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ABSTRACT
The most used reproduction method in beef cattle in Brazil is natural breeding, which corresponds to 84% of calves 
born. Breeders adopt the bull:cow ratio of 1:25, which results in a sub utilization of bulls, making natural breeding 
antieconomic and underestimating the reproductive ability of competent bulls. The bull:cow ratio is determined by several 
factors, such as climate and nutrition, but the most determining factor is the fertility of the bull, estimated with more 
precision through breeding soundness examination of bulls. The aim of this study was to develop a simulation model as 
an aid to choose the best bull:cow ratio according to the combination of the many factors that determine this ratio. It is 
a conceptual, empiric, static, and determinist model which, through the processing of the input data, simulates the best 
BCR. Developed on the Vensim PLE 6.1 software, the model describes variables related to bulls and cows. Two equations 
were generated to predict the mating potential of males. In the same way, according to the reproductive status of females, 
equations were generated to predict the cyclicity rate of the cows. The sum of these equations originated the one that 
determines BCR according to the reproductive status of females. This model might serve as a tool to support decisions 
as to the best BCR and could be used with several combinations of models´ characteristics.
Keywords: Breeding. Modeling. Production system. Reproduction.

RESUMO
O método de reprodução mais utilizado em bovinos de corte no Brasil é a monta natural, que corresponde a 84% dos 
bezerros nascidos. Os criadores adotam a relação touro:vaca de 1:25, o que resulta em uma subutilização de touros, 
tornando a reprodução natural antieconômica e subestimando a capacidade reprodutiva de touros competentes. 
A proporção touro:vaca é determinada por alguns fatores, como clima e nutrição, mas o principal fator determinante 
é a fertilidade do touro, estimada de forma mais precisa por meio do exame andrológico. O objetivo deste estudo foi 
construir um modelo de simulação como auxílio para a escolha da melhor relação touro:vaca de acordo com a combinação 
dos diversos fatores que determinam essa relação. É um modelo conceitual, empírico, estático e determinista que, por 
meio do processamento dos dados de entrada, simula a melhor relação touro:vaca. O modelo foi desenvolvido no 
software Vensim PLE 6.1. e descreve variáveis ​​relacionadas a touros e vacas. Duas equações foram geradas para prever 
o potencial de acasalamento dos machos. Da mesma forma, de acordo com a condição reprodutiva das fêmeas, foram 
geradas equações para prever a taxa de ciclicidade delas. A soma dessas equações originou o que determina a relação 
touro:vaca de acordo com a condição reprodutiva das fêmeas. Esse modelo pode servir como um recurso para apoiar 
a decisão sobre a melhor relação touro:vaca e pode ser usado com várias combinações de características dos modelos.
Palavras-chave: Acasalamento. Reprodução. Simulação. Sistema de produção.
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Introduction
In Brazil, natural mating is the most used reproduction 

system, corresponding to 84% of calves born (Associação 
Brasileira de Inseminação Artificial, 2019). Normally, breeders 
adopt a bull:cow ratio of 1:25, which is also used in research 
activities (Oliveira et al., 2015; Santos et al., 2009). According 
to Fonseca et al. (2000), this results in the underuse of bulls, 
which makes natural mating antieconomic, underestimating 
reproductive ability of competent bulls (Chenowet, 2000). 
In this breeding system, the bull has an important relevance 
considering that 90% of males in beef cattle breeding are 
not selected and not submitted to breeding soundness 
examination for libido and service ability tests (Oliveira et al., 
2007). Finding bulls with a high libido in the herd allows the 
reduction of the breeding season period, which concentrates 
calving season in only two months (Oliveira et al., 2007).

The bull:cow ratio proportion is determined by several 
factors, such as climate and nutrition, but the most important 
factor is the fertility of the bull, measured through breeding 
soundness examination of sires (Gandolfo, 2007). Other 
factors that affect the bull:cow ratio are age, breed, and body 
condition score of the sire, size of paddocks, and length of 
breeding season (Barbosa et al., 2007). Santos et al. (2003) 
reported that Bos taurus indicus bulls have lower libido than 
Bos taurus taurus, which can also influence bull:cow ratio.

Since the factors that affect bull:cow ratio are variable, 
it is difficult to establish an economically efficient bull:cow 
ratio. The use of simulation models, which are a useful 
tool to minimize time and costs to develop new research, 
allows simulation of the bull:cow ratio without the need to 
test different ratios in separate beef farms (Silveira, 2002).

The aim of this study was to develop a simulation model 
that could be used as a tool to help in the decision of the 
best bull:cow ratio for each farm, considering various factors 
known to affect this proportion.

