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Foreword

Professor Pat Dillon
Director of Teagasc Research

Teagasc with its partners ABP, and BSAS are delighted to welcome all stakeholders !
to this timely international dairy-beef conference. The event aims to discuss N
advancements across the entire supply chain, from breeding and nutrition to health,

processing, and marketing of beef calves originating from dairy herds. '

Globally, food security continues to be a challenge due to continued increase in world population. It
is acknowledged that meat is a rich source of nutrients and that eating meat and meat products also
has health benefits when consumed as part of a balanced diet. Meat is an excellent source of vitamins,
minerals, and essential micronutrients the human body can absorb easily.

Therisein dairy cow numbersin Ireland, coupled with increased availability of non-replacement calves for
beef production, underscores the importance of improving beef production efficiency. This is particularly
pertinent as around 60% of cattle used for beef in Europe come from the dairy herd. The use of sexed
semen, advancements in reproductive technologies, and better beef sire selection offer opportunities for
enhanced dairy-beef production efficiency.

Globally, there has recently been a major increase in research and innovation in an effort to make dairy-
beef systems more environmental sustainable and economically more profitable at farm level. The
conference provides a platform for the presentation of both current and historical research, alongside
discussions of technological innovations aimed at promoting sustainability in the dairy-beef sector.

In addition to addressing economic and environmental challenges, the conference will cover topics such
as the importance of high beef merit genetics, early-life nutrition, and the health of dairy-beef calves
in both intensive and pasture-based systems. It will also explore the potential benefits and obstacles of
vertical integration in the industry.

Professor Dillon expresses gratitude to the speakers and the organizing team, emphasizing the importance
of this conference in supporting the future viability of both the dairy and beef sectors.
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Dairy Calf-to-Beef production
systems




Evolution of Irish dairy-beef production
N. Byrnel, J. O’Driscoll?, E. Fitzpatrick? and P. Crosson*

Teagasc, Grange Animal & Grassland Research and Innovation Centre, Dunsany, Co. Meath; ?Teagasc, Johnstown Castle, Co.
Wexford
Corresponding author: Nicky Byrne. Email: Nicky.Byrne@teagasc.ie

Abstract

Dairy-beef production contributes significantly to total beef output in Ireland (~60% of prime cattle
finished) and is built around the efficient use of pasture, with 80-90% of animals lifetime feed requirement
coming from grazed and conserved forages. The contribution of dairy-beef has grown dramatically in
recent years due to increasing dairy cow numbers following the removal of milk quotas in 2015; however,
this contribution is similar to that which prevailed prior to Ireland’s entry to the European Economic
Community (EEC). Despite the similarity in dairy-beef contribution to total cattle output, the breed
and beef merit of today’s dairy cow herd has reduced. Greater availability and use of reproductive and
genetic selection tools provide opportunities for farmers to increase the quality of the dairy-beef calf
crop by using higher merit beef sires. Research farm systems demonstrate that high-beef merit, early-
maturing steers can achieve a net margin exceeding €1,300 per hectare, with a carbon footprint under
13.0 kg carbon dioxide equivalent (CO,.) per kilogram of carcass produced. These steers are also finished
approximately six months earlier than the national average for dairy-beef steers, which is typically 27
months of age. However, there is some disparity between commercial and research farm system levels
of profitability, with a high level of farmers exiting dairy-beef production due to low financial returns.
Breeding higher-beef merit animals, which can produce an ‘in-spec’ carcass at younger finishing ages and
from a pasture-based diet will be an important strategy to increase farm profit and reduce agricultural
emissions.

Key words; beef, carcass, dairy, farm system, pasture-based

Introduction

Ruminant production systems in Ireland are predominantly pasture-based, relying on the efficient
growth and utilisation of grazed and conserved forage, with minimal reliance on concentrate inputs. The
seasonal nature of these systems aligns calving and lambing with the onset of grass growth in spring,
optimising pasture availability and reducing production costs (O’'Donovan et al., 2011; O'Donovan et al.,
2021). This pasture-based approach provides a comparative advantage for Irish milk and meat products,
particularly in contrast to more intensive, concentrate-driven production systems.

The structure of ruminant livestock numbers in Ireland has evolved over time, influenced by policy
changes and shifting market returns. Surplus calves from the dairy herd have been an important
component of the cattle sector in Ireland for a long number of years. O’Connor (1959) described ‘dry
cattle rearing’ systems whereby calves are purchased from dairy farmers, traded a number of times in
their lifetime before being sold, typically for live export, as store cattle at 26 months of age in June, or
as a finished animal at 30 months of age in October. The profitability of both systems were similar at
approximately £13/acre. Government policy in the 1960s, most importantly the ‘Calved Heifer Subsidy’
and ‘Beef Incentive’ schemes, saw a substantial increase in the number of cattle in Ireland. Coupled with
an increasing returns from milk production, most of the additional cows were for milk production (Baker
et al., 1973) although suckler beef cow numbers also increased. Between 1953 and 1973 the number of
cows in Ireland increased from 1.2 million to 1.9 million with just over 60% of these being dairy cows
(Bakeretal., 1973). There was a trend towards greater specialization. In 1960, 77% of cows were Shorthorn,
which was considered a dual-purpose animal, with this breed being replaced by Friesian which increased
from 6% of cows in 1960 to 50% in 1971 (Baker et al., 1973). The main specialist beef breeds were Hereford
and Aberdeen Angus which together accounted for 17% of cows in 1960 reducing to 14% of cows in
1971 (Baker et al.,, 1973). Accession to the European Economic Community (EEC) in 1973 and resulting
agricultural policy measures had a profound impact on the relative numbers of dairy and suckler beef
COWS.

In the early 1980s, prior to the introduction of the coupled payments under the Common Agricultural
Policy (CAP) and the European milk quota system in 1984, dairy cow numbers stood at approximately
1.5 million, while suckler cow numbers were around 460,000. During this period, dairy-beef production
dominated, with 75-80% of beef animals originating from the dairy herd (O’Ferrall and Ryan, 1990). The
introduction of milk quotas eliminated further growth in dairy cow numbers as increasing yield per
cow meant fewer cows were required to meet the quota available. In contrast, policy supports led to an
increase in suckler beef cow numbers which peaked at 1.25 million in 1998. By 2000, dairy cow numbers
had declined to approximately 1.2 million, while the suckler herd consisted of 1.1 million breeding beef
cows (AIMS, 2001). Despite this expansion in the overall breeding herd since the early 1980s, the national
cattle population had reduced by 800,000 head in 2000, driven by reduced slaughter ages. Since the

Page 9



Teagasc | Dairy Calf-to-Beef Conference 2024

abolition of milk quotas in 2015, dairy cow numbers have increased by approximately 40%, returning
to 1.5 million, while the suckler beef cow herd has contracted to around 800,000 currently (AIMS, 2024).

Table 1. Number of ruminants (‘000 head)

1980 2000 2020 2023
Dairy cows 1,583 1,238 1,456 1,511
Suckler cows 460 1,121 923 819
Cattle other 4,587 3,749 4,092 4,149
Total sheep 3,292 5,130 3,863 3,995

This shift in livestock demographics reflects broader changes in Irish agricultural systems, driven by
evolving policies, market dynamics, and a continued emphasis on efficient, pasture-based ruminant
production.

Breeding policy in the dairy herd moved from Shorthorns to Friesians through the 1970s such that calves
destined for beef production in 1980 were Freisian bulls (43%), Hereford crossbred bulls (14%), Continental
crossbred bulls (8%), Angus, Shorthorn and other crossbred bulls (5%) and heifers of various crossbreeding
(30%). Much as the present day, Friesian bull calves were born in early spring and beef crossbreds were
born in later spring. Friesian genetics dominated due to their dual-purpose traits, offering moderate
milk production and beef potential (Cunningham, 1983). However, their lower milk yield led to the rise of
Holstein-Friesians in the late 1980s and 1990s, favoured for their higher milk output. The introgression of
Holstein genetics led to a decline in beef merit with a study noting longer time to finish (estimated at 33
days) and poorer conformation (difference of 3.2 p/kg (22.3 c/kg) noted) for Holstein calves when reared
to beef (Roche, 1981). Crossbreeding beef sires on the dairy herd was estimated to increase the value of
the animal produced by up to 25% due to superior growth and carcass traits (Roche, 1981). Accordingly,
the use of Continental sires increased considerably through the 1980s and early 1990s with 48% of the
calf-crop being Continental crossbreds in 1993 (Drennan et al., 1995).

