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Abstract: In New Zealand, surplus dairy-origin calves not needed as replacement or for beef cattle
farms requirements for finishing are commercially slaughtered within two weeks of age. This system
has perceived ethical issues which can potentially negatively affect the dairy industry. Therefore,
a young beef cattle production system to maximize the use of excess calves within the land size
constraint is considered as an alternative to a traditional 18 to 33-months slaughtering system. The
current study examined the effects of young beef cattle production with slaughter ages at 8 to
14 months on pasture utilization, farm profitability and selling policy on class 5, intensive finishing
sheep and beef cattle farms in New Zealand. A linear programming model that had previously been
developed for this farm class (optimized traditional beef cattle system) was modified to include a
young beef cattle slaughter system and identified the carrying capacity for young and traditional beef
cattle and the selling policy required to optimize pasture utilization and farm profitability. Systems
with young beef cattle slaughtered at 8, 10, 12 or 14-months of age were simulated without (Scenario I)
or with (Scenario II) decreasing the number of traditional beef cattle. Daily per head energy demand
for maintenance and live weight change was estimated and converted to kg DM /head on a bimonthly
basis. Carcasses from young beef cattle were processed as one class under manufacturing beef price
(NZ$4.50). The modified young and traditional beef cattle slaughtering system maintained an extra
6% and 35% beef cattle in Scenario I and Scenario II respectively, and finished 90% and 84% of
traditional beef cattle before the second winter. Pasture supplied 98% of the feed demand for the beef
cattle activities and 79-83% of that was consumed. Mixed young and traditional beef cattle finishing
scenarios returned 2% less gross farm revenue per hectare (GFR/ha). However, earnings before tax
per hectare (ETB/ha) in Scenario I and Scenario Il were 15-25% greater than that of the optimized
traditional beef cattle system, respectively. Young beef cattle production increased pasture utilization
and farm profitability and increased selling options for finished beef cattle. Therefore, the young
beef cattle system is a viable option for farmers and will help to reduce the need to slaughter calves
within two weeks of age.

Keywords: farm profitability; linear programming; marketing policy; pasture utilization; sheep and
beef farm; young beef cattle

1. Introduction

New Zealand produces an average of 679,000 tonnes of beef annually [1], of which
more than 80% is exported [2]. This contributes to one percent of world beef production
and six percent of global beef exports [3,4]. Cattle for beef production can be sourced from
beef breeds or can be of dairy origin [4-9]. Dairy-origin cattle include cull cattle at the
end of their primary productive life, and heifer, steer and bull calves that are transferred
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to beef-finishing farms [4,6,7,10-14]. Cattle of dairy origin contribute 73% of annual beef
production in New Zealand [1,15] with more than 50% of calves for beef finishing being
sourced from dairy farms [1,15].

Approximately 4.5 million calves are born annually on New Zealand dairy farms [1,16]
with 28% retained as heifer and bull replacements [1,15,17]. Of the remainder, calves will
be transferred to beef and sheep farms to be used for beef cow herd replacements or
for beef production with slaughter at 18 to 33 months of age. However, the majority
of the calves are slaughtered at 8 to 14 days of age directly from the dairy farm, as a
means of disposal [4,10,16]. In New Zealand, surplus calves slaughtered before 2 weeks
of age are called “bobby calves” [1,15-17]. In 2020, New Zealand processed 1.9 million
bobby calves [1]. The processing of bobby calves has potential animal welfare and ethical
issues [18] that will likely impose a risk for the market sustainability dairy cattle industry
in New Zealand [16,17,19,20].

If more bobby calves entered into beef cattle systems, ethical issues related to the
bobby calf production would be reduced [16,17,20] and more beef could be supplied to
meet global meat demand [21,22]. This might also provide financial opportunities for both
beef and dairy cattle farmers [5,16,17,23]. However, due to resource constraints in New
Zealand, in particular for grazing land, it would be unmanageable to finish all surplus
dairy calves for beef at the age of 18 to 33 months. Young beef production is a possible
solution which can optimize land constraints and the number of animals finished for
beef [5,13,16,17,23].

