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The bioeconomic efficiency of cow-calf systems was compared by a deterministic

dynamic simulation. The simulation model considered stable cow-calf systems

differentiated by the maximum age for culling cows, lifetime, culled at 4–13 years old.

The necessary supply of metabolizable energy for the herd was established as natural

grasslands, cultivated pasture in the winter/spring, and pre-dried pasture produced by

the system. The biological efficiency of the systems was considered the ratio between

the production of total live weight and the metabolizable energy consumed over one

production cycle. Economic efficiency was determined by the ratio between gross

margin and production area and the ratio between gross margin and number of cows.

Bioeconomic efficiency was determined by a simple linear regression between biological

efficiency, economic efficiency per area, and economic efficiency per cow. The efficiency

of the animal unit, considering biological efficiency and economic efficiency per area were

better in the system that culled cows at 4 years old, while economic efficiency per cow

was better in the system that culled cows at 13 years old. In determining the bioeconomic

efficiency of the systems, the best results were found in the system that culled cows

at 6 years old, which suggests that the best efficiency of a cow-calf herd is reached

when the adult age and mature weight of the cow are reached, and there is no more

energy used for growing. The results indicate that stable cow-calf herds express their

best biological efficiency and economic efficiency per area when the cow culling age is

lower. However, economic efficiency per cow depends on cows that remain in the herd

as long as possible. The culling age of cow that balances these biological and economic

indicators is reached around 5 and half years.

Keywords: beef cattle, British breeding, feed restriction in cows, herd structure, longevity, stayability

HIGHLIGHTS

- Simulation model able to predict the ideal age of cow culling for the best bioeconomic efficiency
of cow-calf systems in different environments and markets.

- The younger the cow culling, the greater the bioeconomic efficiency per unit of production area.
- The older age at culling allows a greater economic efficiency per cow, even with lower
biological efficiency.

- Production scenarios that allow intensification of cultivated pastures along with markets that
value culling cows are indicated for herds that cull young cows.
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- Regions where the intensification is not viable, and the calf is
the most valued product should be prioritized by systems that
cull older cows.

INTRODUCTION

The economic viability of cow-calf systems is associated with
many factors such as environmental, socio-economic, labor,
biological efficiency of cows, and others. Therefore, to achieve
satisfactory results in the activity, the herd must be structured
to reach the highest possible productive capacity of these
animals when transforming feed resources into a commercialized
product. With this purpose, research has measured the biological
efficiency of the cow-calf system through the use of metabolizable
energy (ME) for calf production (1, 2). However, these studies
evaluated the individual efficiency of cows and did not consider
the efficiency of the cow-calf systems, which can distort the
results of these analyzes.

When analyzing ME, the impact of the metabolizable energy
for the maintenance (MEm) of the production systems must be
considered, which is the unproductive portion of the ME and
represents about 50% of the total herd requirement only for cow
maintenance (3). This is because, the older the animals, the more
energy they need for maintenance until they reach their mature
weight (4), which makes them less efficient in transforming the
energy consumed into muscle, hence, meat products. Although
the aim of farmers is simpler, producing a calf per cow/year,
the conversion ratios of ME into live weight kilogram is what
determine the efficiency of cow-calf system. This difference in the
use of ME makes this indicator relevant for efficiency analysis
of production systems, as well as the economic impact of the
variation in the culling age of cows.

When considering cow-calf systems, the shorter lifetime cow
in the herd demands high heifer replacement, which allows better
utilization of the energy used for growth (5, 6). In addition,
cows that reach mature weight consume about 25% more energy
for maintenance than 2-year-old cows (4). On the other hand,
when the productive lifetime of cows is longer, heavier calves
are obtained at weaning, and there is a reduction in the heifer
replacement rate (7), which positively impacts the margin of the
cow-calf system. Thus, understanding these relations, especially
considering production systems, allows farmers to assess which is
the best strategy to increase the productivity of their operations.

In this context, in production systems, the herd structure
is a complex issue and must consider the ideal age for cow
culling (lifetime). Although some research indicates that themost
efficient systems culled primiparous cows soon after weaning a
calf (8–10), this system could not be maintained because it is
not able to produce the necessary number of heifers to replace
the culled cows and ensure herd stability (6). Nevertheless,
this hypothesis must be scientifically validated, considering the
different herd structures and bioeconomic efficiency to identify
the ideal cow lifetime in the herd.

In addition, research that seeks to increase animal production
efficiency contributes to the strategic use of natural resources and
helps both to reduce the negative impact of production on the

environment (11) and to the image of beef industry. However,
comparison through experimentation becomes impracticable
due to the cost, complexity, and level of control required by these
systems for a reliable analysis. In contrast, the simulation models
analyze the interaction between the production system factors
quickly and at low cost (12). In this sense, this study identifies
the ideal cow lifetime in the herd until its culling for the best
bioeconomic efficiency of cow-calf systems.

METHODS

Model Overview
A deterministic dynamic model was constructed to compare
the bioeconomic efficiency of cow-calf systems programmed
in Microsoft Excel spreadsheets. The input parameters were
collected from 18 scientific manuscript published in relevant
journals, three systems of nutritional requirements, as well as the
technical coefficients and assumptions of herd evolution typical
of cow-calf systems in natural grasslands (13).