Materials and Methods
The model in this study is conceptual, experimental, 

static, and deterministic, and simulates the best bull:cow ratio 
through input data processing. The model was developed 
and processed using Vensim PLE 6.1 software. Aiming 
for a better understanding, a list of initials was created 
(Table 1), which will be used in text and in the conceptual 
model (Figure 1).

This model describes the variables related to bulls and 
cows. For bulls, breeding potential (BP) is an important 
trait. BP variables include scrotal perimeter and service 
ability, which is measured by the number of times the bull 
attempts to mount cows not in estrus in a closed space for a 
period of 20-40 min. Bulls with greater service ability have 
higher libido (Rovira, 1996). Based on the data reported 
by Bavera (2005), addressing the relation between scrotal 
perimeter and service ability with the number of cows 
that a bull can breed by natural service, two equations 
were generated (1 and 2), one refers to SP and the other 
to SAT, as follows:

Breeding Potential: (72,289 nl (SP)) – 188,94	 (1)

Breeding Potential: (5,2381*SAT + 28,19) 	 (2)

For Equation 1, the Naperian logarithm (nl) was used 
to adjust the curve of breeding potential according to 
SP. This function is the most adjustable to the empirical 
answer to this variable, considering that reproductive 
potential increases with the scrotal perimeter to a 
maximum value, and then remains constant. For SP, the 
minimum acceptable value used was 30 cm for a bull 
with 24 months of age, and the maximum value of 46 cm 
for bulls from any age (Bavera, 2005). These isolate values 
classify a bull to breed 40 and 80 females, respectively, 
in a 90-d breeding season. For SAT, the minimum value 
used was 2, to a maximum of 9 mounts, which enables the 
bull to serve approximately 40 and 75 cows, respectively, 
according to a scale proposed by Blockey (1978), which 
goes from 0 to 11 or more mounts. These two traits were 
considered to have the same importance to determine the 
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Table 1. Initials used in text and conceptual model
Initials Definitions

BCS Body condition score
SP Scrotal perimeter

SAT Service ability test, for Bos taurustaurus breeds
RS Reproductive status (females)

DPP Days post-partum
BS Breeding season
BP Breeding potential
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breeding potential of bulls. If the bull has a good service 
ability, but a small scrotal perimeter, this bull may fertilize 
a lower number of cows, due to its limited SP. In the same 
way, if the animal has a good SP, but a low service ability, 
this will be the limiting factor. Therefore, a weight of 0,5 was 
attributed to each of the traits. Then, Equations 1 and 2 were 
added to determine this potential, according to Equation 3:

Breeding Potential: (72,289 nl(SP) – 188,94)*0,5 + (5,2381*SAT 
+ 28,19)*0,5	 (3)

For cows, ovarian cyclicity was considered for the analyses. 
For lactating cows, DPP and BCS at the beginning of breeding 
season were variables considered to estimate cyclicity. 
For heifers (minimum 12 months of age), body weight at 
the beginning of season was considered (Equation 7), and 
for nonlactating cows, only BCS (Equation 8). To generate 
equations, data according to Valle et al. (1998) were used, 
which relates different intervals of DPP and BCS with estrus 
occurrence. Thus, two equations were generated, one for 
BCS (Equation 4) and another for DPP (Equation 5):

Cyclicity: 1,875*BCS2 + 44,125	 (4)

Cyclicity: 98,98*nl (DPP) – 343,53	 (5)

For Equation 5, nl was used to adjust the cyclicity curve 
according to DPP, due to this function being the most 
adequate to the empirical answer expected, considering 
that the cyclicity rate of beef cows increases to levels close 
to 100% as DPP increases.

For BCS analyses, a 1-5 scale was used, with 1 being 
extremely thin and 5 extremely fat (Moraes et al., 2005). 
For DPP, a minimum of 45 d and a maximum of 200 d 
were used, varying, in the simulation, within this scope. 
If at parturition, the cow has an adequate BCS, around 3.0, 
without losing body weight during post-partum period, 
it may probably anticipate estrus occurrence, decreasing 
DPP. However, if this cow has low BCS at calving, it may 
prolong DPP until estrus occurrence. Thus, a greater 
importance was attributed to BCS in the equation that 
determines cows cyclicity, attributing a weight of 0,7 for 
this trait, according to Equation 6:

Figure 1. Conceptual model of bull:cow ratio.
Simple blue arrows = indicates to a variable that there is another variable that will be used in an equation; Double black arrows = 

represents an equation; Boxes = Results of the sum or relative proportion of one or more equations.
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Cyclicity of lactating cows: (1,875*BCS2 + 44,125)*0,7 + 
(98,98*nl (DPP) – 343,53*0,3	 (6)

Cyclicity heifers: (222,55*nl (Weight)) -1200,9	 (7)

Cyclicity nonlactating cows: (-2,25*BCS2 + 22*BCS + 46,25)	 (8)

According to the described to SP, nl was used, due to 
the fact that, as the heifer increased body weight in the 
beginning of the breeding season, conception odds also 
increased, to a limit where the body weight increase is not 
able to promote any further increase in conception risk 
(Barcellos et al., 2006).

To generate only one equation to simulate bull:cow ratio, 
we considered that cycling cows has a greater influence 
than breeding potential of bulls in determining this ratio, 
so that a higher relative weight was given to this trait. 
Finally, two variables were summed up: cows cyclicity and 
breeding potential of bulls, to generate Equation 9, which 
results in bull:cow ratio:

Bull:Cow ratio: (Breeding Potential*0.4)+(Cyclicity*0.6)	 (9)

This equation was used to determine different ratios, 
to lactating cows, heifers and nonlactating cows. Besides, 
a general bull:cow ratio was generated, considering the 
former 3 ratios and percentage of each cow category, thus 
generating Equation 10:

General BCR: ((BCR 1*(% Lactating cows/100))+(BCR 
2*(% Heifers/100))+(BCR 3*(% Nonlactating cows/100)))	 (10)

Results and Discussion
The model created in the present study has phonotypical, 

physiological and structural traits of beef herds, which are 
considered particularly important to determine bull:cow 
ratio. An example is SP, which, according to Galvani et al. 
(2000), is an easily measurable reproductive parameter 
that has been used as an indicator of sperm output to select 
young bulls. This trait has high to moderate heritability and 
negative correlation with age at puberty onset of female 
offspring (Galvani et al., 2000),

The breed of the bull is also an important factor to 
be considered, since Bos taurus indicus bulls have lower 
libido than Bos taurus taurus bulls (Santos et al., 2003). 
Thus, different tests are performed to assess breeding 
soundness of these animals. Pineda et al. (2000) suggest 
for Bos taurus indicus bulls the addition of the libido 
test to the breeding soundness to select a sire with better 
reproductive performance. For Bos taurus taurus bulls, 

Acuña et al. (2003) recommend the service ability test. Bulls 
with higher service ability tend to increase the pregnancy 
rate of the cows more than those with a smaller service 
ability. Also, Quirino  et  al. (2004) report that service 
capacity was considered useful in assessing the fertility of 
the bull. Their results suggested that direct selection for 
libido would lead to a desirable correlated response in the 
body weight, physical and morphological characteristics 
of the sperm, and an undesirable correlated response to 
scrotal circumference.

The age of the bull is another important variable. Bulls 
may be introduced in the reproductive management of 
beef farms with 14-15 months of age, but in a moderate 
basis, because they wear out quickly due to young age and 
lack of sexual experience (Bavera, 2005). This trait was not 
considered in the model due to lack of information relative 
to age influence on bull:cow ratio and also due to the fact 
that most beef farmers usually prefer older bulls instead 
of young bulls.

Bulls must have an adequate BCS at the beginning 
of breeding season (Stahringer, 2003), with the aim to 
have enough body fat reserves, allowing them to have a 
moderate body weight loss during breeding season. Bulls 
used in beef herds must not be obese, because this may 
affect body thermoregulation and, consequently, testicular 
thermoregulation, hormonal balance, and epididymal sperm 
reserve (Santos et al., 2005). However, BCS must not also 
be too low, since it can impair the performance of the bull 
due to low testicular and body weight, reflecting in lower 
fertility rates. According to Stahringer (2003), bulls must 
initiate service with a BCS between 5 and 6 (1-9 scale), 
allowing them to lose from 1 to 1.5 BCS without a negative 
effect on their reproductive performance. This trait was not 
considered in the model due to lack of information on how 
this variable affects bull:cow ratio.