By the early 2000s, Holstein-Friesians became the predominant dairy cow breed, though issues with
fertility, longevity and maintenance highlighted the need for breeding objectives more aligned to pasture-
based production systems (Prendiville et al., 2010). Crossbreeding gained popularity, particularly with the
Jersey breed, to enhance fertility, fat and protein composition, health and maintenance during a period
of increasing herd size (Buckley et al., 2014). Today, ~95% of Irish dairy cows are Holstein-Friesian/Friesian
sired, while ~4% are Jersey sired (AIMS, 2024). The Economic Breeding Index (EBI) has supported genetic
gain in the dairy herd with a focus on dairy (fertility, maintenance, and milk solid production) (Berry et
al., 2005) and carbon traits to increase the profit potential of cows within a pasture-based dairy system.
However, due to the low relative economic returns from beef production and the negative relationship
between dairy and beef production traits (McGee et al., 2005) the relative emphasis on beef traits in the
overall dairy breeding objective is low. Since the introduction of the EBI in 2000, there has been a steady
decline in the genetic merit for both carcass weight and conformation of dairy x dairy animals (Mulhall
et al., 2024).

In recent years there has been a reduced level of dairy herd expansion and an increase in the uptake
of sexed semen technology, leading to increased usage of beef sires on dairy cows. In 2023, 48% of calf
registrations from the dairy herd were to a beef sire, and this is expected to be higher in 2024; with
more than half of calves born in the dairy herd being sired by a beef breed. Indeed, dairy farmers are
using more beef sires earlier in the breeding season. The increased proportion of dairy-beef calves has
displaced dairy male calves (Figure 1) (Kelleher et al., 2024).

2020 2024

\ /

@

m Beef from dairy = Dairy males = Dairy females m Beef from dairy = Dairy males = Dairy females

Figure 1. Proportion of dairy x dairy male, dairy female and beef x dairy calves for spring-calving cows (up to 20
April) in 2020 and 2024

Early-maturing beef breeds (Angus and Hereford) are responsible for the highest number of calf
registrations, followed by Holstein-Friesian and late-maturing beef breeds (Belgian Blue, Limousin etc.),
respectively (Figure 2).
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Figure 2. Sire breed profile of calves registered from the dairy herd available for beef production

Source: Animal Identification and Movements (2023)

Contrasting animal breed types and genders allow for a range of dairy-beef production systems to be
implemented on farms to produce beef throughout the year, utilising predominantly forage-based diets.
Nationally, there is a policy and market ambition to reduce finishing age so as to improve farm-level
profitability and lessen the environmental footprint of beef, while maintaining carcass specification
and grass-based credentials. Research has found dairy-beef steers to have a high probability of meeting
overall market specification (i.e. weight, conformation, fat and age); however, dairy-beef heifers have
the lowest probability of all prime cattle categories to meet market specification primarily due to light
carcass weights and excessively fat carcasses (Kenny et al., 2020).

Since 2010, the finishing age of beef x dairy steers has reduced by over three months to ~27 months, yet
overall carcass specification (weight, conformation and fat) has been maintained. Given the increased
use of genetic selection tools and breeding technologies, there should be an increasing proportion of
beef x dairy cattle capable of achieving carcass specification at younger finishing ages, thus facilitating
current policy ambitions to reduce finishing age by up to three months across all beef cattle. Breeding
technologies such as sexed semen will result in ‘low-value’ dairy x dairy male calves being replaced with
higher carcass merit beef x dairy calves of increased profit potential.

Market specification

In Ireland, carcasses are appraised under the EU beef carcass classification system (EUROP). This
classification system uses the letters E (excellent), U, R, O, P (poor) to describe the conformation of the
carcass, mainly the round, back and shoulder (Fisher, 2007). Fat classes, describe the fat cover on the
outside of the carcass and in the thoracic cavity and are graded from 5 (very high), 4, 3, 2, 1 (low). Each
of the five conformation and fat classes can be further subdivided into plus (+), equal (=) and minus
(-) thereby providing a total of 15 grades for each (Pabiou et al., 2009). In 2004, Ireland became the first
member state to introduce video image analysis to classify beef carcasses, providing a more consistent
and objective measure of carcass quality compared to human assessors previously used (Allen, 2007).
These grades determine the market value of the carcass, as better-conformed and adequately fattened
animals receive higher price per kilogram. The classification system directly influences farmer decisions
regarding breeding, feeding, and finishing strategies to meet overall market specifications.

The ability of cattle to meet overall carcass market specification is included in all dairy and beef breeding
indexes (Berry et al., 2005; Berry et al., 2019), as well as the Commercial Beef Value (CBV), because of its
impact on carcass value and profitability. Within these national breeding objectives, animals are deemed
to be within the market specifications (“in-spec”), once they achieve a conformation grade > O=, carcass
weight between 280 and 380 kg, a fat score between 2+ and 4=, and an age at slaughter < 30 months
(Kenny et al., 2020). The ability of an animal to meet market specification determines the market returns,
thus beef price received by farmers.

Conformation has the most impact on beef price received, as it is used as a proxy indicator of primal cut
yield. Each conformation score above base generally represents an additional €0.06/kg carcass, while the
initial conformation score below base represents a €0.12/kg reduction and €0.06/kg carcass thereafter.
Importantly the national average carcass conformation for beef x dairy and dairy x dairy cattle is O=/O+
and O-/P+, respectively. Cattle of conformation scores < O- either do not receive or are severely penalised
on Quality Assurance (quality scheme administered by Bord Bia; ‘in-spec’ animals sold from QA certified
farms attract a bonus of up to 20 c/kg carcass) and breed bonus payments (bonus paid to ‘in-spec’ early
maturing cattle sold from farms participating in specific schemes).

The ‘30-month rule’ was introduced in the late 1990s as a measure to reduce the risk of Bovine Spongiform
Encephalopathy (BSE) entering the food chain and regain consumer confidence in beef products, since
BSE was more likely to be found in older cattle (Matthews, 2003), however, this rule has remained part of
market specification despite much lessened risk of BSE. This market signal has promoted reductions in
slaughter age of the national herd due to its impact on beef price received.
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Evolution of Irish dairy-beef systems

There is little information on dairy-beef production systems prior to the development of the integrated
calf-to-beef systems at Teagasc Grange in the 1970s. Prior to that research focussed on component studies
such as early calf feeding studies (O’'Donovan, 1963), grazing studies (Conway, 1970) and finishing studies
(Harte et al., 1965). Flynn (1981) described a two-year old Friesian steer system. Carcass weight was 290 kg
and total concentrate input was 600 kg. The stocking rate of this system was 2.2 animal units per hectare
(approximately 2.1 livestock units (LU) per hectare). At this time typical finishing age for prime cattle in
Ireland was 2.5-3 years of age (Riordan et al., 1979). It was considered that the two-year old steer system
described by Flynn (1981) was practiced by a small number of farmers. Net margin of this two-year old
steer beef system was £140/head.

The availability of anabolic implants in the early 1980s increased carcass output by up to 40 kg per head
in two-year old steer beef system (Keane et al., 1986). Anabolic implants were banned in the late 1980s
and in order to maintain carcass weight (320 kg/head) the production system evolved with concentrate
feeding levels increased to 850 kg/head. The production system for two-year old steer production in the
early 1990s was described by Keane and Drennan (1995) and is outlined in Table 2.

Table 2. Summary of two-year old steer system developed at Teagasc Grange in the early 1990s (Keane
and Drennan, 1995)

Number of days Charolals X Management

Mid March 60 Rearing

Mid May 180 80 85 First grazing season

Early November 150 220 225 First winter

Early April 190 300 320 Second grazing

season

Mid October 150/180 470 500

Mid March - 610 - Friesian slaughter
. . Charolais X

Mid April - - 680 slaughter

Carcass weight (kg) 320 380

Conformation was O (80%) and R (20%) for Friesians and R (75%) and U (25%) for Charolais crossbreds.
Total concentrate input was 850 kg for Friesians and 1,150 kg for Charolais crossbreds. The production
system was operated at a stocking rate of approximately 2.6 LU per hectare with carcass output of 750 kg
per ha. Nitrogen application was 240 kg per hectare. The margin cited for this system (half of each breed-
type within an integrated system) was £210/head.

The support mechanisms of the EU Common Agricultural Policy (CAP) have had a critical bearing on
the economics and management blueprints of dairy-beef systems. The CAP was introduced in 1962 to
provide security of supply in food production following the shortages that prevailed during World War 2.
An economic system of price and market support was put in place to increase agricultural productivity,
ensure a fair income for farmers and establish secure supply chains for consumers. Major reforms of
the CAP with significant implications for cattle farming in Ireland included the introduction of the milk
quota system in 1984, which halted growth in dairy cow numbers, and the MacSharry reforms of 1992
which moved the CAP from commodity price supports to direct income supports for farmers based on
land area of livestock numbers.