Ten production system scenarios were built with herds of
1,000 Aberdeen Angus cows. The criteria for differentiating the
systems was the maximum age at which the cows were culled,
called lifetime (LT), considered at 4 (LT4); 5 (LT5); 6 (LT6); 7
(LT7); 8 (LT8); 9 (LT9); 10 (LT10); 11 (LT11); 12 (LT12); and 13
years old (LT13). To maintain the discrete nature of the variables,
the maximum age for culling cows in the system was considered
after the weaning of its last calf (e.g., 10.5-year-old cows for
the LT11).

To compare the systems, the following parameters were used:
(1) stable herd structure, with the distribution effect of the
age groups of cows and bulls based on zootechnical indicators
(Table 1); (2) body condition score 3 on a scale of 1 (very
thin) to 5 (very fat) (25); (3) mineral salt offer in the order
of 80 g/450 kg of live weight (LW) per day for all cows; 4.
Vaccination against clostridiosis, reproductive diseases, foot-and-
mouth disease, brucellosis, in addition, antiparasitic treatments,
according to typical proceedings, and legal requirements for
animal welfare and sanitation.

The model was developed by the interaction between the
dynamics of cow-calf herd structure, animal energy necessity,
energy production by grasslands, and monetary flow of
the production system (24, 26). For this, the submodels
were developed: herd structure, energy requirement, forage
production, and economic (Figure 1).

Herd Structure Submodel
The breeding season was considered from November 1st to
January 29th (90 days). The initial mating age considered for
heifers was 14 months and for bulls at 2 years. In this model,
bulls were purchased at 2 years, used for six breeding seasons
until 7 years old, and subsequently sold with an annual culling
rate of 20%. Cows at 2 years or more were exposed to natural
breeding under the ratio of one bull for every 25 females. It
has been established that heifers were artificially inseminated
(A.I.) at 14 months with the synchronization program based on
prostaglandin (PGF2a) administrations, considering 1.6 A.I. by
heifers (27, 28). The pregnancy rate considered at 30 days after
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TABLE 1 | Assumptions of simulation model for the efficiency of cow-calf systems

according to lifetime cows.

Model inputs Value References

Mature cow weight at 5 years (kg) 480.0

Calving rate (%)

2-year-old cows 88

3-year-old cows 87 (7, 14)

Cows above 3 years old 88

Birth weight (kg)

Calf of 2-year-old cow 35.0

Calf of 3-year-old cow 36.1 (15)

Calf of 4-year-old cow 37.2

Calf of cow above 4 years 38.0 (4)

Peak milk production (kg)

2-year-old cows 5.92 (16–20)

3-year-old cows 7.04

Cows above 3 years old 8.00

Average daily gain (ADG)(kg)

Calf of 2-year-old cow 0.633 (7, 14, 15, 21)

Calf of 3-year-old cow 0.656

Calf of 4-year-old cow 0.703

Calf of 5 to 9-year-old cow 0.770

Calf of 10-year-old cow 0.763

Calf of 11-year-old cow 0.753

Calf of 12 and 13-year-old cow 0.733

From weaning to 12 months 0.800 (4)

1-year-old cows (13–24 month) 0.267 (22)

2-year-old cows 0.160

3 and 4-year-old cows 0.053 (23)

11-year-old cows −0.008 (7)

12 and 13-year-old cows −0.009

Mortality rate (%)

Calf of 2-year-old cow 5 (24)

Calf of 3-year-old cow 2

From weaning to 12 months 3

Cows 2

insemination was 92% and the fetal mortality rate between the
30th and full term was 7% (29, 30). The calving season was
divided into four periods of 21 days each, from August 16th to
November 18th (24).

The proportion of cows in each age group varied according
to the maximum age of culling and the calving, weaning, and
mortality rates. Cows that did not calve a calf were culled at
the end of calving season. Those that did not wean their calves
or reached the arbitrated LT for each system were culled at
weaning on April 1 (Figure 2). The calving and weaning rates
were represented by the number of cows that calved and weaned
a calf, respectively, in relation to the number of cows subjected to
mating in the previous season.

The heifer replacement considered only those produced in
the system itself to keep the herd with a constant number
of cows, without external purchases. When the number of

heifers produced did not reach the minimum necessary for
replacement, the system was not simulated, since it would not
remain sustainable. For a 3-year LT system, a heifer replacement
rate of 52%would be required, which would be possible only with
sexed semen in artificial insemination to increase its weaning
rates for female calves (6). For this reason, LT4 was the youngest
LT simulated, as culling cows under 4 years old would cause a
gradual reduction of the system until it became unviable. Heifer
retention was performed at weaning, and the selection of the
heaviest heifer was used as a criterion.

Female calves that did not recompose the system and male
calves were sold immediately after weaning. The total production
(TP) of the scenarios was calculated from the sum of all of the kg
sold in live weight of each category, while the productivity (kg/ha)
was determined from the relation between TP and the production
area, as described by Nasca et al. (31). For all the systems, the
same weight was considered for animals in the same category
that were sold and that remain in the herd. For instance, if a 4-
year-old cow weighing 460 kg was sold, those of the same age that
remained in the system also weighed 460 kg at that time.

