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ABSTRACT

The aim of this study was to evaluate the profitability
of dairy herds under three mating systems involving the
Holstein-Friesian, Jersey, and Ayrshire breeds. Mating
systems were straight breeding and rotational cross-
breeding using two or three breeds. A deterministic
model was developed to simulate the nutritional, biolog-
ical, and economic performance of dairy herds under
New Zealand conditions. Expected performances per
cow were obtained using estimates of breed group and
heterosis effects, age effects, and age distribution in
the herd. Requirements for dry matter in feed were
estimated per cow for maintenance, lactation, preg-
nancy, and growth of the replacements. Stocking rate
was calculated by assuming 12,000 kg of dry matter
utilized annually per hectare. Productivity per hectare
was calculated as performance per cow multiplied by
stocking rate. Profitability was the difference between
income (sale of milk and salvage value of animals) and
costs (related to the number of cows in the herd and
the land area farmed). Under current market values
for milk and meat, all of the rotational crossbred herds
showed superior profitability to the straightbred herds
(Holstein-Friesian × Jersey, NZ$505/ha; Holstein-
Friesian × Jersey × Ayrshire NZ$493/ha; Jersey ×
Ayrshire, NZ$466/ha; Holstein-Friesian × Ayrshire,
NZ$430/ha; Jersey, NZ$430/ha; Holstein-Friesian,
NZ$398/ha; and Ayrshire, NZ$338/ha). Changes in the
value for fat relative to protein affected profitability
more significantly in herds using the Jersey breed, and
changes in the value for meat affected profitabiity more
significantly in herds using the Holstein-Friesian and
Ayrshire breeds. Results suggested that, under New
Zealand conditions, the use of rotational crossbreeding
systems could increase profitability of dairy herds un-
der the conceivable market conditions.
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INTRODUCTION

The New Zealand dairy industry comprised 3.1 mil-
lion cows distributed in 14,741 herds for the 1996 to
1997 season. The breed structure of the national herd
was 57% Holstein-Friesian (H), 16% Jersey (J), 18%
crossbred H × J, 2% Ayrshire (A), and 7% other dairy
breeds and their crosses (15). The average dairy farm
was 86 ha and had 208 lactating cows grazing on mainly
ryegrass-clover pastures at a stocking density of 2.42
cows per ha.

Reports on crossbreeding of New Zealand dairy cattle
(3, 13) have showed evidence of favorable heterosis for
yields of milk, fat, and protein and for BW and cow
survival. Studies in other countires (7, 8, 11, 18, 20, 23,
29) have also reported favorable heterosis for viability
and the reproductive and productive performance of
dairy cows.

Straightbred herds produce their own replacements
by mating the cows to bulls of the same breed. A first
generation cross (F1) is produced from the mating of a
straightbred cow to a straightbred bull of another breed.
The F1 contains 50% of genes of the two parental breeds
and expresses 100% of the individual heterosis. Ideally
the entire herd should be composed of these F1 animals;
however, such a herd cannot produce its own re-
placements.

One approach for exploiting heterosis in a self-replac-
ing herd is by rotational crossbreeding. Straightbred
bulls of different breeds are mated to crossbred cows
from alternate generations. In a two-breed rotation
with H and J (HJ), starting with a J herd, cows are
mated to H bulls to produce F1 H × J cows. Half of the
F1 cows are mated to H bulls to produce ³⁄₄ H ¹⁄₄ J cows,
and the other half are mated to J bulls to produce ¹⁄₄ H
³⁄₄ J cows. Next, ³⁄₄ H ¹⁄₄ J cows are mated to J bulls and
¹⁄₄ H ³⁄₄ J cows are mated to H bulls. After three more
generations, half of the herd will be ²⁄₃ H ¹⁄₃ J and the
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other half will be ¹⁄₃ H ²⁄₃ J. This strategy maintains
67% of the heterosis expressed by the F1 (6). Similar
approaches can be followed for two-breed rotation with
H and A (HA) and with J and A (JA).

In a three-breed rotation with H, J, and A (HJA),
starting with an A herd, cows are mated to J bulls to
produce F1 J × A cows. These F1 cows are mated to H
bulls to produce ¹⁄₂ H ¹⁄₄ J ¹⁄₄ A, which will be mated to
A bulls to produce ¹⁄₄ H ¹⁄₈ J ⁵⁄₈ A, and so on. After several
generations, the herd will comprise three groups of ani-
mals; ⁴⁄₇ H ²⁄₇ J ¹⁄₇ A, ²⁄₇ H ¹⁄₇ J ⁴⁄₇ A, and ¹⁄₇ H ⁴⁄₇ J ²⁄₇ A.
This strategy maintains 86% of the F1 heterosis (6).