Of specific relevance was the availability of a Special Beef Premium (two payments were payable for steers
at 10 and 22 months of age for steers), a Slaughter Premium (payment made on animals slaughtered
between 1January and 30 April to reduce ‘seasonality’) and an Extensification Premium (to support lower
stocking rates and more extensive farming systems) (Drennan, 1993). In general, these premia encouraged
two-year old steer production systems such as that described in Table 2 since cattle produced in these
systems were eligible for both Special Beef Premium payments and also qualified for the Slaughter
Premium. Keane et al. (2005) noted that total premia payments could amount to €600/animal which was
much greater than the ‘market-based’ income that was attainable within these systems. Thus, premia
contributed significantly to farm income and often subsidised production losses. However, they were also
partly responsible for additional compliance costs and artificially inflated calf purchase prices. A major
reform of the CAP in 2003 (the so-called ‘Luxembourg Agreement’) led to the decoupling of subsidies from
production and the introduction of the ‘Single Farm Payment’. It was also proposed to end the milk quota
system in 2014/15.

In 2005, the national cow herd was evenly split between dairy and suckler cows. Over 83% of the dairy
herd calved in the first five months of the year, with 65% of these births occurring in February, March,
and April. This seasonal calving pattern played an important role in shaping dairy-beef production
systems. In 2005, 56% of calves born in the dairy herd were sired by a dairy breed, with Holstein Friesian
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accounting for 47.1% of total registrations. Early-maturing breeds such as Angus and Hereford increased
in popularity based on calf registrations from the mid-1990s and accounted for 14.7% and 12.8% of
calf registrations from the dairy herd in 2005, respectively. Continental sires such as Limousin, Belgian
Blue, and Charolais were also popular, accounting for 9.1%, 4.2%, and 4% of births from the dairy herd,
respectively. Given the seasonal calving, breed, and gender profile of the dairy-beef calf crop during the
mid-2000s, and the prevailing premia regimen that prevailed at that time, the predominant finishing
systems involved under-24 month indoor or outdoor finishing during a second or third grazing season,
with cattle aged either 18-21 months or 27-30 months, respectively.

The introduction of the Rural Environment Protection Scheme (REPS) in 1994, the stocking rate constraints
introduced into the CAP regimen through the 1990s and the European Nitrates Directive (Directive 91/676/
EEC with the first Nitrates Action Programme in Ireland in 2006) impacted farms’ organic and inorganic
nitrogen limits. This restriction on nitrogen limited stocking capacity and total herbage production during
this period, the impacts of which are reflected in the carcass output of blueprint production systems
shown in Table 3.

Dairy-beef systems, having undergone a period of de-intensification during the 1990s, were given the
opportunity to increase carcass output in the era of decoupled payments. These improvements in carcass
output were targeted through the use of high beef merit genetics and improved, modernized grassland
management (Keane, 2002). Production blueprints focused on enhanced grassland management, which
consisted of extending the grazing season and doubling the number of paddocks used in a rotational
grazing system to increase animal live weight performance. Primarily, the grazing season was extended
in the spring by ‘strip’ grazing swards intended for silage production, allowing for earlier turnout (Keane,
2002).

Leader/follower grazing systems, where calves graze ahead of yearlings to receive the highest quality
pasture and reduce their parasite burden, were the favoured grazing management approach (Keane,
2002). However, leader/follower grazing resulted in significantly lower yearling live weight performance
due to the reduced herbage allowance and quality of the sward provided. Based on the feed budget and
animal units from the production blueprints outlined in Table 3, these systems would be required to grow
from 8.8 t DM/ha to 9.6 t DM/ha to support stock numbers, assuming a herbage utilisation level of 80%.

Table 3. Production blueprint animal and farm system performance (mid 2000s)

Steer

Friesian | maturing | maturing | maturing | maturing | maturing
Slaughter performance
Finishing age, months 24 22 24 28 19 21
Slaughter weight, kg 620 570 650 710 460 550
Carcass weight, kg 320 295 350 390 235 290
Carcass conformation O- O+ R- R- O= O+
Carcass fat 3+/4- 3+ 3+ 3+ 3+ 3+/4-
Lifetime feed input
Grazed grass, kg DM 2,450 2,450 2,450 3,950 2,340 2,340
Silage, kg DM 1,460 1,050 1,460 1,580 500 910
Milk replacer, kg DM 25 25 25 25 25 25
Concentrate, kg 1,000 670 1,000 350 250 550
Farm system performance
Animal unit/ha 1.8 2.1 1.8 1.2 2.7 2.2
Organic N, kg/ha 146 149 146 126 157 151
Inorganic N, kg/ha 114 105 114 110 94 104
Live weight output, kg/ha 1,116 1,197 1,197 866 1,243 1,222
Carcass output, kg/ha 576 620 630 476 635 644

Current research led dairy-beef production blueprint

The selection of a suitable dairy-beef system is contingent on several factors, including available land,
labour, facilities, and the desired work-life balance. A key criterion for evaluating any chosen system is
the financial return from the farm’s most limited resource, often land. Consequently, net margin per ha
is commonly used to evaluate farm systems. To optimise profit per ha, farmers generally have higher
stocking rates and target younger finishing ages to support high beef output, through careful animal
and grassland management. However, where systems are not restricted by facilities or land resources,
and farmers are more focused on a work-life balance, lower stocking densities and finishing cattle older,
during a ‘third’ grazing season, can provide a good return on labour input.

When aiming to reduce finishing age in pasture-based systems it is essential that animal growth is
maximised throughout its life, but this must be done in a cost-effective manner during each stage of the
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animal’s life. The management and minimum growth target for each performance period of a dairy-beef
animal’s life based on Teagasc research system production blueprints is as follows:

Calf rearing

Calf rearing is the most expensive and labour-intensive period in dairy-beef systems. Specialist dairy-beef
producers are focused on minimising the number source herds to reduce possible disease challenges.
Calves should be housed in a well-ventilated, draught free environment, with calves grouped by source,
age and weight. In Teagasc Grange, calves receive 2 L (litres) of electrolytes on arrival, and receive initial
intranasal vaccinations 24 hours post-arrival to boost immunity against bovine respiratory disease.
Typically, calves arrive on-farm at three weeks of age, weighing 50 to 55 kg. For the first week on the farm,
calves receive 6 L/day (0.75 kg solids) and ad-libitum access to concentrates, roughage and water. From
four weeks of age, milk volume is reduced to 4 L/day (0.5 kg solids). This milk-feeding regime is based
on research showing similar animal performance levels and reduced rearing costs compared to feeding
higher milk volumes (Byrne et al., 2024). This reduced milk feeding encourages increased concentrate
intake, aiding rumen development. Weaning takes place when calves reach a target weight of 85 kg
and are consistently consuming over 1.0 kg/day of concentrate. During the rearing phase, calves should
achieve growth rates of 0.6 to 0.7 kg/day.

First grazing season

After weaning, calves are turned out to pasture from May onwards. They continue to receive 1 kg
concentrate/day and have access to roughage (straw) for the first three weeks of the grazing season to
ease the transition onto a grass diet, after which supplementation ceases. Recent research at Teagasc
Grange found no benefit from supplementing February-born calves with concentrates throughout their
first grazing season, when grazing high quality pasture (O’Driscoll, 2023). Due to declining pasture
quality in the autumn, concentrates are reintroduced from mid-September until housing to maintain
energy intake of calves. Calves should be offered high-quality pasture throughout the grazing season,
with a target pre-grazing herbage mass of 1,200 kg dry matter (DM)/ha early in the grazing season and
Increasing to 1,400-1,600 kg DM/ha as calves become more accustomed to grazing. Typically, calves are
offered silage aftermath as these swards have the longest ‘rest’ period and the lowest parasite burden. In
dairy-beef system experiments at Teagasc Grange and Johnstown Castle, a post-grazing residual sward
height of ~5 cm is targeted for calf and cattle grazing (Fitzpatrick et al., 2024). The target average daily live
weight gain (ADG) during the first grazing season for calves is 0.7 to 0.8 kg, resulting in a housing weight
of approximately 200 kg for heifers and 230 kg for steers.

First-winter indoors

In order to avail of compensatory growth at pasture during the following grazing season, weanling cattle
need to achieve a moderate growth rate over the first winter, 0.6 to 0.7 kg live weight/day. Where silage
DM digestibility (DMD) is high (e.g. 75% DMD), this can be achieved with less than 1.0 kg concentrate/
day, whereas when silage DMD is low (e.g. 65%), 1.5 to 2.0 kg/day of concentrate supplement is required.