The concept of young beef production in a New Zealand setting would utilize dairy-
origin cattle slaughtered less than 14 months of age [24-26]. It would potentially allow a
greater number of cattle to be managed in grazing systems for beef production and provide
a faster rotation of animals from birth to slaughter [27,28]. Young beef production also
has potential to reduce the environmental footprint compared to traditional beef cattle
finishing systems [13,28]. Animals of a similar age are already produced in Europe and
marketed under different descriptions such as Jungrindfleisch (Austria, German), rose veal
(Ireland), or carne de ternera (Spain) [10,29].

However, there is currently no study which examines the effects of young beef cattle
production compared to the existing traditional beef cattle production systems in terms
of feed consumption, animal productivity and farm profitability for pasture-based beef
cattle finishing farms in New Zealand. Without this knowledge, farmers would not have
the confidence to change to a young beef cattle system or a mix of young and traditional
beef cattle on sheep and beef cattle farms.

Therefore, this study was initiated with specific objectives of examining feed demand
and utilization, animal performance and farm profitability in a pasture-based production
system that incorporates young beef cattle slaughtered at the ages of 8, 10, 12 or 14 months
on Class 5 sheep and beef cattle farms. A profit maximization model that had previously
been developed [30] for this farm class was modified to include young beef cattle with
or without decreasing traditional beef cattle within the system to identify the optimum
number of young and traditional beef cattle and the marketing policies for the given feed
resources to optimize feed utilization and farm profitability. The output from this new
model will provide insight to farm advisors and farmers regarding to the potential use of
young beef cattle finishing system under New Zealand’s pasture-based farming conditions.

2. Material and Methods

A profit maximization farm model for a Class 5 pasture-based, intensive finishing
sheep and beef cattle farm in the North Island of New Zealand was developed using
linear programming [30]. Detail descriptions of the model development, input and output
parameters were reported by [30]. Briefly, the model was developed for a one-year horizon
using bimonthly periods. This allows nonlinear pasture growth rates to be transformed
into linear rates, thereby creating linear relationships between feed supply and animal
demand. This also enabled daily live weight gains of growing livestock to be combined into
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bimonthly periods. Thus, the model enabled the calculation of the number of beef cattle
and sheep in bimonthly periods based on the carrying capacity of the given feed supply
and the determination of the type and number of beef cattle and sheep that should be sold
at any given bimonthly period. In the model, the sheep proportion of total farm feed intake
was assumed to be constant and the sheep:beef cattle ratio was fixed (50:50 respectively),
which allowed the study to focus on the beef cattle aspect of the enterprise [30].

Total kilograms of pasture dry matter mass (kg DM) was the sum of residual post-
grazing pasture and the net pasture accumulation in bi monthly periods [31-34]. Utilizable
kg DM of pasture was estimated as functions of maximum (i.e., 2500 kg DM for beef cattle
and 1800 kg DM for sheep grazing) and minimum limits (i.e., 1500 kg DM for beef cattle and
800 kg DM for sheep grazing) of the total pasture mass and utilization percent [32,33,35].
Herbage above the maximum limits, when pasture supply exceeded animal demand, was
conserved as silage and utilized during winter [35]. Silage was supplied to traditional beef
cattle in their second winter and mature ewes at a maximum of 30% of the total feed intake
to ensure that the allocated kg DM did not exceed gut-fill capacity [36].

The current study included a range of dairy-origin young beef cattle slaughtered at 8,
10, 12 or 14 months of age on the optimized Class 5 pasture-based, intensive finishing sheep
and beef cattle farm model (optimized traditional beef cattle system). Holstein-Frisian
(33.1%), Jersey (8.6%) and Holstein-Frisian-Jersey crossbreed (48.5%) are the main dairy
cattle breeds in New Zealand [37,38]. Dairy-origin calves with greater than 14/16 Holstein-
Friesian are defined as Holstein-Friesian calves and calves with greater than 14/16 Jersey
are defined as Jersey calves [38—40]. Friesian bulls are favored for bull finishing systems in
New Zealand; thus they were not considered in this study [9,41,42]. This study focused on
uncastrated male calves born from Holstein-Frisian-Jersey crossbred dams and first calving
heifers for young bull beef finishing and beef breed cross dairy breed calves for young
heifer and steer beef cattle finishing [7,8,38,43].