Only a few studies (21, 24, 29) have showed that
crossbreeding resulted in sufficient heterosis to provide
greater economic returns than did the best of existing
breeds. The A × H, Brown Swiss × H, and H × (A ×
Brown Swiss) cows had higher returns over costs for
feed, health, animal losses, and dry cow maintenance
than did H cows up to the end of the first lactation (24).
Herds using a two-breed rotation between H and A were
3.2% more profitable than were straightbred herds (21).
The purpose of the present study was to evaluate the
effects of different mating systems on the profitability
of New Zealand dairy herds.

MATERIALS AND METHODS

A deterministic model was developed to simulate, on
an annual basis, the nutritional, biological, and eco-
nomic performance of dairy herds using H, J, and A
breeds and three mating systems (straight breeding
or rotational crossbreeding with either two- or three-
breeds). Herds using rotational crossbreeding were as-
sumed to be at equilibrium with respect to breed compo-
sition of the cows.

The herd, including replacements, was grazed on rye-
grass-clover pasture during the entire year. The cows
calved in early spring, produced milk for only 225 d
during the period of rapid pasture growth, and were
dried off before winter, the period of slow pasture
growth (14).

Herd Structure

The herd had 11 age classes: 0 yr (heifers, < 1 yr), 1
yr (yearlings, 1 to <2 yr), and 2 to 10 yr (cows in first
to ninth lactation). Cows first calved at 24 mo and main-
tained an average calving interval of 12 mo. Cows were
artificially inseminated over 8 wk with semen from
straightbred sires. After this period, a bull was used for
natural service of nonpregnant cows during a further 4-
wk period. Heifers were artificially inseminated over a
3-wk period, which was followed by natural mating to
bulls over 10 wk. At the end of the mating period, 90%
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of the animals were pregnant with 80% of the cows and
30% of the heifers being pregnant by artificial insemi-
nation.

The proportion (dj) of the herd in each age class j (j =
2 to 10) was derived from probabilities of survival to
given age class j by using Markov chains (4):

dj = Π
j

i = 2

si/ ∑
10

k = 2
Π
k

i = 2

si

where si = probability of an animal surviving from age
i to age i + 1. Probabilities of survival were based on
unpublished New Zealand data and are shown in Table
1. Cows remaining in the herd after 11 yr were sold for
slaughter. The proportions of animals in age classes 0
and 1 were calculated as d0 = d1/s0, and d1 = d2/s1. An
age-production factor (APF) for each herd was calcu-
lated as the weighted average of the age adjustment

factors (fj) for milk component yields: APF = ( ∑
10

j = 2

fj ×

dj)/ ∑
10

j = 2

dj.

Multiplicative age adjustment factors for milk compo-
nent yields were 0.75, 0.87, 0.95, 1.0, 0.97, and 0.92 for
lactations 1, 2, 3, 4 to 7, 8, and 9, respectively. These
factors were calculated from age production averages
reported by Livestock Improvement (15) and adjusted
for genetic trends.

It was assumed that 50% of calves born were male
and that 96% survived to sale. Female calves that were
not needed as herd replacements were sold for beef
at the same value per kilogram of carcass as that for
male calves.

Causes of wastage among young replacements and
cows were sorted into five categories: deaths, diseases
(including mastitis, bloat, metabolic problems, and fa-
cial eczema), poor fertility (including nonpregnant and
abortions), age, and suitability for dairying (including
low production, type, and temperament). Culling rates
for each cause of wastage were derived from Harris (12)
and Holmes et al. (14). Mortality rates were 4, 3, and
1.4% in rising 1-yr-old, rising 2-yr-old, and mixed-age
cows, respectively. Culling rates for diseases were 1, 1,
and 3.4% for heifers, yearlings, and mixed-age cows,
respectively, and 8% of all age groups were culled for
failure to conceive. The difference between survival rate
and the sum of culling for deaths, diseases, poor fertil-
ity, and age were culled because they were unsuitable
for dairying.

The heterosis effects for survival (Table 2) might have
been due to several reasons including heterosis for fer-
tility, resistance to diseases, reduced mortality, and the
ability of the cow to delay culling for low production,
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Table 1. Estimated breed additive effects for lactation yields of milk, fat and protein; BW; and survival for
Holstein-Friesian (H), Jersey (J), and Ayrshire (A) dairy cattle in New Zealand (Livestock Improvement,
1997, unpublished data).