Energy Requirements Submodel
The energy requirement submodel evaluated the daily
metabolizable energy (ME) needs for calves, cows, and bulls,
considering the age group and the physiological state in which
each animal is in the productive cycle; maintenance (MEm),
growth (MEg), lactation (MEl), pregnancy (MEy); according to
the previously defined calving periods. The modeling considered
the availability of 100% of the energy necessary for the animals
to reach the productive, individual, and herd indexes, according
to the dynamic physiological parameters of each animal age
group (4, 21, 32). Biological efficiency, by age group of the cow
(BioEVv), was defined by Equation (1).

BioECc = MECCc/(WGCc + LWCWCc) (1)

in which, BioECc is the biological efficiency of the cow; MECCc

is the total metabolizable energy consumed by the cow; WGCc

is the weight gain of the cow; LWCWCc is the live weight of the
cow’s weaned calf; c is the age group of the cow.

The BioE (Equation 2) of the different simulated systems
was also evaluated from the relationship between the total ME
consumed by the system and the kg sold of slaughtered bulls and
cows, in addition to the kg of calves (1, 2).

BioEt = MECt/TLWSt (2)

In which, BioE is the biological efficiency of the system; MEC
is the total metabolizable energy consumed by the system; and
TLWS is the total live weight sold; t is the maximum lifetime
cow (LT).

Forage Production Submodel
This submodel was used to calculate the stocking rate capacity of
each cow-calf system. The metabolizable energy of forages (MEF;
Equation 3) is estimated from forage production, through the
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FIGURE 1 | Simplified flowchart of the proposed conceptual model for cow-calf systems with different lifetime cow.

FIGURE 2 | Cow-calf system flowchart (A.I., artificial insemination; MLT,

maximum lifetime).

daily accumulation rate (DAR), forage mass (FM), grazing rate,
and total digestible nutrients (TDN).

MEF = TDN × 4.4 × 0.82 (3)

in which MEF is the metabolizable energy of forage; TDN is
the total digestible nutrient; 4.4 is the conversion constant from
TDN to digestible energy; and 0.82 is the conversion constant of
digestible energy for ME (4).

Thus, the model simulates the monthly variation in ME
production in response to the demand for ME from animals in
the herd. Therefore, the model was built to adjust the sizing of the
production area with the assumption that in themonths with feed
surplus there would be storage through pasture conservation, in
the form of pre-dried, to be supplied in periods of feed deficit.
It was assumed as a feed surplus when the pasture produced
more ME than the animals required (May to August). The feed
deficit was considered when pasture production did not have
the capacity to supply animals’ ME necessity (September to
March). Forage storage was considered only for cultivated oat
pastures (Avena strigosa) in consortium with ryegrass (Lolium
multiflorum), as the scarcity of natural grasslands surplus and the
high cost of this hay discourage the practice in the region.

The values for the calculation of ME production used to build
this model were based on data from natural grasslands typical
of the region (24) and from scientific research on cultivated
oat/ryegrass pastures (33–35) from FM and DAR in the range of
two standard deviations from the mean.While natural grasslands
were used over the year, oat pasture (April to August) with
ryegrass (May to October) was used from April to October.

To determine which age groups of calves should receive
natural grassland or oats/ryegrass, the daily dry matter intake
capacity (DMId) was considered in the different physiological
conditions of the animals (32). To calculate the metabolizable
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FIGURE 3 | Monthly feed composition provided for each age group of cows and category of cow-calf systems.

energy consumed per day (MECd), Equation (4) was used:

MECt = DMIt × MEF (4)

in which, MECd is the metabolizable energy consumed per day;
DMIt is the daily dry matter intake; andMEF is the metabolizable
energy of forage; t is the number of days.

The available metabolizable energy (AME) per hectare was
determined from Equation (5):

AME = EMF × (MF + TADt) × ECF (5)

in which, AME is the metabolizable energy available per hectare;
MEF is the metabolizable energy of forage; FM is the forage mass
per hectare; DAR is the daily accumulation rate (36); t is the
number of days; and EHF is the efficiency of harvest forage used
by the animals (37).

Thus, the average AME of natural grasslands, in 12 months
of the year, and of oat/ryegrass consortium pasture, in 7 months
of production, obtained average values of 364 Mcal/ha and 1,744
Mcal/ha, respectively. Considering the energy requirements of
the systems and the energy availability of the pastures (Figure 3),
the feed base of each category and age group of animals in the
different systems was determined.

Economic Submodel
The economic submodel measured the economic efficiency per
area (EEA) and per cow (EEC) in the different scenarios, through
the gross margin (GM), which was calculated by the difference
between revenue and production cost (fixed and variable) and
later divided by the number of hectares and the number of cows
exposed to breeding in the previous year (Equations 6, 7).

EEA = GM/hectares (6)

EEC = GM/number of cows exposed to breeding

in the previous year (7)

Total revenue was estimated by the sum of the total sale of LW
kg of weaned male calves, weaned female calves not used for
replacement, and culled cows and bulls. The prices were based
on the regional average of the last 5 years (38, 39) that also agrees
with the current market conditions in the country. Therefore, the
selling price used per kg of LW for male and female calves was
US$ 1.58 and US$ 1.45, respectively, for cows sold at the end of
calving US$ 1.15, for cows sold at the end of weaning US$ 1.08,
and for cull bulls US$ 1.15.