2.1. Model Scenarios

Two scenarios were considered: either with or without decreasing the number of
optimized traditional beef cattle. Scenario I was based on a competitive assumption where
young and traditional beef cattle were mixed and competed for a limited feed resource.
In this scenario, the number of weaners and slaughtering options for traditional beef
cattle were maintained the same as the optimized traditional beef cattle model. This
scenario examined which class(es) of young beef cattle from heifers, steers and bulls can
integrate with the existing sheep and beef cattle farm system. The subsequent effect it
would have on the marketing policies of traditional beef cattle, overall feed utilization
efficiency and farm profitability was examined. Scenario II replaced 25% of traditional
beef cattle number with young beef cattle and studied the variations on feed utilization
and farm profitability. Similarly, the slaughtering options for traditional beef cattle were
maintained the same as the optimized traditional beef cattle system. The number of young
beef cattle and traditional beef cattle in each of the slaughtering options were optimized for
farm profitability. This scenario examined the total number of young beef cattle that could
be supported with feed resource consumed by 25% of traditional beef cattle and their effect
on beef cattle marketing policies. Pasture utilization and farm profitability generated from
the current model were compared with the optimized traditional beef cattle and sheep
model [30]. In both scenarios, the proportion of sheep feed intake was maintained the same
as per the base model [30].

2.2. Young Beef Cattle Activities

Previous studies have examined the growth performance and carcass quality of young
steers slaughtered at the ages of 8, 10 and 12 months [24-26] and the growth and carcass
performance of young steers vs bulls slaughtered at 11 months of age from dairy-origin
cattle in New Zealand [44]. Young steers and bulls were shown to have the same growth
rate and carcass weight [44]. Thus, this study utilized live weight information for steers [25]
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and assumed the same live weight gains for bulls. Dairy-origin heifers were assumed to
have 10% lower weaning weight and live weight gain [29,45,46] compared to male calves.
To utilize excess spring pasture supply, this study extended the slaughtering ages of young
beef cattle to 14 months, based on live weight gain projected from 8-, 10- and 12-month-old
young beef cattle.

Four potential slaughtering ages at 8, 10, 12 or 14 months were allowed for each class
of young beef cattle. This added three constraints and 9 or 12 beef cattle activities in the
existing model (Table 1). Steers slaughtered at the ages of 8, 10 and 12 months attained
dressing out percentages of 47, 48 and 50% [24,25], respectively; the same values were
assumed for young heifer and bull beef cattle [47,48]. Similarly, young beef cattle slaugh-
tered at the age of 14 months were given a dressing out percentage of 50%. Carcasses from
young beef cattle were processed as one carcass class [25] and based on the existing carcass
weight classification system in New Zealand, those animal would earn the manufacturing
schedule beef price per kg carcass weight (NZ$4.50/kg carcass) [49,50].

Table 1. Age, weight and daily per head feed demand for various classes of young beef cattle (kg DM/head/day).