Age class, yr

2 3 4 5 6 7 8 9 10

Milk, L per cow
H 4014 3982 3911 3862 3831 3758 3740 3730 3709
J 3186 3128 3081 3005 2971 2935 2947 2981 2977
A 3716 3649 3624 3601 3571 3516 3504 3494 3477

Fat, kg per cow
H 180.5 178.6 176.8 175.3 174.5 173.0 171.2 170.6 169.5
J 170.1 168.6 165.2 165.2 164.6 162.8 160.1 159.3 158.1
A 164.2 162.8 161.7 160.3 159.9 158.5 157.3 156.3 155.3

Protein, kg per cow
H 142.1 140.3 139.1 137.9 136.7 133.9 132.2 131.7 131.5
J 125.3 122.5 120.6 119.5 119.0 117.4 116.5 117.4 116.9
A 133.1 131.0 130.3 129.6 128.7 126.9 126.2 125.9 125.0

BW, kg per cow
H 496.0 494.7 494.6 491.3 489.4 486.7 488.0 485.0 484.9
J 407.9 407.0 406.2 404.3 406.1 406.6 413.7 415.2 415.6
A 456.4 453.6 453.6 455.3 454.8 452.7 452.6 452.9 453.1

Survival, %
H 0.84 0.84 0.84 0.81 0.77 0.73 0.68 0.63
J 0.89 0.88 0.86 0.83 0.79 0.75 0.70 0.63
A 0.87 0.86 0.82 0.83 0.81 0.74 0.70 0.63

unsuitable type, and temperament. In the absence of
data for heterosis effects for these traits in New Zealand
dairy cattle, it was assumed that heterosis for survival
was caused by heterosis for fertility (40%), resistance
to diseases (30%), and voluntary culling (30%).

Cow Performance

Expected performance (EP) of cows for milk, fat, and
protein was simulated over the production year (calving
to calving). The expected performance of animals of age
class j (j = 2 to 10) for any trait was calculated as

EPj = (q′
o aj + q′

sMqd)fj

where

aj = vector of order 3 of breed additive ef-
fects (H, J, and A) for the age class j,

qs, qd, and qo = vectors of order 3 with their elements
representing the proportion of H, J,
and A genes for the sire, dam, and off-
spring, respectively,

M = a symmetric matrix of order 3 × 3 with
diagonal elements being zero and off-
diagonal elements being the F1 hetero-
sis effects, and

fj = a multiplicative age adjustment fac-
tor.

The vector qo was derived as qo = (qs + qd)/2.
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The sum of the average 1987 herd-year-season and
the estimates of breed additive effects (Table 1) and
heterosis effects (Table 2) for milk, fat, and protein for
each age class were obtained from the genetic evalua-
tion of New Zealand dairy cattle (Livestock Improve-
ment, Hamilton, NZ, 1997, unpublished data). The ge-
netic evaluation of New Zealand dairy cattle utilizes
a single-trait repeatability animal model fitted across
breeds (13). The model includes fixed effects of contem-
porary group, heterosis, month of calving, induced lac-
tation class, maternal breed, and genetic group and the
random effects of additive genetic value, permanent
environment, and residual error.

BW

The BW at age t in days (Wt) was calculated using
the von Bertanlanffy equation as given by Bakker and
Koops (5)

Wt = Wm{ 1 – [1 – (W0/Wm)¹⁄₃]e–kt} 3

where Wm = mature BW, W0 = birth weight, k = constant
related to rate of maturing, and e = base of the natural
logarithm. By using ratios of birth weight and 24-mo
weight to mature weight of 0.078 and 0.814 (9), respec-
tively, the von Bertanlanffy equation was reparameter-
ized for each breed group. The BW of crossbreds were
proportional to the mean values for straightbreds (Ta-
ble 1) plus the fraction of F1 heterosis (Table 2).
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Table 2. Estimates of heterosis effects for lactation milk yields and
BW of crossbred Holstein-Friesian (H), Jersey (J), and Ayrshire (A)
cows in New Zealand (Livestock Improvement, 1997, unpublished
data).

Trait
First cross
(Fl) Milk Fat Protein BW Survival

(L) (kg) (%)
H × J 137 7.7 5.2 7.7 4.9
H × A 77 3.5 2.8 0.3 2.9
J × A 156 8.4 5.9 9.9 4.7

Energy and DM Requirements

Pasture was assumed to contain 18.4 MJ of gross
energy and 10.5 MJ metabolizable energy (ME)/kg of
DM (14). The corresponding metabolizability of the pas-
ture at maintenance (qm) was calculated at 0.57. The
efficiencies of utilization of ME were calculated as de-
fined by the Agricultural and Food Research Council
(1): for maintenance, km = 0.35 qm + 0.503; for lactation,
kl = 0.35 qm + 0.420; for growth of lactating cows, kg =
0.95 kl; for growth of growing replacements, kf = 0.78
qm + 0.006; and for growth of concepta, kc = 0.133.