The fixed costs considered in the model were those that
do not change with the variation of production in the cow-
calf system in a productive cycle, while the variable costs
were those that show variability in the increase or decrease
in production. All costs were considered in accordance
with market prices and subsequently corrected by the
General Price Index-Internal Availability (índice geral de

preços-disponibilidade interna—IGP-DI) for the average of
the last 5 years. The values used are representative of a
property of 1,000 cows located in southern Brazil with the
tax values varying proportionally to the production area.
The model did not consider opportunity costs for land and
capital, as they are not parameters usually used by farmers
in Brazil.

To evaluate the relation between BioE and EEA and
between BioE and EEC, simple linear regression models were
performed using the SPSS 20.0 software (40), considering
a significance level of 95%. The adjusted trend lines were
plotted on a dual-axis graph to determine the balance
between the two efficiencies. Hence, it was possible to identify
the lifetime cow in the herd that resulted in the best
bioeconomic efficiency.

For all models, a manual check of the input parameters and
the results obtained were performed to detect distortions and
possible typing errors. In addition, careful validation based on
several scientific references (1, 3, 6, 7, 12, 24, 41–43) was carried
out to ensure the model’s representativeness.
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TABLE 2 | Herd structure (%) of 10 cow-calf systems (1,000 cows) with different lifetime cow (LT).

Category LT4 LT5 LT6 LT7 LT8 LT9 LT10 LT11 LT12 LT13

2-year-old bulls 0.19 0.22 0.24 0.25 0.26 0.26 0.27 0.27 0.28 0.28

3-year-old bulls 0.19 0.22 0.24 0.25 0.26 0.26 0.27 0.27 0.28 0.28

4-year-old bulls 0.19 0.22 0.24 0.25 0.26 0.26 0.27 0.27 0.28 0.28

5-year-old bulls 0.19 0.22 0.24 0.25 0.26 0.26 0.27 0.27 0.28 0.28

6-year-old bulls 0.19 0.22 0.24 0.25 0.26 0.26 0.27 0.27 0.28 0.28

1-year-old cows 17.02 14.02 12.12 10.85 9.92 9.23 8.70 8.28 7.94 7.66

2-year-old cows 14.98 12.33 10.68 9.55 8.73 8.12 7.65 7.28 6.98 6.74

3-year-old cows 13.03 10.72 9.29 8.30 7.60 7.07 6.66 6.34 6.08 5.87

4-year-old cows – 9.44 8.17 7.31 6.69 6.23 5.86 5.58 5.35 5.16

5-year-old cows – – 7.18 6.43 5.88 5.47 5.16 4.91 4.71 4.54

6-year-old cows – – – 5.66 5.18 4.82 4.54 4.32 4.13 4.00

7-year-old cows – – – – 4.56 4.24 3.99 3.80 3.64 3.52

8-year-old cows – – – – – 3.74 3.51 3.34 3.21 3.10

9-year-old cows – – – – – – 3.09 2.94 2.81 2.72

10-year-old cows – – – – – – – 2.59 2.48 2.40

11-year-old cows – – – – – – – – 2.19 2.10

12-year-old cows – – – – – – – – – 1.86

Cull bulls 0.19 0.22 0.24 0.25 0.26 0.26 0.27 0.27 0.28 0.28

Cull cows 16.12 13.09 11.18 9.88 8.94 8.25 7.71 7.29 6.95 6.67

Replacement heifers 17.02 14.02 12.12 10.85 9.92 9.23 8.70 8.28 7.94 7.66

Male calves 19.15 19.84 20.28 20.57 20.79 20.95 21.07 21.17 21.25 21.31

Female calves 1.55 5.22 7.54 9.10 10.23 11.09 11.74 12.26 12.66 13.01

Total 100 100 100 100 100 100 100 100 100 100

TABLE 3 | Number and average weight per animal sold and weight of calves at weaning in 10 cow-calf systems with different lifetime cow (LT).

Systems Bulls Cows Male calves Female calves Total

Head (Kg/hd) Head (Kg/hd) Head (Kg/hd) Head (Kg/hd) Head (Kg/hd)

LT4 5 (768) 358 (457) 425 (185) 34 (150) 821 (306)

LT5 5 (768) 281 (463) 427 (190) 112 (163) 825 (283)

LT6 6 (768) 236 (462) 427 (192) 159 (167) 828 (268)

LT7 6 (768) 206 (462) 428 (194) 189 (173) 829 (260)

LT8 6 (768) 184 (462) 428 (195) 211 (177) 829 (254)

LT9 6 (768) 169 (462) 428 (196) 227 (180) 830 (250)

LT10 7 (768) 157 (462) 429 (197) 239 (181) 832 (246)

LT11 7 (768) 148 (461) 429 (197) 248 (182) 832 (244)

LT12 7 (768) 140 (460) 429 (197) 256 (183) 832 (242)

LT13 7 (768) 134 (459) 429 (197) 262 (183) 832 (240)

The weaning weight is represented by the average weight of male calves sold. Kg/hd, kilogram/head.

RESULTS

Herd Structure Submodel
The herd composition, the number of heifers retained for
replacement, and the number of calves weaned varied in the
different cow-calf systems according to each LT (Table 2). The
results showed that the reduction in the culling age cow requires
a higher replacement of heifers. The LT4 obtained a higher
replacement of heifers than LT6 (47.7%), LT8 (83.3%), and
LT13 (145.5%).