Heifer Steer Bull
Age * Average
(Moith) Weight (%(g) Slaughter Ages Slaughter Ages Slaughter Ages
H-8 H-10 H-12 H-14 S-8 S-10 S-12 S-14 B-8 B-10 B-12 B-14
3 100 35 35 3.5 35 37 3.7 3.7 37 37 3.7 3.7 37
115 3.8 3.8 3.8 3.8 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
4 130 3.6 3.6 3.6 3.6 3.8 3.8 3.8 3.8 39 3.9 3.9 3.9
142 3.8 3.8 3.8 3.8 4.0 4.0 4.0 4.0 4.1 4.1 4.1 4.1
5 155 42 42 42 42 4.5 4.5 4.5 45 4.6 4.6 4.6 4.6
164 5.5 55 55 55 57 5.7 57 57 5.7 5.7 57 57
6 180 5.7 57 57 57 5.9 59 59 5.9 6.0 6.0 6.0 6.0
194 5.4 5.4 5.4 54 5.6 5.6 5.6 5.6 5.7 5.7 5.7 5.7
7 206 6.2 6.2 6.2 6.2 6.4 6.4 6.4 6.4 6.5 6.5 6.5 6.5
222 6.5 6.5 6.5 6.5 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8
3 237 5.9 59 59 5.9 6.2 6.2 6.2 6.2 6.3 6.3 6.3 6.3
249 6.1 6.1 6.1 6.1 6.4 6.4 6.4 6.4 6.5 6.5 6.5 6.5
9 261 6.1 6.1 6.1 6.4 6.4 6.4 6.5 6.5 6.5
273 6.3 6.3 6.3 6.6 6.6 6.6 6.7 6.7 6.7
10 286 4.6 4.6 4.6 58 5.8 5.8 6.0 6.0 6.0
293 47 47 47 5.9 5.9 59 6.1 6.1 6.1
1 301 5.3 5.3 6.0 6.0 7.0 7.0
308 5.4 5.4 6.1 6.1 7.1 7.1
12 316 6.7 6.7 7.6 7.6 8.4 8.4
331 6.9 6.9 7.8 7.8 8.6 8.6
13 347 7.2 8.2 9.0
362 74 7.9 8.8
14 377 7.7 8.2 9.2
392 7.1 8.4 9.4

* The average weights are for steers/bulls (the corresponding heifers weights can be estimated as 90% of these values). H: heifers, S: steers,
B: bulls, 8: young beef cattle slaughtered at 8 months of age, 10: young beef cattle slaughtered at 10 months of age, 12: young beef cattle
slaughtered at 12 months of age, 14: young beef cattle slaughtered at 14 months of age.

2.3. Feed Demand Estimation for Young Beef Cattle

Per head daily metabolizable energy requirements were estimated using equations
from [33]. Energy requirement for maintenance was adjusted by plus or minus 7% for
pasture where M] ME/kg DM less than or greater than 10.5, respectively [33], as per the
base model [30]. Similarly, energy requirement for average daily gain was adjusted by plus
or minus 10% for pasture energy density less than or higher than 11.0 M] ME/kg DM [33],
respectively. The sum of energy for maintenance and live weight change was converted
into kg DM (Table 1) using the energy density of the given feed resource and multiplied
by the number of days in a bimonthly period to arrive at a per head bimonthly kg DM
requirement. On average, young beef cattle were given four stock units (a stock unit in
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New Zealand is defined as the annual feed requirement of a 55 kg ewe weaning one 28 kg
lamb consuming 550 kg DM per year) [36,51].

Annual sheep and beef farm expenditure for a Class 5 intensive finishing sheep and
beef cattle farm from [49] was used to estimate per stock unit farm expenditure as per the
base model [30]. The per stock unit production costs were evenly distributed across the
bimonthly periods (Table 1). Total farm expenditure (TFE) was computed by multiplying
the per stock unit expenditure with the number of young beef cattle in each slaughtering
age, their associated stock units and the number of bimonthly periods (Table 2) plus the
cost of purchasing weaners at three months age (NZ$450.00/head).

Table 2. Bimonthly per stock unit expenditure for various inputs of young beef cattle production.

