsequent fertility.
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