Cow maintenance. The ME required for main-
taining cows was calculated in 1-mo periods within the
production year as follows: Fm (megajoules per day) =
30.5 { 0.53 (Wt/1.08)0.67} , Ac (megajoules per day) =
0.016Wt, and MEm = (Fm + Ac)/km where Fm = fasting
metabolism requirements, Ac = energy required for ac-
tivity calculated for cows walking 3 km and grazing
pasture (1), and Wt = average weight over the 1-mo
period.

Cow growth. The BW were predicted over 1-mo in-
tervals from 24 to 132 mo (11 yr) of age. The BW gains
(BWG) of growing lactating cows were assumed to be
linear between adjacent monthly weights. The ME re-
quired for growing lactating cows was calculated as
MEg = (BWG × EVg)/kg where EVg = energy value of 1
unit of BWG calculated as EVg (megajoules per kilo-
gram) = { 1.3(4.1 + 0.0332 Wt – 0.000009 Wt

2)} /{ 1 –
0.1475 BWG} (1).

Cow gestation. Gestation length was assumed at
280 d for all breeds (14). The ME requirement to main-
tain pregnancy (MEc) was scaled to 40.0 kg of calf birth
weight as follows (1): EVc (megajoules per day) = 0.025
W0 (Et 0.0201 e–0.0000576t), and MEc = EVc/kc where EVc =
retained energy in the fetus, and Et = total energy reten-
tion at day t of gestation derived from log10 Et (mega-
joules per day) = 151.665 – 151.64 e–0.0000576t.

Cow lactation. The net energy value of milk (EVl)
was predicted using the formula of Tyrrell and Reid
(30). This equation was EVl (megajoules) = 37.6 FY +
20.9 PY + 0.948 MY where FY, PY, and MY are yields
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of fat, protein, and milk, respectively. The ME require-
ments for lactation was determined as MEl (mega-
joules) = EVl/kl. Cows that died or were culled were
credited with 85 and 93% of the total lactation yield.

The total requirements of ME (MEtotal) were adjusted
for feeding level (1) as MEtotal (megajoules) = { 1 + 0.018
(FL – 1)} × { MEm + MEg + MEc + MEl} where FL is
the level of feeding as a multiple of MEm.

Calf requirements. All newborn calves were fed co-
lostrum during the 1st d and milk and meal during
the following 60 d. Subsequently, pasture was the only
source of feed. Gross energy density of meals was as-
sumed at 18.6 MJ/kg of DM. Values of qm for milk and
meal were 0.85 and 0.7, respectively. Energy require-
ments for maintenance and BWG (MEmp) for replace-
ments were adjusted for feeding level (1). The BW were
predicted over 1-mo intervals from birth to 24 mo of age,
and BWG were assumed to be linear between adjacent
weights. Energy retained as BWG (Ef) was scaled to
the energy required for maintenance (Em) as R = Ef/Em
where Ef and Em were calculated as Ef (megajoules per
day) = BWG × 1.1EVg, and Em = Fm + Ac where Ac =
0.007Wt. The MEmp was calculated as MEmp (mega-
joules per day) = (Em/kr) × ln { B/(B – R – 1)} where
kr = km × ln (km/kf), and B = km/(km – kf). Energy require-
ments to support pregnancy for rising 2-yr-old heifers
were added.

Each calf was assumed to eat 20 kg of DM of meal
during the first 60 d of life. Requirements for milk were
calculated as the difference between the total energy
required and the energy supplied by the meal. The
quantities of milk, fat, and protein fed to calves was
accounted for in determining the sale value for milk
produced by the herd.

Total herd requirements for ME were MEherd

= ∑
10

j = 0

MEtotal,j × dj, and requirements for DM were cal-

culated by dividing MEherd by the content of ME per
kilogram of pasture DM. It was assumed that animals
could at all times consume the pasture needed to meet
their specified energy demands. Requirement for DM
per cow, including DM for growing of replacements,
was calculated by dividing the total requirements for
DM of the whole herd by the number of cows older than
2 yr.

Stocking Rate

Under New Zealand conditions, about 15,000 kg of
DM/ha is produced by ryegrass-clover pastures growing
on fertile soils, and about 80% or 12,000 kg of DM/ha
is harvested by the animals. Stocking rate, defined as
the number of cows grazing per hectare, was calculated
as 12,000 kg of DM/total DM required per cow (includ-
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Table 3. Values of fat (kilograms), protein (kilograms), and milk
(liters) for different ratios of fat value to protein value.