Production Cost Young Cattle Young Cattle Young Cattle Young Cattle
Cattl Slaughtered at Slaughtered at Slaughtered at Slaughtered at
atle 8 Months 10 Months 12 Months 14 Months
Seed 0.61 0.81 1.01 1.22
Cultivation and 052 0.69 0.86 1.03
sowing
Feed and 1.26 1.68 2.10 253
grazing
Weed and pest 0.67 0.90 1.12 1.35
Wages and 2.69 3.59 4.48 5.38
salaries
Animal health 1.16 1.54 1.93 2.32
Fertilizer and 3.77 5.03 6.29 755
lime
Vehicles and fuel 1.69 225 2.81 3.37
Electricity 0.24 0.32 0.40 0.48
Other 14.47 19.29 24.11 28.94
Sum 27.07 36.09 45.11 54.14

Per hectare carcass outputs in both scenarios and the optimized traditional beef cattle
system were estimated as total carcass weight divided by the effective land size [52]. The
gross farm revenue (GFR), was estimated as the sum of revenue from sheep and beef cattle
activities including young beef cattle [30]. Total farm expenditure (TFE) was subtracted
from GFR to determine farm earnings before tax (EBT/farm). From that figure, gross farm
revenue per hectare (GFR/ha) and per stock unit (GFR/su), earnings before tax per hectare
(EBT/ha) and per stock unit (EBT/su) were derived by dividing by the effective farm area
(198 ha) and total stock units, respectively [30,49].

3. Results

Scenario I and Scenario II finished a total of 212 and 270 beef cattle per year which
were 6% and 35% higher compared to the optimized traditional beef cattle system (Table 3).
These scenarios finished 90% and 84% of the traditional beef cattle before the second
winter, respectively. In Scenario I, there were no young heifer beef cattle while 67% of
the young steer and bull beef cattle were finished at the age of 10 months. In Scenario II,
55% of young beef cattle were slaughtered at the age of 8 months (Table 3). There were no
steers slaughtered at 30 months of age in Scenario I as per the optimized traditional beef
cattle system.
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Table 3. The number of weaner steers and bulls, finished steers (S-18, S-28, S-30) and bulls (B-16,
B-18, B-20 and B-22) (sold for meat processing), young heifers, steers and bulls finished at 8, 10,
12 and 14 months of age and breeding ewes and rams, prime lambs (sold for meat processing) and
store lambs (sold to other farmers for finishing) and prime and replacement hoggets (between 4 to
16 months of age, mated at 8 months of age) and their equivalent stock units in the optimized beef
cattle system, Scenario I and Scenario II.

Beef Cattle and Sheep Optimized Traditional Scenario I Scenario II
Classes Beef Cattle System 8-12 8-14  8-12 8-14
Steer weaners 100 100 100 75 75
S-18 55 100 100 58 58
S-28 45 13 13
S-30 4 4
Bull weaners 100 100 100 75 75
B-16 7 10 8
B-18 44 7 7 47 47
B-20 36 63 74 28 6
B-22 13 20 11 22
Young heifer weaners 40 40
H-8 8
H-10 32 3
H-12
H-14 NA 37
Young steer weaners 2 2 40 40
S-8 26 26
S-10 2 14 14
S-12 2
S-14 NA NA
Young bull weaners 10 10 40 40
B-8 40 40
B-10 8 10
B-12 2
B-14 NA NA
Total beef cattle number 200 212 270
Breeding ewes 1100 1100 1100 1100 1100
Store lambs 345 345 345 345 345
Prime lambs 704 704 704 704 704
Replacement hoggets 330 330 330 330 330
Rams 11 11 11 11 11
Stock unit * 3141 3170 3173 3204 3204

 Optimized traditional beef cattle system: The traditional steers and bulls optimized using linear programming
developed by [30]. * Stock unit: average throughout the year; S-18: rising two-year steers (slaughtered at the age
of 18 months); S-28 and S-30: rising three-year steers (slaughtered at the ages of 28 and 30 months); B-16, B-18,
B-20 and B-22: rising two-year bulls (slaughtered at the ages of 16, 18, 20 and 22 months); H-8: heifers slaughtered
at 8 months of age; H-10: heifers slaughtered at 10 months of age; H-12: heifers slaughtered at 12 months of age;
H-14: heifers slaughtered at 14 months of age; S-8: steers slaughtered at 8 months of age; S-10: steers slaughtered
at 10 months of age; S-12: steers slaughtered at 12 months of age; S-14: steers slaughtered at 14 months of age
B-8: bulls slaughtered at 8 months of age; B-10: bulls slaughtered at 10 months of age; B-12: bulls slaughtered
at 12 months of age; B-14: bulls slaughtered at 14 months of age; 8-12: young beef cattle slaughtered at the age
of 8, 10 and 12 months; 8-14: young beef cattle slaughtered at the age of 8, 10, 12, 14 months of age; NA: no
data reported.
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Pasture available for beef cattle grazing in spring went up to 35 kg DM/ha/day
and dropped below 10 kg DM/ha/day during the winter season. In Scenario I, pasture
supplied 98% of feed requirements (Figure 1). Of the total feed available for beef cattle
activities, 83% was consumed.