The systems also varied concerning the weaning rate, the
number of animals sold, the average weight per category, the total
kg sold, and their distribution by category (Table 3). Systems that
culled older cows had a higher rate and weight at weaning than
those that culled younger cows. However, production per animal
was higher in the younger culled cow systems.

Systems that remained with their cows for longer, sold more
male and female calves and with a higher average weight in
both categories. In contrast, herds that culled younger cows, sold
lighter cows, but in higher quantities. In addition, the younger
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FIGURE 4 | Total metabolizable energy (ME) used in 10 cow-calf systems with different lifetime cow (years) and their respective distribution of ME for maintenance,

growth, lactation, and gestation. The numbers in % (middle of the columns) represent the portion destined for each function of the total energy consumed by the

system itself.

the culled cow was, the higher the TP was, even with the lowest
number of animals sold. The LT4 showed a 7.1% superiority in kg
sold over LT5 due to the higher number of cows sold by age limit.
This was the biggest difference between sequential scenarios,
similar to the variation found between LT7 and LT13.

Energy Requirements Submodel
The largest MECC was found in 4-year-old cows and the lowest
in 2-year-old cows. Mature weight cows were the ones that
used more ME for maintenance functions (74%), while 2-year-
old cows the ones used less (66%). In contrast, 2-year-old cows
demanded a higher proportion of MEg (14%) than other cows in
the herd.

In relation to the systems, the MEC was higher in younger
cows, with a 10.8% superiority of LT4 over LT13. However,
systems that remained with 11 to 13-year-old cows did not
vary in relation to the use of MEC. Although the total
volume of MEm used by LT4 was 4.7% higher than LT13,
this energy presented a greater proportion in LT13 (Figure 4).
However, for MEg, it was not the same, as the LT4 consumed
108.4% more of this energy than the LT13 and was the one
that presented the highest proportion of consumption among
the systems.

The BioEC was 21.6% higher in 2-year-old cows than 12-year-
old cows, as they needed 33.5 Mcal of ME to produce one kg of
LW while the older 40.8 Mcal of ME. In systems, the best BioE
was LT4 with a 12.3% superiority over LT13, due to the need
for 35.7 Mcal of ME to produce one kg of LW in the smallest
LT and 40.7 Mcal of ME in the largest (Figure 5). The LT11
presented BioE only 1% higher than LT13, which demonstrates

the proximity between the systems and the formation of a plateau
when the cows are culled after 10 years old.

Forage Production Submodel
Systems that culled younger cows required less production area
and had a higher proportion of cultivated pasture compared
to systems that culled older cows (Table 4). The LT4 used a
production area 23% smaller than LT13, but it needed a 144%
larger area of oat/ryegrass pasture.

As the culling age of cows was reduced, there was an increase
in stocking and productivity of the systems. The LT4 obtained
higher stocking and productivity of 28 and 55.6%, respectively,
in relation to LT13. Ergo, the older the cows were culled, the
smaller was the difference between the sequential systems of only
1% from LT11.

Economic Submodel
The lower the LT, the higher was the total revenue (TR) of the
cow-calf system (Figure 6). The systems of cows culled older
showed the composition of their TR predominantly by male and
female calves, representing 73.6% in LT13 (Table 5). In contrast,
systems with younger culled cows showed greater participation
of cows and bulls in the TR, with LT4 reaching 59%. Despite the
increase in TR with the reduction in the culling age of cows, the
production costs increased considerably, mainly for feed, which
caused a decrease in GM.

The cost of LT4 was higher than LT8 (37%) and LT13 (53.8%).
The greater participation in production costs in all systems was
related to the production of cultivated oat/ryegrass pasture for
younger females. In addition to pasture, the items that impacted
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TABLE 4 | Total production area, oat/ryegrass pasture, and productivity in 10 cow-calf systems with different lifetime cow (LT).

LT4 LT5 LT6 LT7 LT8 LT9 LT10 LT11 LT12 LT13

Total production area (ha) 1,210 1,307 1,363 1,400 1,427 1,446 1,461 1,472 1,481 1,489

Oat/ryegrass pasture (%) 29.30 21.73 17.67 15.18 13.50 12.30 11.41 10.73 10.19 9.76

Productivity (kg/ha) 207 178 163 153 147 143 140 137 135 133

FIGURE 5 | Biological efficiency: Mcal of metabolizable energy (ME; values over the bars) consumed per kg produced represent in 10 cow-calf system with different

lifetime cow (LT). The LT4 is the most efficient among all LT, therefore it was represented with 100%.

FIGURE 6 | Total revenue (TR) and total cost (TC) per cow in 10 cow-calf systems with different lifetime cow (LT; years).

the costs in LT4 to LT6 the most were mineral salt, labor, and
the purchase of bulls, presented in order of importance. From
the LT7, labor became the second-highest cost and mineral salt
the third.

The economic efficiencies of the systems (EEC and EEA)
demonstrated that EEC was directly proportional to the increase
in the cow culling age (r2 = 0.96; p < 0.001), with the LT13
presenting an EEC 8.4% higher than the LT4, but only 2% higher
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TABLE 5 | Composition of revenue and costs of production and gross margin of 10 cow-calf systems with different lifetime cow (LT).