Second grazing season

Typically, yearling heifers and steers are turned out to pasture in mid-March weighing approximately
280 kg and 310 kg, respectively. Over the second grazing season, an ADG of 0.9 kg is targeted from a
grass-only diet. In order to achieve this, cattle need to be offered high-quality pasture in a rotational
grazing system. A pre-grazing herbage mass of 1,400 to 1,600 kg DM/ha should be targeted during the
mid-season, with excessively heavy grass ‘covers’ removed as surplus baled silage. Cattle should receive a
new grass allocation every 2-3 days, and be grazed to a residual height of approximately 5 cm. Dairy-beef
heifer and early-maturing steer systems may draft cattle off pasture if desired fat levels are achieved.
However, heifers and steers destined for indoor finishing are typically housed by early-October, weighing
approximately 480 kg and 500 kg, respectively, to reduce grass demand, allowing weanlings to avail of an
extended grazing season into late-autumn.

Finishing

The selection of ‘finished’ cattle (drafting) is primarily dependent on their ability to meet market
specifications for carcass fat score, which is between 2+ and 4=. Nationally, a relatively high percentage
of animals are being finished at excessively high fat scores, which means additional days on feed, and
associated economic and environmental costs. Across Teagasc dairy-beef herds, the majority of early-
maturing heifers achieve the target fat scores from pasture during the second grazing season, avoiding
the need for an indoor finishing period. For early-maturing steers and late-maturing heifers this level of
fatness can be achieved after a 60 to 80 finishing period (indoors or at pasture), while Holstein-Friesian

steers will require 100 to 120 days of indoor finishing. Finishing diets should consist of high quality
pasture or grass silage (>75% DMD) ad-libitum, in addition to 5 kg of concentrate daily. As finishing periods

Page 14



increase in duration, the conversion of feed into carcass reduces, and ultimately a point is reached where
feed costs exceed carcass gain benefits. It is essential that live weight gain and the level of fatness of
finishing cattle are monitored regularly, allowing for timely drafting. Physically determining the body
condition score (BCS) of each animal is essential, paying particular attention to the tailhead, rump, loin,
ribs and the level of fat deposited between folds of skin. The ‘fleshing’ ability of animals will determine
the frequency of drafting; this is generally completed every 10 days during the finishing period across
research herds in Teagasc.

Economics of dairy-beef steer and heifer research systems

Steer system performance

Nationally, dairy-beef steers are finished at ~27 months of age during a third grazing season; however,
with the policy ambition for younger finishing age, the economic efficiency of systems with lower finishing
ages is of great interest.

An experiment was carried out in Teagasc Grange to investigate the potential of the CBV in predicting
increased animal performance, as well as grass-based feeding strategies aimed at reducing finishing age.
The CBV is a genetic index to identify beef cattle with higher merit for beef and feed efficiency traits.
All calves on the study were born to Holstein-Friesian (HF) dams, and sired by Angus or HF sires. The
Angus calves were subsequently split into two genetic groups, selected for being either 4-star or 5-star
(High-CBV) or 1-star, 2-star or 3-star (Low-CBV) for CBV. This resulted in three genetic groups including
HF. Within each genetic group, half of the animals were assigned to conventional management, receiving
a grass-only diet during the second grazing season and being finished indoors from concentrates and
grass silage (Conv.), and the other half received 4 kg of concentrates/head daily from the 1 July during the
second grazing season until finished at pasture (Supp.). Finished steers were drafted based on meeting a
BCS of 3.75 (5-point scale), deemed to be equivalent of a carcass fat score of 3+/4-.

Overall, both Angus groups achieved a higher lifetime ADG than the HF steers. Finishing age was similar
between the Low-CBV and High-CBV groups, indicating a similar ‘fleshing’ ability; however, High-CBV
steers produced 18 kg more carcass than Low-CBV steers (Table 4). Animals are deemed to have met
market specifications (i.e. “in-spec”), once they achieve a conformation score > O=, carcass weight between
280 kg and 380 kg, a fat score between 2+ and 4=, and an age at finish < 30 months. In terms of overall
market specifications, 73% of High-CBV steers, 53% of Low-CBV steers and 22% of HF steers met the
requirements. Failure to meet overall carcass specification was primarily caused by low carcass weights
for Low-CBV animals, and poor carcass conformation for HF steers.

Table 4. Growth and carcass performance of 2020-born and 2021-born dairy-beef steers per feed
management strategy and genetic group

Conventional Supplemented
Finishing age, days 641 652 717 603 601 711
Carcass weight, kg 314 306 311 310 284 328
Carcass conformation 0=/0+ O= P+/0O- O+ O= O-
Carcass fat 3+/4- 3+ 3+ 4- 3+ 3+/4-
Finishing period, days 51 62 127 101 99 162
Finishing supplement, kg 248 306 628 403 403 933
Lifetime ADG, kg 0.91 0.88 0.82 0.92 0.86 0.85

Major improvements in beef production efficiency can be achieved from the use of high-beef merit
genetics compared to HF. Although carcass weight was similar to HF, High-CBV animals were finished ~3
months earlier, requiring only half the number of finishing days indoors, which represents a major saving
in feed costs.

Concentrate supplementation during the second half of the grazing season reduced finishing age of Angus
steers by 1.5 months, which meant that an expensive indoor finishing period was avoided compared to
their non-supplemented counterparts. In contrast, HF steers supplemented at pasture did not meet the
desired fat level and required an additional 120 days of finishing indoors. High-CBV steers generate more
profit, and produce beef with a lower carbon footprint compared to Low-CBV and HF steers, regardless of
management system (Figure 3). The CBV, along with the national genotyping programme offers farmers
an opportunity to make informed decisions at market, allowing them to purchase the most efficient and
profitable animal for their system.
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Figure 3. Profit and carbon efficiency of dairy-beef steer systems of contrasting beef merit (High-CBV, Low-CBV and
HF) and feeding strategy (Conventional us. Supplemented)

Heifer system performance

Despite the lower carcass weight of heifers compared to steers, grass-based dairy-beef heifer systems
have the potential for very high carcass output/ha, due to increased numbers of animals finished at
younger ages from pasture, which eliminates or reduces the need for an indoor finishing period. Carcass
output, the level of inputs required and profitability can be optimised by grazing highly productive and
high nutritive value pastures.

Clover and herb-rich swards have many benefits including increased sward nutritive value, animal
performance, herbage DM production and biological nitrogen fixation. With chemical fertiliser nitrogen
representing one of the highest costs in a grass-based system, reducing reliance on this is vital to improve
the viability of dairy calf-to-beef systems. Grass-clover and multispecies swards (MSS) can produce
similar DM yields to a perennial ryegrass-only (PRG) sward, despite receiving reduced chemical nitrogen
fertiliser.

This means that nitrogen fertiliser input requirements are reduced representing a significant cost saving,
and furthermore improving profitability for farmers. Recent research at Teagasc Johnstown Castle has
shown that overall lifetime growth performance of early-maturing breed dairy-beef heifers consuming
PRG plus red and white clover swards (CLOVER) and MSS (grass + clover + herbs (chicory and plantain))
was similar, but greater than PRG swards (Table 5). This resulted in a greater number of heifers being
finished at pasture for the CLOVER and MSS treatments compared to the PRG treatment (86 vs. 75 vs.
68%, respectively). The indoor-finishing concentrate requirement was therefore, lower for the CLOVER
(25 kg) and MSS (34 kg) treatments compared to PRG (62 kg). This represents a significant saving in costs
associated with feed and housing, consequently increasing profitability. Results for the 2021-born and
2022-born calves showed that daily live weight gain over the first grazing season was greatest for MSS,
whereas daily live weight gain as yearlings during the second grazing season was greatest for CLOVER
(Table 5).

When dairy calf-to-beef heifers were drafted at a target fat score of 3=, CLOVER animals achieved the
greatest net margin compared to the other two sward types (Table 6). This was due to a greater carcass
weight, a lower chemical nitrogen application rate, and a greater proportion of these animals being
finished at pasture during the second grazing season, which reduced overall costs. Incorporating clover or
clover+herbs, meant that half the rate of chemical nitrogen fertiliser was applied and the same herbage
production was achieved, resulting is significant cost savings.

Table 5. Effect of pasture type - perennial ryegrass-only swards (PRG), PRG plus red and white clover
swards (CLOVER) and multispecies swards (MSS) - on daily live weight gain (kg) of 2021-born and
2022-born dairy-beef heifers

PRG CLOVER MSS
First grazing season 0.61 0.62 0.79
First winter 0.65 0.65 0.68
Second grazing season 0.81 0.92 0.87
Lifetime 0.74 0.78 0.79
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Despite having a light carcass weight, dairy-beef heifer systems have opportunity for high carcass output
and are profitable, and this can be further improved by including clover or clover+herbs into pastures.
The inclusion of clover or clover+herbs can generate an additional €100 to €150 net margin/ha, through
improved animal performance and lower input costs, offering farmers an opportunity to improve
efficiency, while also striving to meet sectorial climate targets.