40

Optimized traditional beef cattle system (no young beef cattle)

Total feed available and caten, kg DM/ha/day
i 1 .
U

10

35 Scenario | up to 12-months slaughtering age of young beef cattle

Total feed available and eaten, kg DM/ha/day
'

35 Scenario | up to 14-months slaughtering age of young beef cattle

)

Total feed available and caten, kg DM/ha/day
'
b

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Figure 1. Utilizable pasture available (black line) and eaten by the beef cattle activity (blue dashed line which included
silage) in the Optimized system and Scenario I throughout the year. The excess available herbage (i.e., neither utilized nor
processed for silage) is indicated by the green shaded area and the deficient available herbage (i.e., where cattle requirements
were greater than the available pasture) which was supplemented with silage as indicated by the striped area.

In Scenario II, where 25% of the traditional beef cattle were replaced with young beef
cattle slaughtered at the ages of 8 to 12 months, there was a feed utilization efficiency of
79% (Figure 2). This was increased to 83% when the slaughtering age of young beef cattle
extended up to 14 months of age (Figure 2). Pasture provided 98% of the feed requirements
of beef cattle activity in Scenario Il with the rest of feed provided by silage.
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Total feed available and caten, kg DM/ha/day

Total feed available and eaten, kg DM/ha/day

Total feed available and caten, kg DM/ha/day
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Optimized traditional beef cattle system (no young beef cattle)

Scenario Il up to 12-months slaughtering age of young beef cattle

Scenario Il up to 14-months slaughtering age of young beef cattle
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Feb
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Figure 2. Utilizable pasture available (black line) and eaten by the beef cattle activity (blue dashed line which included

silage) in the optimized system and Scenario II throughout the year. The excess available herbage (i.e., neither utilized

nor processed for silage) is indicated by the green shaded area and the deficient of available herbage (i.e., where cattle

requirements were greater than the available pasture) which was supplemented with silage is indicated by the striped area.

On average, the optimized traditional beef cattle system, Scenario I and Scenario II
produced 544.19, 549.30 and 566.41 kg carcasses per hectare per year, respectively (data not
shown). At these carcass outputs, Scenario I and Scenario II had 2% less GFR/ha than that
of the optimized system (Table 4). However, the average EBT /ha in Scenario I and Scenario
II were 15% and 25% higher than that of the optimized traditional beef cattle system

(Table 4).

Table 4. Total, per hectare, and per stock unit values of the gross farm revenue (GFR), total farm

expenditure (TFE), and farm earnings before tax (EBT) of beef cattle and sheep activity for the

optimized system, Scenario I and Scenario II.

Beef Total per  Total per
Systems Cattle Sheep Total Hectare  Stock Unit
NZ$ NZ$ NZ$ NZ$/ha NZ$/SU
Optimized GFR 297,700.39  175,820.19  473,520.57  2391.52 150.78
traditional TFE 207,523.49 73,789.22 281,312.71 1420.77 89.57
beef system * EBT 90,176.90 102,030.97  192,207.86 970.75 61.20
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Beef Total per  Total per
Systems Cattle Sheep Total Hectare  Stock Unit