Item LT4 LT5 LT6 LT7 LT8 LT9 LT10 LT11 LT12 LT13

Revenues (%)

Bulls 1.14 1.35 1.49 1.58 1.64 1.69 1.72 1.76 1.78 1.80

Cows 57.82 48.06 41.43 36.69 33.19 30.55 28.52 26.92 25.61 24.55

Male calves 38.69 41.89 44.00 45.32 46.20 46.87 47.38 47.82 48.17 48.46

Female calves 2.34 8.70 13.08 16.41 18.97 20.89 22.38 23.51 24.44 25.18

Total 100 100 100 100 100 100 100 100 100 100

Costs (%)

Fixed

Accounting 0.14 0.16 0.17 0.18 0.19 0.20 0.20 0.21 0.21 0.21

Electricity 0.58 0.66 0.72 0.77 0.80 0.83 0.85 0.87 0.89 0.90

Taxes 2.41 2.94 3.35 3.65 3.89 4.08 4.24 4.36 4.47 4.56

Maintenance 1.02 1.17 1.29 1.37 1.44 1.50 1.54 1.58 1.61 1.63

Labor 12.16 13.76 14.99 15.92 16.65 17.24 17.71 18.10 18.42 18.69

Insurance 0.62 0.70 0.76 0.81 0.85 0.88 0.90 0.92 0.94 0.95

Variables

Purchase bulls 5.01 6.38 7.40 8.18 8.78 9.27 9.66 9.99 10.26 10.48

Oat/ryegrass 50.54 45.81 42.33 39.68 37.60 35.95 34.61 33.52 32.61 31.85

Fuel* 2.86 2.59 2.39 2.24 2.13 2.03 1.96 1.90 1.84 1.80

Veterinarian** 0.93 0.84 0.77 0.72 0.69 0.66 0.63 0.61 0.59 0.58

Pre-dried 3.59 3.70 3.63 3.58 3.55 3.52 3.49 3.47 3.46 3.44

Reproduction 3.44 3.14 2.93 2.77 2.64 2.54 2.46 2.39 2.34 2.29

Mineral salt 13.05 14.22 15.12 15.81 16.34 16.76 17.10 17.38 17.61 17.80

Animal health 3.67 3.94 4.16 4.32 4.45 4.55 4.63 4.70 4.75 4.80

Total 100 100 100 100 100 100 100 100 100 100

Costs represented in US$.*Fuel costs were measured for maintaining cultivated pasture. **The disbursement to the veterinarian was calculated as a cost of cesarean section on 5% of

calving from females from 22 to 24 months of age (44).

than the LT8 (Figure 7). For the EEA, the results were contrary,
with the superiority of the systems that culled younger cows (r2

= 0.97; p < 0.001). After all, among the 10 cow-calf systems,
LT4 had a better EEA than LT5 (5.4%), LT6 (8.7%), and LT13
(13.4%). It is noted that the EEC obtained more regularity among
the systems, since, from LT10 (US$ 161.67) to LT13 (US$ 168.40),
the variation was 0.4%, while the EEA varied 1.5% between those
same systems.

The higher presence of young cows in the systems also
required greater investment in high-cost resources, while the
presence of older cows used lower-cost resources, such as
natural grasslands instead of cultivated pasture. Even with the
lowest biological efficiency, the older cow systems are more
economically efficient. The regression demonstrated that the
bioeconomic efficiency in herds of calves that have their energy
requirements met is reached when culling cows is close to 6 years.
Therefore, among the simulated scenarios, LT6 was the one with
the best efficiency when considering BioE, EEC, and EEA.

DISCUSSION

The proposed model served its purpose and was able to
represent typical cow-calf systems of Southern Brazil validated
by performance checks and evaluations (41). The herd structure
submodel used validated experimental data and logic for its

construction (1, 6, 7, 24). Our findings demonstrate coherence,
maintaining the appropriate proportions between the cows’ age
groups in each system. In comparison with the participation of
each age group of cows at calving in similar studies (1, 7), the
herd structure results were similar (Table 6) and was also verified
and tested to ensure credible results.

The culling of 50% of replacement heifers after 5 years also
indicates the consistency of the submodel, as similar results have
been reported in researches that culled half of the heifers retained
for replacement between 4 and 5 years after their insertion in
the cow-calf herd (7, 42, 43). The greater number of replacement
heifers in the lower LT systems is justified by the shorter lifetime
cow in the herd. For the system to maintain its structure and
stability, the number of replacement females must be the same as
that of culled females, regardless of the reason for culling (6, 7).

Most of the equations inserted in the energy requirement
submodel have been independently validated (4, 21, 32). The
exposed results were also relevant, since the consumption of
8,136 Mcal of ME/cow/year in LT11 agree with the results of
Lamb et al. (1).

The lower age of culling cows also increases the number of
culled cows, even with the production of a calf, and the high
concentration of cows in lower age groups increases the number
of cows of the last calving that are culled at weaning. Despite
culling a larger number of cows, the total number of animals in
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FIGURE 7 | Linear regression of biological efficiency (BioE), economic efficiency per cow (EEC) (r2 = 0.96; p < 0.001) and economic efficiency per area (EEA) (r² =
0.97; p < 0.001) of 10 cow-calf systems with different lifetime cow (LT). Crossing point of the straight lines is the optimum point between biological and economic

efficiencies.