Table 6. The effect of pasture type on animal, financial and environmental performance of dairy-beef

heifers finished in 2022 and 2023

PRG CLOVER MSS
Finishing performance
% drafted from pasture 68 86 75
Age at finish, months 19.6 19.2 19.2
Slaughter weight, kg 482 492 490
Carcass weight, kg 243 250 249
Carcass conformation = O= =
Carcass fat 3= 3=/3+ 3=/3+
System
Stocking rate, LU/ha 2.65 2.37 2.48
Animals finished on 40 ha 139 127 131
Organic N, kg/ha 220 191 201
Lifetime concentrate, kg DM/head 400 370 380
Carcass output, kg/ha 849 791 813
Farm level financial performance (40 ha farm) (€,000)
Gross output 141 133 135
Variable cost 72 61 64
Gross margin 69 71 71
Fixed costs 31 28 29
Net margin 38 44 42
Net margin, €/ha 950 1,097 1,050
Net margin, €/head 273 347 320
Environmental
GHG emissions (kg CO,./kg carcass) \ 12.37 \ 12.88 \ 12.91

Base price of €4.56/kg; €0.20/kg QA payment and €0.20/kg breed bonus. Finishing concentrate price €400/t. Protected urea price
€550/t. "Net margin excludes land & labour charge and assumes a calf purchase price of €150 per head for early-maturing breed
heifer calves

Industry challenges and opportunities

In Ireland there is a commitment to reduce agricultural GHG emissions by 25% by 2030; key strategies
to deliver this reduction in terms of cattle production are to use more efficient animal genetics, lower
concentrate input and reduce the finishing age of cattle by 3 to 3.5 months. In the delivery of reduced
finishing ages, dairy-beef producers will face challenges to maintain carcass specification without
additional concentrate input where animal genetics, health and nutrition are not fully optimised. The
ability of an animal to meet market specification determines the market returns (marketability and
processability), thus beef price received by farmers.

The number of male dairy x dairy calves born has decreased, with 100,000 fewer in 2023 due to increased
use of sexed semen to breed dairy heifer replacements. This trend is expected to continue, replacing
low-merit males with beef-sired calves, representing an overall improvement in the beef merit of the calf
crop, however, the beef genetic potential (CBV) of the beef-sired calves has reduced, due to declining dairy
dam carcass characteristics and the continued use of low carcass merit beef sires (Kelleher et al., 2024).
The decline in the beef merit of beef-sired calves is a result of negligible genetic gain for carcass traits
within beef breeds used predominantly on the dairy herd and inadequate supply of both Al and stock
bulls with favourable calving and carcass traits (Kenny, personal communication).

In 2023, approximately 182,000 and 26,000 calves born from the dairy herd were either exported or
slaughtered under six weeks of age, respectively (AIMS, 2024). Such practices are perceived negatively
by wider society, and are coming under increased scrutiny. If these calves are retained to adulthood
in Ireland, the majority are likely to be reared in conventional dairy-beef systems where animals are
slaughtered between 23 and 28 months of age. This would contribute significantly to methane and total
greenhouse gas emissions thereby creating challenges in meeting the targets set in the national climate
strategy.

In common with other EU member states, Ireland receives a derogation from the nitrogen limits as
provided for in the Nitrates Directive. Revisions to Ireland’s derogation have and could further reduce the
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stocking capacity of dairy-beef farms. Analysis of the stocking rate of commercial farms participating
in the DairyBeef 500 Campaign (a farm improvement programme led by Teagasc involving a network of
demonstration farms) in 2023, showed that to achieve a margin >€500/ha required a stocking rate of over
170 kg organic N/ha, meaning these farms needed a nitrates derogation. Across the DairyBeef 500 farms
a reduction of 10% in stocking rate would result in a reduction in net margin of ~ €267/ha (Dillon et al,,
2024).

The National Farm Survey identified a wide range of disparity between the financial performances of
commercial dairy-beef farms Table 7 (Dillon et al., 2022), highlighting substantially lower net margins
than those achieved at research and demonstration farm level. This low and often negative margin
achieved creates major challenges for farmers and contributes to the high attrition rate of farmers from
dairy-beef production. It has been established that over a 5-year period of dairy calf-to-beef production,
only 39% of farmers continue purchasing and rearing calves (ICBF, 2021).

Table 7. Net margin (€/ha) of dairy-beef enterprises (National Farm Survey 2022)

Year Top 1/3 Middle 1/3 Bottom 1/3
2021 433 182 -25
2022 229 85 -157

Dairy farmers generally use higher levels of Al compared to suckler producers (Berry et al., 2020), with
sexed semen becoming more commonplace to generate dairy replacement, increasing the proportion of
beef-sired calves born. The high level of Al use across the dairy herd provides opportunity to make rapid
and widespread improvement in the beef merit of the calf crop, provided bulls of high carcass merit are
commercially available in increased numbers. Nationally, sexed semen has been found to be 95% as
effective as conventional semen (Kelleher, 2023) and based on growing production capacity and usage
potentially 70% of calves born in the dairy herd annually could be beef-sired. Given the decline in the beef
merit of the national dairy cow herd (Mulhall et al., 2023) and the low levels of improvement in the beef
merit of beef-sires used in the herd, a dedicated breeding programme targeting increased genetic gain
in beef traits within the DBI is required. The supply of dairy-beef calves, especially beef-sired calves is
increasing, meaning that calves are likely to become more competitively priced, in accordance with their
beef genetic and profit potential (Berry, 2021). Dairy-beef production offers greater flexibility compared
to other cattle rearing systems, with relatively low capital/infrastructure requirements, especially where
reared calves are purchased and cattle are finished before a second winter indoors. From high performing
commercial and research farm systems it is clear that high levels of profitability are achievable from
dairy-beef production. The greenhouse gas emissions intensity of early-maturing dairy-beef steers ranges
from 12 to 14 kg CO,e per carcass kg produced (Figure 3 and Table 6), in contrast to ~22 kg CO,e per kg
carcass for suckler bred early-maturing steers produced from similar grass-based system at a similar
ages (Herron et al., 2021).

Dairy-beef cattle can produce an ‘in-spec’ product from a socially acceptable pasture-based system at
young finishing ages (19-24 months), satisfying the growing demand for animal-based protein from more
environmentally conscious consumers (Berry, 2021). Vertical integration (linking dairy farmers producing
calves, beef farmers rearing these animals to finish and meat processors) provides opportunities, however
such arrangements are uncommon in Ireland compared to other regions (Burke, 2016). Such agreements
begin with the selection of high merit beef bulls for use on the dairy herd, with commitment by beef
processor to purchase back resulting progeny meeting overall criteria. These calves are then provided
to beef rearers where they are contract reared to a specific production blueprint, providing a consistent
product produced to a high level of environmental efficiency, satisfying consumer requirements. This
type of rearing agreement can reduce the risk for dairy-beef farmers by offering guaranteed forward price
contracts.

Conclusion

Although the size and structure of the national herd and contribution of dairy-beef to overall beef
production seems similar today to the early 1980s, producers have a greater range of tools/knowledge
available to help achieve more financially and environmentally efficient farm systems. Genetic selection
tools such as the DBI and CBV are of crucial importance to the industry. There has been a shift to greater
use of beef breeds in dairy herds with the potential for greater beef meritin the resulting progeny. However,
the beef genetic potential of these sires has been relatively lower than desirable limiting beef production
efficiency and profit. Improving the beef merit of beef bulls used on the dairy herd, can contribute to
rapid improvement in the quality of the calf crop due to increasing use of beef Al and a higher proportion
of the calf crop being beef-sired. There is an onus on the dairy industry to produce calves with higher beef
production efficiency and for dairy-beef farmers to seek information and procure calves based on CBV
to encourage the continued breeding of profitable beef calves from the dairy herd. Improvements in the
quality and profit potential of the beef calf crop from the dairy herd begins with reducing the number of
dairy x dairy male calves in exchange for high-beef merit beef x dairy animals.
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An increased contribution of dairy-beef to overall beef production can help Ireland meet agricultural
GHG reduction targets, creating opportunity for profitable farm systems. These systems can make
effective use of labour and facilities available, but must be based on the efficient use of grazed grass. The
impact of policy and market requirements on farmer decision making and farm systems implemented
in recent decades is evident. Farm policy and market specification need to promote the key technologies
identified through the research farm systems outlined in this document. This involves facilitating the
appropriate stocking rates, carcass weights and finishing ages to meet the needs of farm financial
viability, environmental sustainability and societal acceptance. The disparity between research and
commercial farm financial performance need to be better understood with targeted research with
improved dissemination strategies.
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Abstract

Dairy-beef is an integral part of the New Zealand beef production system with an estimated 74% of all
beef originating from the dairy industry. Over the past three years between 0.86 and 1.04 million non-
replacement calves (mostly bull calves) from the dairy industry were reared annually. An estimated 50%
of these calves are reared by specialist rearers on low-cost once-a-day feeding systems for on-sale to beef
finishers. These bull calves are processed at 2-3 years of age and at average carcass weights (CW) of ~300
kg. Many of these bulls are intensively farmed in beef systems which maximise grass growth and pasture
utilisation. Increasing crossbreeding between Holstein-Friesian and Jersey genetics in the dairy industry
has led to around 60% of dairy cows being crossbred. This, along with the use of low-quality beef sires,
creates issues with the supply of quality calves as does the lack of a supply chain from dairy farm to
market. Another issue of industry concern is the ~2 million calves processed annually for bobby veal at
around 4 days of age. Farming of these calves would create disruption to the pastoral industry and lead
to fewer cows in milk, significantly lower beef carcass weights and/or displacement of other stock.