Fat to protein
ratio Fat Protein Milk

(NZ$)
1:4 1.78 7.12 –0.041
1:2.21 2.72 5.91 –0.041
4:1 6.12 1.53 –0.041

1Current.

ing the DM required for the replacements). This calcula-
tion assumed that the number of animals grazed per
hectare was adjusted to meet the DM requirements
which, in turn were determined by the production levels
of the animals.

Economic Analysis

Economic analysis was based on average values of
marketable products and costs of a New Zealand dairy
farm. Profitability was measured as net income per
hectare calculated from gross income minus produc-
tion costs.

Income. Income was derived from the sale of milk
and disposed animals plus NZ$17/ha from other
sources. The 1996 to 1997 payment system of New
Zealand was based on an index combining volume (li-
ters) and milk components (kilograms) as follows:
(NZ$2.72 × fat) + (NZ$5.91 × protein) – (NZ$0.041 ×
milk). New Zealand exports 90% of its dairy produce;
therefore, values for milk, fat, and protein are sensitive
to the price for which milk products are sold to the
international market. A sensitivity analysis was under-
taken using lower (1:4) and higher (4:1) values for the
ratio of fat to protein (Table 3) with the same milk value
per liter. The ratio 1:2.2 corresponds to the values paid
to farmers in the 1996 to 1997 season.

Beef income was derived from the sale of male calves;
surplus female calves; and culled, rising 2-yr-old and
older cows. Carcass yield for calves and rising 2-yr-old
cows were assumed at 50 and 53%, respectively. The
BW of culled cattle was determined using the von Ber-
tanlanffy equation. The following equations were used
to estimate carcass yield (CY) of culled cows (22): H
cows, CY = 0.41 + 0.000208 Wt; J cows, CY = 0.39 +
0.000208 Wt; and A cows, CY = 0.40 + 0.000208 Wt.
The carcass yields for crossbreds were proportional to
straightbred means according to their breed composi-
tion. No heterosis effects for carcass yield were in-
cluded. The value of culled animals depended on a
schedule of prices shown in Table 4. A sensitivity analy-
sis was undertaken for an increase of 50% in the carcass
value of culled animals (Table 4).
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Production costs. Average farm production costs
were taken from Livestock Improvement (16) and in-
cluded both direct expenses and overhead. Direct ex-
penses per cow were labor, NZ$190; animal health,
NZ$46; breeding and herd testing, NZ$28; farm dairy
expenses, NZ$17; electricity, NZ$21; freight, NZ$8; and
others, NZ$6. Direct expenses per hectare were pasture
renovation, NZ$20; fertilizer, NZ$299; and weed and
pest control, NZ$16. Overhead per hectare was repairs
and maintenance, NZ$152; vehicle expenses, NZ$118;
administration, NZ$69; standing charges, NZ$176; and
depreciation, NZ$221. Additional costs (meal, labor, an-
imal health, and breeding) for rising 1- and 2-yr-olds
were NZ$93 and NZ$82 per animal, respectively. Capi-
tal costs for cows and replacements were included as
the cost of borrowing capital at 12% interest. Values of
rising 1-yr-olds were H, NZ$364; J, NZ$327; and A,
NZ$346. Values of rising 2-yr-olds were H, NZ$704;
J, NZ$651; and A, NZ$678. Values of cows (VC) were
calculated from the following equations: H, VC = 916 –
48 Xl; J, VC = 889 – 61 Xl; and A, VC = 901 – 53.4 Xl,
where Xl = number of lactations.

RESULTS

Replacement Rates

The HJ, JA, and HJA herds had the lowest replace-
ment rate (18.6, 18.6, and 18.7%, respectively). The J
herd had a lower replacement rate (19.6%) than did the
H and A herds (21.9% and 20.9%). The replacement
rate of the HA crossbred herd was 20.1%. The age-
production factors for HJ, JA, and HJA herds were

Table 4. Value of disposed livestock.

Value for beef
Type of animal
and carcass weight Current High1

(NZ$/kg of carcass)
Male and female calves
<13.5 kg 1.12 1.68
13.5 to 18.5 kg 1.17 1.76
>18.5 kg 1.46 2.19

Rising 2-yr-old cows
<195 kg 1.07 1.61
195 to 220 kg 1.18 1.77
220 to 245 kg 1.35 2.03
245 to 270 kg 1.41 2.12
>270 kg 1.47 2.21

Cows
<220 kg 1.18 1.77
220 to 245 kg 1.25 1.88
245 to 270 kg 1.31 1.97
>270 kg 1.32 1.98

1High value of carcass was obtained by increasing the current
values by 50%.
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Table 5. The DM requirements, stocking rates, and production of milk and milk components per cow and
per hectare for different herds.1