TABLE 6 | Percentage of cows at calving by age groups in a cow-calf herd.

Cow age (years) 2 3 4 5 6 7 8 9 10 11 12

Age group of cows at calving (%)

Lamb et al. (1) 18 15 13 54 -

Roberts et al. (7) 17 15 13 11 10 9 8 6 5 3 3

Model 16 14 12 11 10 8 7 7 6 5 4

Data based on Angus cows; 87.5% average calving rate; 18% heifer replacement; 2% of cow mortality; 5% mortality of calves of 2-year-old cow; 2% mortality of calves of cows above

2 years old; 12 years of lifetime cow in the herd.

the herd increases, as for each culled cow, a heifer is retained
for replacement. As a result, in addition to more cows from the
last season from weaning to calving, there are ore heifers from
weaning to the next reproductive period. Therefore, the younger
culling age increases the number of animals in the herd and,
consequently, these systems present a higher ECM and MEm.

Another factor that accentuates the energy consumption of the
herd is that the lowest LT systems have the highest number of 4-
year-old cows, and they have the highest MECC among all the
age groups. Even if they consume lessMEm andMEy thanmature
cows, they still require MEg to grow 4% of their live weight (23).
The MEm variations in the different systems demonstrate the
coherence of the results regarding energy distribution of 68%
(LT4) to 72% (LT13), as established by the classic literature of 70%
(3). After all, although lower LT systems consume more MEm, it

was the higher LT systems that used most of the energy for this
function, since it presents more mature animals.

These findings are essential to the rural manager who intends
to reduce the culling age of cows to reduce feed consumption by
the herd, believing that replacing a mature cow with a young cow
will. In fact, at the beginning of the reproductive life, a young
cow consumes less ME than an adult cow. However, greater cow
culling will raise the system requirement overall. Therefore, it
is essential that the rural manager understands the implications
imposed by this change when changing the herd dynamics.

The reduction in the culling age of cow also increases the
number of animals growing in the herd, since in LT4 and LT5
systems, only bulls from 5 to 7 years old have reached mature
weight. The greater presence of young animals in the herd
increases the MEg consumption, given that this animals allocate
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the greatest amount of ECM for growth functions (4). So, in
addition to a greater number of animals to feed, these systems
have the challenge of meeting the energy requirements of more
demanding cows and for this, it is necessary to invest more in
better quality feed that is expensive.

The increase in production cost per cow and per system, as
the LT decreases, is due to the high disbursement for cultivated
pastures that have elevated implantation and maintenance costs.
Nevertheless, cultivated pastures are indispensable to meet the
energy requirements of low LT systems and avoid culling cows
due to reproductive failures or calving difficulties (45, 46),
especially for young cows. Although only 10% of the total area of
LT13 consists of oat/ryegrass pasture (144 ha), this was the most
representative item for this system because feed costs are among
the most onerous for beef cattle production systems (47–49).
Hence, it is important to clarify that the increase in the number
of animals, as the LT decreases, also contributes to the increase in
costs, as there is a need for a greater feed supply.

Systems thatmaintain cows for longer present a larger number
of mature cows, due to a greater number of age groups and,
consequently, less culling by age. Mature cows are the ones that
most require MEm and MEy (4), they demand that these systems
use the highest proportion of ME for these functions. The same
premise is valid for MEl, since cows at 4 years already consume
the same amount of this energy as mature cows (4). As these
systems cull fewer cows by age, it is necessary to retain fewer
female calves for rearing and later replacement, so the larger LT
allows for selling more female calves.

It is important to highlight that this performance is only
possible in systems with high weaning rates and a feed availability
compatible with the herd requirements. Otherwise, all female
calves will be retained for replacement, and there will be no
surplus for sale. In other study in cow-calf systems with different
heifer replacement rates, the herd with the least replacement
showed a higher surplus of female calves for sale (7).

In contrast, the reduction in the culling age of cows in stable
systems allows the increase of LW for commercialization (6). This
is due to the higher average weight per animal sold in the system
because of the greater proportion of cull cows sold heavier than
weaned calves. It was these circumstances that allowed LT4 to
achieve superiority of TLWS because, despite being the system
that sold the least weaned calves, it was the one that sold the most
cull cows and, consequently, obtained the highest TR. Therefore,
the lower LW sale of weaned calves is offset by the higher sale
of culled cows (7). In this simulation, the higher TR, due to
higher productivity, is accompanied by higher production costs
in systems with lower LT, as a consequence of the high system
intensification to meet the energy requirements, which agrees
with other in loco studies (49, 50).

The inverse relation between TR and LT is caused by the
increase in the number of cull cows that can improve the
economic results of cow-calf systems (51) without compromising
the herd structure, as long as the reproductive indices are
adequate. However, this strategy can damage herd structure
henceforth if there is inadequate heifer replacement. In practical
terms, systems with a weaning rate below 65% cannot cull all
cows that failed to wean a calf. After all, in addition to the

challenge of a high energy supply for growing animals and the
increased production costs, the systems will not be able to replace
the number of heifers needed.

Furthermore, considering that a significant number of farmers
sold cows in reproductive age in past crisis, the state herds
structure in the following years was also impacted, compromising
the competitiveness of the entire beef supply chain (52).
Moreover, the relationship between revenue and TLWS, although
direct, is not proportional because the selling price of animals
varies according to the category and must be considered in the
selection of the best LT for the system, giving the fluctuations and
market trends.