Keywords: beef, dairy, quality, bobby veal, disruption

Introduction

New Zealand (NZ) livestock farming is based on using grazing animals to harvest pasture with low levels
of supplementation and limited feedlot or indoor over-wintering of livestock.

In 1982, NZ sheep numbers peaked at 70 million supported by 5 million beef cattle and 2.1 million dairy
cattle. Currently there are 23.3 million sheep, 3.7 million beef cattle and 5.9 million dairy cattle (Anon,
2024a). These changes have been associated with fluctuations in relative profitability, particularly with
dairy farming, where economies of scale have driven change. On average, dairy farms now milk 441
cows, compared to 164 in 1990 and 124 in 1980. Other changes in land use have been a move to forestry
plantings (mostly Pinus Radiata) for both timber and carbon farming. Between 1980 and 2023, forestry
plantings increased from 1m to 1.8m hectares (ha), impacting both sheep and traditional beef farming.
Between 1990 and 2015 there was a 34% reduction in sheep and beef land-used for sheep and cattle
farming (Journeaux, 2017).

New Zealand produces approximately 3% of global milk production and is the world’s top dairy exporter,
accounting for approximately 30% of the world’s internationally traded dairy products. A key difference
between NZ and many other countries is that we have a relatively small domestic population and
relatively low consumption of milk. Fonterra Co-operative Group is the dominant downstream processor
in NZ with an 84% share of the NZ milk supply (Anon, 2023). Because most milk is further processed, NZ
dairy farmers are paid on the fat and protein content of milk rather than volume in what is called “farm
gate milk price”. In 1970, Holstein-Friesians were the dominant dairy cow breed but crossbreeding with
Jersey has led to increases in per ha profitability (Lopez-Villalobos et al., 2000). These crossbred ‘Kiwi’ cows
now comprise ~60% of the national dairy herd with Holstein-Friesian representing 24% and Jersey cows
representing ~8% of the national herd in 2022-23 (Anon, 2023). The move to ‘Kiwi’ cows has had other
benefits such as improved fertility, longevity and lower mature liveweight which has reduced treading
damage from cows (Lopez-Villalobos et al. 2020). The move to smaller dairy cows with their lower growth
potential has implications for the finishers of their progeny.

The relative profitability of different farming enterprises has driven much of the change in NZ land use.
Financial returns per ha are vastly different because of the class of land and stock policies employed.
Table 1 compares land use options and their relative return expressed in EBIT (Earnings before Interest
and Tax) per ha (Journeaux, 2017, personal communication). Dairying shows an EBIT of 4.7 times that of
intensive sheep and beef finishing and 8.5 times that of the more extensive sheep and beef breeding. Our
estimates are that annual pasture production is 13, 9, and 6 tonnes of dry matter (DM) per ha on dairy,
intensive finishing, and sheep and beef breeding land, respectively.

Table 1. EBIT/ha from intensive finishing and sheep and beef breeding relative to dairy

Land use 2021 2022 2023 10 year average
Viticulture NA $21,125 $18,565 $14,898
Kiwifruit NA $64,443 $49,843 $41,383
Dairy $4,279 $5,355 $4,099 $3,399
Intensive finishing $886 $934 $713 $718
Sheep and beef breeding $375 $488 $429 $401
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New Zealand's beef supply is dependent on traditional beef cattle born on sheep and beef farms and beef
on dairy (dairy-beef) born on dairy farms. As dairy cow numbers have increased the amount of beef of
dairy origin has increased. Edwards et al. (2021) estimated that 74% of total beef originates from the NZ
dairy herd and comprises a mix of bobby calves, surplus heifers, steers, bulls and cull cows, including
those raised on beef farms (Figure 1). Most steers, heifers and bulls are processed at between two and
three years of age (Stevens et al.,, 2022). Looking at B+LNZ industry data, averaged across the last five
years, it is important to note that 68-73% of all beef processed originated from dairy farms. Within sheep
and beef farms 52% of cattle processed were of dairy origin; 28% of steers, 52% of heifers, and 94% of bulls
(Thomson R.D,, personal communication).

New Zealand Beef Supply @4@

2022-23 September Year, Million Head U L
Sheep & Beef Farms Dairy Herds
~9,165 ) 1.04m Calves ~10,800
3.8m Beef Cattle 5.9m Dairy Cattle
1.0m Beef Cows 4.6m Dairy Cows

100%, , 100%
3
2
£ Steer Bull Cow Heifer Bobby Calf
2 0.65m 0.50m 1.00m 0.79m 1.89m
w
Other Export Approved Live
Premises Premises Export
0.05m 4.57m 0.08m
1.1% 97% 1.7%

Source: Beef + Lamb New Zealand Economic Service & Insights
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Figure 1. Pattern of supply of New Zealand Beef

Of the0.94 million dairy origin calves that transferred from dairy farms to beef farms in 2023, an estimated
53% were Friesian bulls which are typically farmed across two-winters and then sold to meat processors
in December and January. Bull beef farming is the most profitable livestock policy on drystock farms
but not all farmers will tolerate the associated animal behavioural challenges and will farm steers and
heifers by preference. The second most profitable policy option is dairy heifer grazing and dairy farmers
would be unlikely to want their sheep and beef farmer graziers to exchange their dairy heifer grazers for
dairy-beef animals (Thomson R.D,, personal communication).

History of the NZ dairy-beef industry

In 1960, the beef breeding herd comprised 1.20 million cows and heifers with 3.01 million beef cattle in
total. At that same time dairy cattle numbers were 2.97 million meaning that numbers for each were
similar (Anon, 2024b) and very few calves born in the national dairy herd were reared for beef production.
Improving beef prices through the 1960’s and early 1970’s led to large increases in the number of beef
animals on NZ farms with beef cow numbers peaking at 2.3 million in 1975-76 (Anon, 2024).
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Figure 2. Dairy and Beef Breeding numbers from 1970 to 2023 (Beef + Lamb Economic Service 2024)
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These increases in beef prices led to increasing interest in intensive production systems involving dairy-
beef (e.g. Everitt & Ward 1974). Working with dairy-beef calves (Brougham et al., 1975) showed that net
carcass production of 1 000 kg per ha could be achieved by farming dairy bull calves between three and
15 months of age in an intensive all-pasture beef system.

Most of the interest in intensive dairy-beef systems has been in producing bull beef because of their
faster growth rates and better profitability than both steers and heifers (Thomson, 2022). Moreover, bull
beef prices have traditionally tended to be similar to prime beef and between 2018 and 2023 prime beef
averaged $NZ6.01/kg and bull beef $NZ5.93/kg (Anon 2024a). In 2023-24 1.9 million steers, heifers, and
bulls were processed in New Zealand, with bull beef accounting for 26% of the total beef produced (Anon
2024b). Whilst cull breeding bulls are included in this total, they account for a very small percentage.

As farming of bulls has become more accepted, carcass weights (CW) have steadily increased, from 170
kg in the early 1970’s (e.g. Brougham et al., 1975) to an industry average of 303 kg (Anon, 2024a). This is
partly a result of better farming practices and pricing signals from meat processing companies to obtain
heavier carcasses and improved processing efficiency. Virtually all bulls are sold as manufacturing beef
and there is no price premium for slaughter at younger ages, so farmers are incentivised to produce
heavier and older carcasses.

With changes in the relative profitability of dairy farming compared to sheep and beef farming cattle
numbers have changed considerably. In 2022-23 there were 1 million beef breeding cows and 3.8 million
beef cattle compared to 4.6 million dairy cows and 5.9 million dairy cattle. The number of dairy calves
transferring from dairy farms to beef farms prior to 1990 is known to be very low however from the 1970’s
numbers gradually increased to reach between 750,000 to 905,000 in the early 1990’s. These numbers
then dropped to between 420,000 and 560,000 in the late 1990’s, then gradually rose to a peak of 1.3
million in 2020, and this has now settled to between 900,000 to 1 million per year in the last three years.
This means that in the early 1990’s ~0.7 million surplus dairy calves were processed each year whereas
in the 2020’s ~1.8 million were processed each year.