NZ$ NZ$ NZ$ NZ$/ha  NZ$/SU
Seenario ] GFR 29132151  175820.19  467,141.69  2359.30 147.36
Cfs—1 21;’ TFE 172,114.98  73,789.22  246,522.81  1245.06 77.77
EBT 11920652  102,030.97  220,618.88  1114.24 69.60
Seenario ] GFR 289,300.37  175,820.19  465120.56  2349.09 146.59
.14) TFE 169,55823  73,789.22  243966.06  1232.15 76.89
EBT 119,742.15  102,030.97  221,154.51  1116.94 69.70
Seenario II GFR 283555654  175820.19  459,376.73  2320.08 14337
.12) TFE 148,076.59  73,789.22 22248442  1123.66 69.44
EBT 135479.95  102,030.97  236,892.30  1196.43 73.93
Seenario TI GFR 291,775.45  175820.19  467,595.64  2361.59 145.93
.14) TFE 148,044.68  73,789.22 22245251  1123.49 69.43
EBT 143,730.77  102,030.97 24514313  1238.10 76.50

 Optimized traditional beef cattle system: The traditional steers and bulls identified using linear programming
developed by [29]; 8-12: young beef cattle slaughtered at the ages of 8, 10 and 12 months; 8-14: young beef cattle
slaughtered at the ages of 8, 10, 12, 14 months of ages.

4. Discussion

Raising young (8 to 14 months of age) dairy-origin beef cattle is a new beef production
system being considered in New Zealand and thus understanding their growth, produc-
tivity and profitability on sheep and beef cattle farms would benefit farmers and farm
advisors. This study scrutinized the feed demand and pasture utilization, growth, produc-
tivity performance and farm profitability of young beef cattle slaughtered at the ages of 8,
10, 12, 14 months on Class 5 intensive finishing sheep and beef cattle farms in New Zealand.
A linear programming profit optimization model which was developed for the traditional
beef cattle finishing system of this farm class [30] was modified to include a young beef
cattle production system and identified the total number of young and traditional beef
cattle and marketing policies for the given feed resource to maximize farm profitability
and pasture utilization.

Young animals need less total feed per day for maintenance and growth [33,53,54]
which enabled Scenario I and Scenario II to finish 6% and 35% more beef cattle than the
optimized traditional beef cattle system. This was achieved by finishing 70% to 83% young
beef cattle under 10 months of ages and more than 90% (Scenario I) and 84% (Scenario
II) of traditional beef cattle before the second winter. This meant that a higher number of
lightweight beef cattle can be finished with the same amount of feed resource consumed
by heavier beef cattle. Previous studies conducted by [27,28,55] also identified that the
young beef cattle slaughtering system allowed higher stocking rate and greater throughput
of beef cattle per hectare which increases per hectare productivity. This implies a mix of
young and traditional beef cattle production system would allow farmers to run a greater
number of beef cattle per hectare to increase their profitability.

The current model was developed at the farm level where the pasture mass for beef
cattle grazing had minimum and maximum limits between 1500 and 2500 kg DM /ha
following the modelling rules imposed in the optimized traditional beef cattle system [30].
The beef cattle continuously grazed throughout the farm. However, paddock-based rota-
tional grazing allows more flexible maximum and minimum pasture limits than continuous
grazing [56-59]. Thus, partitioning the whole farm into paddocks for rotational grazing
would allow beef cattle grazing below 1500 kg DM /ha during winter in individual pad-
docks. This practice would allow feeding of a higher number of beef cattle during winter
to increase spring pasture utilization.

Finishing of 1.9 million bobby calves [1] at an average age of 24 months, would require
approximately 8360 million kg DM or 760,000 ha of extra land. Alternatively, these could
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be finished as young beef cattle, requiring 50% less kg DM of pasture for feed. Numerical
and profitability outputs of Scenario II of the current study showed a pathway to more
efficient and profitable young and traditional beef cattle production system in New Zealand.
Similarly, [17] reported that processing a high number of beef-cross-dairy breed calves
for beef provides a pathway to a more efficient and profitable beef production system in
New Zealand. This would facilitate the need to increase the proportion of selected bull
semen to breed with dairy cows to modify the genetic orientation of dairy-origin cattle for
beef and to make sure that fast-growing dairy-origin calves are available for young beef
production [16,17]. Progeny testing evaluation of Angus and Hereford sires on improving
the live weight of dairy-origin cattle by [60] has shown the use of appropriate beef sires
has a potential to increase live weight and growth of cattle born on dairy farms.