In Brazil, the slaughter of females represents, on average 41%
of the cattle slaughtered in 2018 (52), while in the analyzed
region the historical average is 48% (53). The main reasons for
this high participation are the reproductive failures, culling age
or strategies to increase the revenue of the systems, since, on
average, the kg price of the cull cows is about 70% of a calf kg (38,
39), which contributes to cow-calf systems to remain competitive.

However, in other countries such as theUSA, this ratio average
is only 36%, with the price of cull cow kg at only 30% of calf ’s kg
(54), which discourages farmers. Therefore, the total number of
kilograms sold becomes more important than the price received,
ergo, themarket must be understood for the system to achieve the
best economic results. In this sense, this model allows the analysis
of cow-calf systems and their market to assist in decision-making
regarding the configurations of the herd for better efficiency.

The best BioEC presented by the 2-year-old cow is a
consequence of the lower proportion of ME for the maintenance
function and the greater part for the production functions (MEg,
MEl e MEy) (4). Whereas, after a cow reaches 10 years, it begins
a gradual weight loss (7), which also decreases the BioEC. This
process of converting energy into a marketable product explains
the best BioE presented by the systems with the lowest LT
and confirms the hypothesis that younger cow herds are more
efficient. Seidel andWhittier (6) found the best efficiency in cow-
calf systems when culling cows at 2.5 years old (LT3), after the
first calf. However, this system is not supported, as it is unable
to produce the necessary number of replacement heifers for the
next productive cycle. Therefore, the best BioE of the herd is
dependent on the highest proportion of 2-year-old cows.

Although BioE was better at LT4, these systems face challenges
such as high feed costs, making this LT the worst in EEC. Aside
from this, the management of these herds has high operational
complexity, and management failures can compromise calve
production in the next cycle if the high energy requirements
are not met. These results were similar to other studies, which
observed a reduction in the difference in efficiency between
sequential systems as the cow culling age increased. This is
because there was an increase in nutrient demand and a
reduction in kg production due to the greater number of mature
cows (8, 12).

Because of the lower costs, GM was higher in larger LT, which
also gave to LT13 the best EEC. However, the systems that culled
younger cows had much smaller production areas, which gave
these systems the best efficiency per area (EEA). Therefore, when
considering economic efficiency from an individual point of view,
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the system that kept its cows longer, was more economically
efficient despite being less productive and biologically efficient.
Nevertheless, from the land-use point of view, those that
remained less time with their cows were biologically and
economically more efficient. Consequently, the system with the
ideal bioeconomic efficiency is the LT6, which culled cows at
about 5.5 years old.

Although this model is based on the particularities of Brazilian
production, with a predominance in grassland production, the
GM per cow among the systems (US$ 155.05 to US$ 168.30) is
similar to countries with developed production, such as the USA,
in which the average GMper cow over the past 10 years was about
US$ 147.61 (55). This confirms the consistency of the model and
is reliable to simulate cow-calf systems in different realities and
markets, being appropriate to predict its economic results.

Additionally, even if the land costs have not been considered
in this model, it is an important factor in farmers’ decisions
for the level of investments in the system. The increase in
land prices requires production intensification through the
improvement of productive indexes so that the system remains
economically viable. In breeding systems, it represents an growth
in productivity, as the proportion of young cows increases in the
herd due to better quality forages. Therefore, expensive land is
proper for young cow production to justify the high investment.
In contrast, low-priced land is generally characterized by low
nutritional feed or by the inadequacy for cropping, which can
lead to a reduction in technological investment (56, 57). Such
lands are destined for herds with a higher proportion of adult
cows, which have the capacity to extract the nutrients necessary
for the production of lower quality feed.

Therefore, the culling age of cows is not imperative
concerning the bioeconomic efficiency of cow-calf systems,
but rather a tool for decision-making, since natural resources
can directly impact the herd characteristics. Aside from this,
bioeconomic efficiency is dependent on the market in which the
system is inserted, and this model can predict which are the best
configurations or changes that rural managers should consider
for this decision-making.

CONCLUSION

Understanding and adjusting the lifetime cow in the herd is
fundamental to the bioeconomic efficiency of cow-calf systems

due to the modifications it causes in herd structure. This
is because a larger number of young cows can improve the
productivity and revenue of the system, but it also presents
greater operational complexity and production cost than systems
that keep older cows.

Even so, the shorter lifetime cow enables the increase of
biological and economic efficiency when the production area is
the primary resource of the system to generate the economic
result. Nevertheless, the longer lifetime cow offers greater
economic efficiency when the cow is the most relevant resource,
even if the biological efficiency is lower. Hence, systems with
younger cows are indicated for regions that allow production
intensification and pay more for cull cow, while systems with
older cows should be used where it is difficult to intensify and/or
commercialize the cull cow profitably.

Therefore, it is not only the cow culling age that will define
the best bioeconomic result of the system but also the capacity
of the rural manager to understand his production system and
to plan the cows’ lifetime according to the opportunities that his
system its capable of. Finally, the farmers also should consider
and analyze the market to provide the product demanded by the
customer and achieve the highest efficiency.
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