Straight breeds Two- and three-breed rotations

H J A HJ HA JA HJA

BW, kg 481 399 445 446 464 428 448
Production per cow
Milk, L/yr 3402 2706 3172 3161 3350 3037 3217
Fat, kg/yr 154 147 142 156 151 149 154
Protein, kg/yr 121 107 114 118 120 114 118

DM requirements per cow
Maintenance, kg/yr 1867 1635 1764 1774 1820 1721 1778
Lactation, kg/yr 1838 1636 1702 1799 1803 1724 1794
Replacements, kg/yr 956 673 820 737 835 696 735
Pregnancy and BWG2, kg/yr 321 255 291 285 302 273 286
Total, kg/yr 4982 4199 4577 4595 4760 4414 4593

Stocking rate, cows/ha 2.41 2.86 2.62 2.61 2.52 2.72 2.61
Production per hectare
Milk, L/yr 8194 7733 8318 8257 8447 8257 8405
Fat, kg/yr 371 419 371 408 380 406 402
Protein, kg/yr 291 305 299 308 302 310 310

1H = Holstein-Friesian, J = Jersey, and A = Ayrshire.
2BW gain.

0.920, which was slightly higher than for H (0.910), J
(0.917), A (0.913), and HA (0.915) herds.

Productive Performance

Performance per cow and per hectare for different
herds are shown in Table 5. For BW and milk and
protein yields per cow, the H herd ranked highest, and
the J herd ranked lowest. The HJ herd ranked highest
for fat yield per cow, and BW of HJ herd was higher
than the average of the H and J herds. Herds that
included the J breed had small cows with high fat yields
in low volumes of milk.

The HA herd ranked highest for milk production per
hectare followed by the HJA, A, HJ, JA, and J herds.
The J herd had the highest fat production per hectare,
and the H and A herds had the lowest fat production
per hectare. The HJA and JA crossbred herds ranked
highest for protein production per hectare followed by
the HJ, J, HA, A, and H herds.

DM Requirements and Stocking Rate

Total DM requirements for each herd, expressed per
cow, are shown in Table 5, together with the amounts
required for maintenance, lactation, pregnancy, BWG,
and replacements. The J herd had the lowest total DM
requirement and the highest stocking rate; the H herd
had the highest total DM requirements and the lowest
stocking rate. The A herd had values that were interme-
diate between H and J herds. The JA herd had lower
DM requirements and higher stocking rates than did
all other herds except the J herd.
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The DM required for lactation divided by the total
DM requirements provided a measure of biological effi-
ciency. The values for the J, HJ, JA, and HJA herds
were 39.0, 39.1, 39.1, and 39.1%, respectively, which
were slightly higher than those for H, A, and HA herds
(36.9, 37.2, and 37.9%, respectively).

Economic Analysis

Production cost and income per cow and per hectare
of different herds are shown in Table 6. The H herd
had the highest milk income (NZ$993), beef income
(NZ$82), and production costs (NZ$917) per cow; the J
herd had the lowest milk income (NZ$920), beef income
(NZ$54), and production costs (NZ$829) per cow. The
A and crossbred herds were intermediate between the
H and J herds.

Net income per hectare is a more important measure-
ment of economic efficiency than is net income per cow
for New Zealand dairy farmers. The HJ herd had the
highest net income per hectare (NZ$505), followed by
the HJA (NZ$493), JA (NZ$466), J (NZ$430), HA
(NZ$430), H (NZ$398), and A (NZ$338) herds.

The profitability of the herds under different market
values for beef and different values for the fat to protein
ratio are presented in Table 7. A 50% increase in the
value for beef caused increases in net income per hect-
are that were higher for the H (NZ$100) than for the
herds of HA (NZ$92), A (NZ$88), HJA (NZ$83), HJ
(NZ$82), or J (NZ$72).

With a high value for fat and a low value for protein
(ratio 4:1) the HJ herd was ranked highest for net in-
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Table 6. Gross and net income and production costs per cow and per hectare for different herds.1

Straight breeds Two- and three-breed rotations

H J A HJ HA JA HJA

Incomes and costs per cow
Milk income, NZ$/yr 993 920 929 992 980 956 987
Beef income, NZ$/yr 82 54 66 63 73 57 63
Gross income, NZ$/yr 1082 979 1001 1061 1060 1019 1056
Production costs, NZ$/yr 917 829 872 868 889 848 868
Net income, NZ$/yr 165 150 129 193 171 171 189