Older (two years old) beef cattle are a flexible stock class due to their ability to
accommodate short term feed supply changes [33]. The current study provided silage
for beef cattle in their second winter at a maximum of 30% of the total kg DM. In both
Scenarios I and 1I, silage supplied 2% of the total feed demand for beef cattle activity.
The total pasture utilization of Scenario I and Scenario II of the current study was nearly
the same as total feed utilization of the optimized traditional beef cattle system. A study
conducted by [52] identified that young beef cattle had higher pasture utilization than older
cattle. This indicates that a young beef cattle production system could be an alternative to
improve pasture utilization where conserving excess pasture as silage is impractical for
the reasons of high processing cost or unsuitable landscape including hill and hard hill
country sheep and beef cattle farms of New Zealand [35,61,62].

Conserving the excess spring pasture as silage/hay is costly [59] and practically
difficult on the majority of sheep and beef cattle farm classes in New Zealand [35,63].
Spring-born three-month-old weaners coming into the beef finishing system in November
of the current study increased pasture utilization. Buying earlier-born heavier weaners
(for example, October weaners) would further increase spring pasture utilization, which
would assist in controlling pasture quality. This would also help to make sure that animals
attained the expected slaughter weight before the traditional pasture supply decline during
the winter season [54]. The current study did not consider alternative feed sources such as
buying supplementary winter feed [35,52], or growing winter forage, which may allow a
higher number of young beef cattle to be considered [35,63].

Mixed young and traditional beef cattle slaughtering systems in Scenario I and Sce-
nario II increased carcass outputs per hectare by 1% and 4% respectively than that of the
optimized beef cattle system. At these carcass outputs, each scenario returned 2% lower
GFR/ha, however, 15 and 25% higher EBT /ha in Scenario I and Scenario II respectively
compared to the optimized beef cattle system. Similarly, [52] and [17] reported that young
beef cattle production can improve farm profitability. Combined, this indicates that beef
cattle farmers would improve their per hectare farm profitability with less production cost
by rearing young and traditional beef cattle [42].

There is no carcass classification and grading system for young beef cattle in New
Zealand [26] and the current study processed them as one class [25] at manufacturing beef
price (NZ$4.50) [50]. A premium price of NZ$5.00 per kg carcass by targeting different
markets was simulated [24]. At this price, GFR/ha in Scenario I remain unchanged,
however, Scenario II returned nearly the same GFR/ha as the optimized traditional beef
cattle system (data not shown). This can be explained by variations across scenarios, where
Scenario II finished 90% more young beef cattle than that of Scenario I. Earnings before tax
(EBT/ha) in Scenario I and Scenario II were increased by 15% and 29% compared to the
optimized traditional beef cattle farm when a price of NZ$5.00 per kg carcass was modelled
(data not shown).

Young beef cattle production enabled the supply of beef cattle staring from 8 months
of age. This would allow farmers to supply beef year round when finished traditional
beef cattle supply in New Zealand is scarce [41,64]. This practice may also favor young
beef to earn a higher price per kg carcass, by reducing competition on the beef market
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with traditional beef cattle carcass at the periods of year when traditional beef in short
supply [41].

5. Conclusions

Young beef production enabled the modelled farm to process a higher number of
beef cattle per hectare and greater throughput of beef cattle from weaning to slaughter
per hectare. Beef cattle farmers in New Zealand would be able to extend their beef cattle
slaughtering pattern across the year and farm profitability by including young beef cattle
slaughtered between 8 to 14 months of ages. This improved pasture utilization and
decreased silage use. Both scenarios resulted in lower production costs, but, higher EBT
compared to the optimized traditional beef cattle system. Further studies to understand
the effect of young beef cattle production on sheep:cattle ratio and the complementarity of
sheep and young beef cattle would be valuable.
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