Calf rearing

Dairy-beef calves in New Zealand are either reared by dairy farmers for on-sale or are purchased by
specialist calf rearers. Most are reared from four days of age through to 100 kg liveweight (LW) (typically
12-14 weeks of age) with a few being farmed through to slaughter. Specialist calf rearers are usually
physically and financially separate from dairy farms.

Farm surveys indicate that between 7 and 12% of dairy calves born are reared for beef on dairy farms
(Thomson et al. 2018, Edwards et al., 2021). The numbers actually reared will reflect the expected farm
gate milk price, the amount of surplus colostrum and transition milk available and the expected beef
prices. Our best estimate is that 50% of the dairy-beef calves are reared on dairy farms and the remainder
on specialist calf rearing units.

Most (79%) dairy farmers feed their calves twice a day and tend to feed high milk volumes (316 litres of
colostrum or milk/calf) and wean at 9.7 weeks of age (Thomson et al., 2018). Dairy farm-reared calves
are fed surplus colostrum and transition milk when it is available, but this reduces calf appetite for solid
feed. This delays rumen development and the ability to wean early. On the other hand, most specialist
calf rearers (71%) feed milk once a day, feed lower milk volumes (average of 155 litres/calf) and wean
at 6.5 weeks. Compared to dairy farmers, specialist calf rearers are more aware of their cost inputs and
use scales to monitor calf growth (Thomson et al. 2018). Nevertheless, calf rearers are typically squeezed
between dairy farmers for calf purchases and beef finishers for the sale of their calves. As the majority
of dairy-beef calves are born in spring, they usually hit the market in early summer as grass growth
and quality declines. Rearers with small blocks are unable to carry these calves into summer and often
become forced sellers. The reluctance of both dairy farmers and finishers to sign advance sale and
purchase contracts means that calf rearing returns are volatile, with a 20% turnover of specialist calf
rearers per year (Thomson et al., 2018).

Historically, calf rearing outside of dairy farms was somewhat of a cottage industry and the preserve of
small-block owners. As feeding twice-a-day on calf milk replacer put time limitations on the number of
calves that could be reared. The introduction of once-a-day calf rearing systems in the 1990’s (Muir et. al.,
2002) and ongoing refinement enabled calf rearing to be carried out at scale. A number of rearers now
rear in excess of 5,000 calves annually with economies of scale around input costs such as labour, milk
and meal. Most large rearing operations tend to be located in dairying areas close to the supply of calves
and surplus milk. It is not uncommon for these large rearers to have their own stock truck and milk
collection tanker. Transition milk collected early in the season can be stored in large tanks preserved with
citric acid. Specialist calf rearers also tend to hold calves indoors for several weeks. Whilst this enables
better calf management in inclement weather, a key reason is to encourage early uptake of a grain-based
meal and better rumen development. Once consuming meal, milk intake (usually the most expensive
input) can be reduced and animals moved to pasture. Calves can be weaned once they are consuming
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1 kg/head of meal and this occurs between weeks four and five under a restricted milk system (Muir et
al., 2002). Whilst calves can be successfully reared on milk and pasture, greater quantities of milk are
required. Similarly, harvested forage can be substituted for a grain-based meal but calf performance to 12
weeks 1s compromised (Burggraaf et al., 2020). This matters in a NZ context where there is a price penalty
for calves marketed late in the season.

Beef systemisation

Intensive beef systems have been developed to enable higher levels of production and profitin all-pasture
farming systems. Systemisation involves rotational grazing with best practice pasture management to
optimise annual pasture growth, beef production and profit per-hectare. The key considerations are mob
size, rotation length, and shift frequency and these are largely dictated by winter pasture growth rate and
stock class. Mob size may vary from 10 to 200 head depending on age and sex. Winter rotation length may
vary from 60 to 160 days depending on pasture growth rate and shift-frequency may vary from 1-3 days.
Soil type and topography have a large bearing on what age stock class farmers choose. Poorly drained or
steep land is prone to treading damage and therefore are best suited for wintering younger and lighter
animals e.g. sheep or cattle less than 300 kg LW. By farming the ‘right’ stock class on the ‘right’ land class
farmers are able to farm in a way that is environmentally sustainable.

Beef systemisation started with research by a pasture agronomist (Ray Brougham) who optimised grazing
management and defoliation height to maximise canopy light interception and pasture DM production
(Brougham, 1975, Harris, 1996). This led to farmlet studies in the early 1970’s with calves from 3 to 15
months of age with high stocking rates and daily shifts. Over 16 years, average daily growth rates were
0.63 kg/head/day and these young bulls required an average of 6.9 kg DM/kg liveweight gain (Clark and
Brougham 1979). This work demonstrated that 1,000 kg CW per ha was possible (Cosgrove et al., 2003). This
was five times that being produced from local farms under the same farming conditions. This led farmers
to replicate this level of production on-farm and resulted in the development of the Technosystem™
(Charlton and Weir, 2001). This is effectively a subdivision and grazing management program to better
utilise available pasture.

Typically, a well-managed beef system on a steep-hill farm and growing 8 tonne DM/ha, would produce
~360 kg carcass/ha. A beef system on an easy-contoured farm growing 12 tonne DM/ha would produce
~540 kg CW/ha. These figures are based on the most widely practiced two-winter bull finishing policy
which typically involves buying weaner bulls at 3 months of age (100 kg LW) in the spring or at 20 months
of age (400 kg LW) in the autumn and then slaughtering them at ~300 kg CW across spring, summer and
autumn from 26-30 months of age. These figures are much lower than those reported by Brougham et al.
(1975) who was working with a one-winter system and much younger animals which are inherently more
efficient with more feed energy diverted to growth (relative to maintenance) than occurs in older animals.
A recent modelling analysis using Farmax™ showed that on the same land class a beef system will
generate twice the production and profit as the industry average (Thomson, personal communication).

While Beef Systematisation is largely confined to bull farming, the principles can be applied to any beef
finishing policy or any cattle growing program, whether growing replacement dairy heifers, or finishing
prime steers and heifers. Traditional beef production and lower stocking rates tend to be associated with
extensively farmed properties with breeding stock whereas dairy-beef production is more prevalent on
finishing properties. Some of these beef systems are run on large-scale properties with up to 3,500 bulls
finished annually.

Beef Systemisation affords the greatest opportunity for NZ beef farmers to increase farm production and
profit. In almost every situation where beef systemisation has been adopted, production and profit have
at least doubled.

Industry challenges and opportunities

An estimated 2.3 million surplus dairy calves are produced from NZ dairy farms annually, with 1.89
million calves processed as bobby calves at less than a week of age in 2022-23 (Anon, 2024). Processing
of these surplus dairy calves has caused concern from some processors of NZ milk and beef products
with the suggestion that these calves should have a ‘useful life’ and therefore not be processed until
they are at least one-year of age. There are currently several initiatives to address the challenge of these
surplus dairy calves and an industry view is that within five years, dairy farmers will have commenced
demonstrating that their surplus calves have a ‘useful life’.

Customers, like McDonalds, are now publicly stating that they will be looking to the greenhouse gas (GHG)
profiles of the products they purchase. A positive advantage for beef on dairy (dairy-beef) compared to
beef on beef (traditional beef) is that the maternal contribution of GHG is largely accounted for in the
dairy herd and not the beef herd. While in NZ the surplus dairy calf is currently a challenge, due to their
low quality, these calves potentially provide an opportunity as an alternative to traditional beef on the
basis that they will allow a reduction in our GHG emissions. Our calculations show, that when cattle are
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finished at 300 kg CW, dairy on beef (dairy-beef) will produce 45% of the GHG emissions of a beef on beef
(traditional beef) animal (Thomson, personal communication).

Dairy farming is the most profitable pastoral land use in NZ, over four times more profitable than intensive
beef finishing farms (Journeaux 2017, personal communication) thus it is unlikely that dairy farmers will
change land-use to finishing beef. As there is a finite amount of pastureland suitable for finishing cattle
in NZ, the finishing of these surplus dairy-beef calves will inevitably need to displace some other land
use.