Among cow characteristics, the model considered BCS at 
the beginning of the breeding season. BCS is an evaluation 
of the amount of body fat reserves of the animals, defined 
by scores. Thus, BCS at the onset of breeding season and 
its variation during this period will certainly affect the 
pregnancy rate of cows at the end of the breeding season. 
Cows with higher BCS probably show higher pregnancy 
rates than cows with lower BCS (Spitzer  et  al., 1995; 
Lake et al., 2005). The BCS of the cow at calving reflects 
the duration of postpartum anestrous. Orcasberro (1994) 
reported that cows with BCS 2 (1 to 9 scale), at this stage, 
have a postpartum anestrous longer than three months, 
with a BCS 3 a 80-d anestrus, whereas a BCS 4 anestrous 
reduced to 35 to 50 d. In this sense, Fontoura Júnior et al. 
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(2009) reported in their simulation model that BCS at 
calving is a determinant factor of calving-conception 
interval of the cows.

The reproductive status of lactating cows, heifers or 
non-lactating cows has a cyclicity rate for each category. 
Assis et al. (2000) showed that 82.2% of Aberdeen Angus 
heifers presented estrus prior to 42 d of breeding season. 
Quadro & Lobato (2006) found a cyclicity rate of 6.81% for 
lactating primiparous (½ Hereford x ¼ Nelore x ¼ Charolais) 
cows with an average age of 3 years. Pfeifer et al. (2007), 
studying the pregnancy rate and conception period in 
different categories of beef cattle, verified similarity in 
heifers and nonlactating cows. The conception rate of these 
categories was higher than that of lactating cows, and the 
conception was earlier.

Another important characteristic when dealing with 
lactating cows refers to the days postpartum (DPP). The higher 
the DPP, the longer the recovery time will be for the cow. 
On the other hand, the chances of the cow becoming pregnant 
during the period of breeding season will be reduced. In order 
to obtain one calf a year, the calving-conception interval of 
the cow should not be longer than 85 d (Orcasberro, 1994). 
In healthy cows with an adequate nutritional management, the 
first estrus behavior after calving must happen between 45-
50 DPP (Rovira, 1996).

Regarding breeding season duration, Oliveira  et  al. 
(2006) recommended a 60- to 90-d season for adult cows. 
For heifers, this period should not exceed 45 d, and both 
the beginning and the end of the season must be anticipated 
at least 30 d in relation to the adult cows (Marques et al., 
2005). Rovira (1996) also recommends that this season be 
no longer than 82 d in order to ensure that all cows have 
calved before the onset of the next breeding season.

The relief and topography of the paddocks should be 
considered to determine the number of females that a bull 
can breed maintaining satisfactory fertility indexes. However, 
it is not known how the performance of a bull can be 
influenced by paddock size and relief. Boyd (1991), working 
for 10 years on mountainous terrain in the Colorado region 
of the USA, with bull:cow ratios of 1:16 and 1:26, found 
a 90% pregnancy rate for both ratios. Although working 
with a low bull:cow ratio (1:16), the author verified that the 
relief factor did not influence the reproductive performance 
of the bulls. These characteristics are not considered in the 
model due to the factors already mentioned, such as the 
low amount of information, mainly quantifications.

The output data are generated from the information 
provided by the user, and a general bull:cow ratio as well as 
one for each category of cows according to their reproductive 

condition are determined. In this way, the model can be 
used in cases where the beef farms have specific breeding 
paddocks. It is possible to establish the bull:cow ratio for a 
given herd and a certain category of females kept in that area.

In view of the difficulties faced by the farmer in establishing 
an appropriate bull:cow ratio, the model simulates the best 
relation, based on the model input data, without the risk of 
a low pregnancy rate and excessive breeding use.

The interaction of factors considered in this model 
defines the best relation bull:cow, economically, through 
the non-excessive use of the bulls, and biologically, with 
an adequate pregnancy rate, even with the reduction in 
the number of bulls used. Working with different bull:cow 
ratio, in lowlands, Sereno et al. (2002), concluded that it 
is possible to reduce the bull:cow ratio without negatively 
influencing herd fertility rate, and therefore have good 
economic results, once different factors are considered.

The model, once tested and validated, will serve as a 
tool to support the decision of the best bull:cow ratio, with 
the possibility of using it with several combinations of the 
characteristics considered.

Difficulties were found in creating the formulas and in 
the variable relations for implantation of the model, since 
several factors affect the relation bull:cow ratio, but few, 
and, in some cases, no studies quantify the relation between 
some factors and their influence in determining the bull:cow 
ratio. Therefore, more studies should be carried out to 
investigate the relationships between the characteristics 
that influence the bull:cow ratio, so that there’s a better 
understanding of and ability to adjust them to different 
individual production systems.

In this way, work can be done in the future to evaluate, 
for example, the impact of paddock size and relief, age and 
BCS of the bulls. There is also little research with European 
breeds, and further studies are needed to optimize the use 
of bulls from such breeds.
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