Incomes and costs per hectare
Milk income, NZ$/yr 2392 2629 2436 2591 2471 2599 2578
Beef income, NZ$/yr 198 153 173 164 184 155 164
Gross income, NZ$/yr 2607 2799 2626 2772 2671 2772 2760
Production costs, NZ$/yr 2209 2369 2288 2267 2241 2305 2267
Net income, NZ$/yr 398 430 338 505 430 466 493

1H = Holstein-Friesian, J = Jersey, and A = Ayrshire.

come per hectare (NZ$548), followed by the J (NZ$521),
HJA (NZ$507), JA (NZ$490), HA (NZ$403), H
(NZ$389), and A (NZ$293) herds. With a low value for
fat and a high value for protein (ratio 1:4), net income
per hectare was higher for all crossbred herds than for
the straightbred herds; the HJ and HJA herds were
highest. A change in the fat to protein value ratio from
1:2.2 (current) to 1:4 slightly increased net income per
hectare for A (NZ$13), HA (NZ$8), and H (NZ$3) herds
but slightly reduced net income per hectare for the J
(NZ$25), HJ (NZ$12), JA (NZ$6), and HJA (NZ$3)
herds.

DISCUSSION

Estimates of additive breed and heterosis effects for
survival, BW, and yields of milk and its components
assumed in this model were obtained from the genetic
evaluation of New Zealand dairy cattle under an animal
model fitted across breeds (Livestock Improvement,

Table 7. Net income per hectare for different herds1 with different values for beef and ratios of fat value
to protein value (4:1, 1:2.2, and 1:4).

Straight breeds Two- and three-breed rotations
Value
for beef H J A HJ HA JA HJA

NZ$
Current
4:1 389 521 293 584 403 490 507
1:2.22 398 430 338 505 430 466 493
1:4 401 405 351 493 438 460 490

High3

1:2.2 498 502 426 587 522 540 576

1H = Holstein-Friesian, J = Jersey, and A = Ayrshire.
2Current ratio of fat value to protein value.
3The values for disposed animals were 50% higher than the current values.
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1997, unpublished data). These values agreed with
those reported previously in New Zealand (3, 13) and
elsewhere for breeds in temperate climates (7, 8, 11,
18, 20, 23, 29).

Heterosis for survival increased the profitability of
crossbred herds in two ways. First, replacement rates
for crossbred herds (except for the HA herd) were lower
than for straightbred herds; therefore, crossbred herds
had more animals available for sale and fewer replace-
ments required for rearing. Second, the proportions of
mature animals in crossbred herds (except for the HA
herd) were slightly higher than in straightbred herds,
resulting in higher yields for milk, fat, and protein from
crossbred herds than from straightbred herds because
of an age effect.

Ahlborn-Breier and Hohenboken (3) calculated ex-
pected fat yields for cows of different proportions of H
and J breeds. The Fl H × J cows produced 5.0 and 15.5
kg more fat than did the H and J cows, respectively,
which is similar to the present results (Table 5). Hetero-



PROFITABILITIES OF SOME MATING SYSTEMS 151

sis effects caused the HJ herd to produce higher fat
yields per cow than the H and J herds. The joint combi-
nation of heterosis and breed effects for milk, BW, and
survival caused the HA herd to produce the most milk
per hectare, and the JA and HJA herds produced the
most protein per hectare.

Experimental results in New Zealand (2) indicate
that H produced more milk, fat, and protein per cow,
and J produced more fat and protein/ha when both
breeds were stocked at the same BW. These findings
were confirmed in the present study. The H herd pro-
duced 696 L more milk, 7 kg more fat, and 14 kg more
protein per cow than did the J herd, but the J herd
produced 48 kg more fat and 14 kg more protein/ha
than did the H herd when both herds consumed 12,000
kg of DM/ha (Table 5).

Biological efficiency per cow (DM for lactation as a
proportion of total DM) was higher for herds using the
J breed than for herds using the H or A breeds. These
results agree with experimental comparisons between
J and H (17) and J and Friesian (10, 26, 27).

Stocking rate was calculated so that the total DM
required by all cattle to achieve the expected perfor-
mance of the animals of the herd was equal to 12,000
kg of DM/ha. Hence, in this study, stocking rate was
the consequence rather than the cause of feeding levels,
whereas in practice and at least over a reasonable range
of stocking rates, an increase in stocking rate causes a
decrease in pasture intake and production per cow but
an increase in production per hectare (2, 14). This differ-
ence may affect the interpretation of the present
results.

The BW of cows is important in the grazing produc-
tion system because it affects the stocking rate and
profitability of the dairy farm through its effects on feed
requirements for maintenance and value of disposed
animals. The DM required for maintenance and for the
growth of replacements for the J herd were lower than
in the other herds (Table 5); consequently, the J herd
had a lower DMI per cow and higher stocking rate than
did the other herds. However, the current value for
disposed animals was low, and, therefore, beef income
per hectare was a low percentage of gross income per
hectare, ranging from 5.5 (J herd) to 7.6% (H herd).
The combination of low DM for maintenance and low
value for beef resulted in smaller cows having higher
net income per hectare than large cows, in agreement
with results for beef cattle (25) in which small animals
were more profitable than large animals for a fixed
resource area.

Some of the production costs were defined on a per
hectare basis and some on a per cow basis. Herds with
a higher number of animals per hectare, therefore, had
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lower production costs per cow than did herds with a
lower number of animals per hectare because the costs
per hectare were invariable to the number of cows per
hectare, which was true for J herds compared with H
herds. The J herd ranked lowest for production costs
per cow (NZ$829); the H herd ranked highest (NZ$917),
and the A and crossbred herds were intermediate. How-
ever, herds with a greater stocking rate (J) had greater
production costs per hectare (NZ$2369) than did those
with a lower stocking rate (H, NZ$2209).

Results from this study confirm the conclusion that
crossbreeding among two or more dairy breeds must be
judged on a number of traits, mainly those related to
viability and reproductive and productive performance
(24). The HJ had the highest profitability per hectare
(Table 7). Direct comparison between the net returns
estimated in this study and those of McAllister et al.
(21), McDowell and McDaniel (24), and Touchberry (29)
may be difficult because, in this study, profit was ex-
pressed on a per hectare basis. For the other studies,
profit was expressed on a per cow basis, and not all
production costs were included in the evaluation. Also
in this study, milk income was calculated from a for-
mula that rewarded fat and protein but penalized vol-
ume, but, in the other studies, milk income was calcu-
lated from a formula that rewarded volume and fat.
However, results from all the studies suggested that
crossbreeding could increase net returns of the farm.

The genetic evaluation of New Zealand dairy cattle
enables cows to be compared in terms of production
worth, which is the sum of production values (breeding
value plus permanent environment effect plus average
heterosis effect) for fat, protein, milk, and BW, each
weighted by their corresponding economic value. Eco-
nomic values for fat, protein, and herd survival are
positive, and economic values for milk (volume) and
BW are negative (15, 28). Results from the genetic eval-
uation (13, 15) indicate that average production worths
for crossbred H × J cows are higher than those for H,
J and A cows, which is in agreement with the findings
in the present study.

The most profitable dairy animal under a given pro-
duction circumstance may not necessarily be the best
in other circumstances (24). The present sensitivity
analyses showed that the effect of increased value for
beef animals was more significant in the herds using
H and A breeds than in herds using J breed (Table 7).
A decrease in the value of fat and an increase in the
value of protein caused a decrease in the net income
per hectare for all the herds using the J breed but an
increase for the H, A, and HA herds (Table 7). Neverthe-
less, the HJ and the HJA herds had the highest net
incomes for all three fat to protein value ratios. It seems
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likely that the value of protein relative to fat will con-
tinue to increase in the future as world demand and
markets for protein expand (19), which would favor
rotational crossbreeding between H and J and, perhaps,
A also.

In the development of the model, herds using rota-
tional crossbreeding were assumed to be at equilibrium
with respect to cow breed composition. In the HJ herd
for example, half of the cows were assumed to be ²⁄₃ H
¹⁄₃ J, and the other half were assumed to be ¹⁄₃ H ²⁄₃ J. In
practice, this equilibrium would be difficult to achieve
because at least seven generations (28 to 32 yr) would
be needed when starting with a straightbred H or J
herd. Therefore, results obtained in this study for rota-
tional crossbred herds would be different if equilibrium
was not assumed.

The widespread implementation of a rotational cross-
breeding strategy in the New Zealand dairy industry
would require the availability of straightbred bulls of
high genetic merit for the production of semen. Cows
available for selection as mothers of young bulls are
known as active cows that may be registered (pedigree)
or not registered (grade), provided that they are the
result of at least three generations of artificial breeding
to sires of one breed. The adoption of crossbreeding
might reduce the rate of genetic gain by reducing the
number of active cows. Therefore, in the long term,
a balance between crossbreeding and selection needs
further study.

CONCLUSIONS

The results of this simulation study indicate that
crossbred cows are more productive and can be more
profitable than straightbred cows. Dairy herds with Fl

H × J cows should be considered as a major option
to utilize the benefits of heterosis and breed resource.
However, the real challenge is to establish breeding
programs that retain the merits of the Fl crosses. Rota-
tional crossbreeding would be the best option for New
Zealand commercial dairy farmers. This model would
require controlled mating, which is possible given the
present status of artificial insemination and recording
in the dairy industry.
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