As well as displacing other stock, there are three main alternatives to reduce the number of surplus dairy
calves. First, finishing cattle one year sooner means that 50% more cattle could be processed. Farmax™
modelling (Thomson, 2023) shows that CW would reduce from ~300 kg (Anon, 2024), to ~200 kg if the
same seasonal beef processing pattern is maintained. This would provide challenges for our processing
plants which are geared for larger carcasses, and processors claim there would be a significant cost in
processing efficiency. Secondly, dairy farmers could adopt an extended lactation whereby dairy cows
would lactate for 1.5 to 2 years and this could reduce the number of calves by 30-50% (Glassey, personal
communication). Finally, dairy farmers could reduce the number of dairy cows being milked and instead
rear calves for beef on their dairy farms. The same modelling study showed that dairy farmers with
spring calving herds would need to reduce their herd size by 16% to provide the pasture to rear their
surplus dairy calves to 200 kg for sale in the autumn. In reality, if NZ is to provide a useful life for surplus
dairy calves then the likelihood is that a range of options would be adopted.

There are a number of challenges in rearing large numbers of surplus dairy calves and a key problem
is the wide range in genetics in the dairy industry and how these impact on the quality and growth
potential of the dairy-beef progeny. Dairy farmers make mating decisions based on milk production,
with beef production being a distant second. Most of the beef bulls used are naturally mated and do
not have performance records for important traits like calving ease, gestation length and growth rate of
their progeny. The increasing crossbred nature of dairy cows means slower growing progeny, with calves
born to 14/16 Friesian dams reaching 100 kg weaning weight 6-9 days faster than calves from 10-13/16
Friesian dams. At slaughter, the respective LW of the progeny for these two groups was 594 kg and 575
kg, respectively, (Williamson et al., 2022). Because of the better per-head performance of Holstein-Friesian
calves there is a large amount of beef industry prejudice against crossbred calves. However, there was
little difference in total output of beef per ha when Friesian type and better dairy crossbred bulls were
stocked at a similar LW per ha (Everitt and Ward, 1974; Muir et al., 2002).

Since virtually all bull beef is destined for the manufacturing beef market and exported, there is little
or no consideration given to fat colour. However, if more surplus calves were to be farmed as steers or
heifers then the yellower fat from Jersey genetics may become an issue.

Historically there has been limited appetite within dairy farmers to use beef semen over their dairy cows,
instead preferring to use natural mating with cheap, low genetic merit beef bulls. However, there is now
evidence that with the increasing use of ‘wearables’, with associated automated heat detection, that
dairy farmers are more receptive to an extended Al period. However, choice of beef sire can impact on
returns for beef finishers. Beef + Lamb New Zealand has been running a Dairy Beef Progeny Test since
2015 which now demonstrates that the choice of beef sire has a significant effect on Gross Margin per ha
on beef finishing farms (Thomson and Hickson, 2022). Progeny sired by the top 15% of bulls in the Dairy
Beef Progeny Test would return an additional $200 per hectare (+12%) more than an industry average beef
sire. This advantage is largely attributed to LW gain advantage and therefore heavier CW.

Perhaps the biggest issue facing the NZ dairy-beef industry is the lack of a robust supply chain from
the dairy farmer to calf rearer, beef finisher, beef processor and the market/consumer. Possibly the only
commercial beef supply chain in New Zealand has been developed by Firstlight Foods (https://www.
firstlight.farm/nz) who contract farmers to breed and rear Wagyu cattle from conception to consumer.
The Firstlight program has control of the Wagyu genetics through the supply of bulls and semen to their
breeders and the farmers own the cattle through to market as either backgrounder or finisher. Dairy-
beef is an important part of the Firstlight program and has been more successful at meeting market
specification than Wagyu crossed with traditional beef breeds. It is the price premiums being achieved
for pasture fed marbled beef in overseas markets which have enabled a supply chain to be developed

Conclusions

New Zealand has increased dairy cow numbers by 70% in the last 30 years and, while an efficient milk
producer, the process of getting cows in milk has resulted in a surplus of dairy origin calves. Many of
these calves are currently processed at less than one-week of age and are considered low quality for beef
production. Another factor is that NZ has a finite and reducing amount of pastoral land upon which beef
cattle can be raised to create the ‘useful life’ that our customers are expected to demand.
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The dairy and red meat sectors are working proactively to increase the number of calves that are reared
for beef but will need to address the economics of dairy-beef, for beef and sheep farmers to consider
changing their livestock policies.

There are three main options to meet these challenges. Firstly, our dairy farmers could extend the lactation
length for dairy cows, without the administration of animal treatments, from one annual lactation to 1.5
to 2 years per cow which would reduce the number of surplus dairy-origin calves by 30-50%. Secondly,
there is an urgent need to improve the quality of dairy-beef calves by mating with proven beef sires,
such as those being performance-recorded in the NZ Dairy Beef Progeny Test, thereby increasing their
land use competitiveness. Thirdly, our beef marketers have the opportunity to seek a market for lighter-
weight beef from one-winter beef finishing systems compared to two-winter beef finishing systems
and this approach could account for 50% more cattle being finished on the same land area. However,
simultaneously, our beef processors will need to determine how they can process 200 kg CW one-winter
cattle as efficiently as two-winter 300 kg CW cattle.

Dairy-beef is already well established in NZ, mostly through Friesian bull beef finishing which has been
shown to be one of the most profitable drystock farming policies. We now have the opportunity to build
on the bull beef legacy through better ‘beef on dairy’ genetics which has the potential to be as profitable
as bull farming.

In conclusion, dairy-beef has the potential to be the most land-use competitive drystock farming option,
however there are a number of practical solutions that will need to be implemented, if we are to look to
a sustainable farming future.
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Introduction

Dairy calf to beef (dairy beef) is a sector that is likely to see significant changes in countries such as
Ireland over the coming years. In the past, surplus Irish dairy bull calves were exported to veal calf
rearing systems in countries such as Belgium and the Netherlands. However, it is likely that access to
these markets may change over the coming years, in particular due to changes in European law regarding
animal welfare. Surplus calves are ‘in the eye of the storm’ in the animal welfare debate and the upcoming
change towards a minimum age of 28 days before transport is allowed may cause substantial change in
the industry (EFSA, 2023). In general, these surplus calves are purchased in the pre-weaning period either
directly from the farm of origin or through marts. In contrast to the mainland EU system of white veal
calves, the Irish dairy beef system aims for early finishing age (20 months) with a predominantly grass
based diet. Although this system is different to the veal calf production system, the main difference is
just nutritional (Renaud and Pardon, 2022). The challenges related to transporting and mixing calves
from multiple sources at high stocking density are identical, and make both industries dependent on
(metaphylactic) antimicrobial use to maintain calves healthy and productive.

Respiratory tract infections (Bovine respiratory disease (BRD)) in calves/cattle are the leading cause of
morbidity and a frequent cause of mortality in every cattle production system, but especially in those
commingling animals from different sources. The pressure to reduce antimicrobial use stimulates a
shift away from group antimicrobial treatment towards individual treatment. In recent years, the use
of thoracic ultrasonography (TUS) in both research and applied on farm, became a real game changer.
In contrast to any detection system based on clinical signs, TUS directly visualizes pneumonia with
the highest diagnostic accuracy of all tests available on farm (Ollivett and Buczinski, 2016). Limiting
antimicrobial therapy to calves with pneumonia is the cornerstone of rational use of antimicrobials. In
this paper new insights and possible advances relevant to the dairy beef industry that originate from new
research using TUS will be shared.

Preparing calves for the dairy beef and veal industry

For decades, it has been recognised that there is substantial variation between calves in regard to disease
risk and production (Renaud and Pardon, 2022). Calves can be categorized into high and low-risk calves
for disease based on multiple factors, of which body weight, failure of transfer of passive immunity
status, presence of lung consolidation on TUS and vaccination have the largest impact (Renaud and
Pardon, 2022).

Body weight has a substantial link with disease and mortality, evident in the majority of studies (but
not all) (Renaud and Pardon, 2022). Based on available evidence a body weight of 50 kg was advised as a
threshold to determine suitability for movement in calves under three weeks of age (Renaud and Pardon,
2022). However, the diagnostic accuracy of this cut-off remains low, meaning that it cannot be used to
predict disease. Calves with a normal bodyweight, compared to lightweight calves, were better able to
cope with transport stress and did not mount an acute phase response, resulting in lower odds of chronic
pneumonia (Masmeijer et al., 2021). Feeding practices are often different for females and males with the
latter receiving less milk and more often raw or unsalable milk (Wilson et al., 2023). Body weight may be
underestimated in animals that are dehydrated upon arrival, which is mainly a risk in longer transports
(> 110 km) (Maggard et al., 2024; Ramos et al., 2023). The relationship between body weight and disease is
more consistently found compared to the relationship between age and disease. Both very young (more
prone to diarrhoea and sepsis (Goetz and Renaud, 2024)) and older calves (e.g. one month) may have
increased disease risk. Hence, it is currently unclear whether the new recommended minimum age (28
days) for transport will improve or aggravate the situation by increasing the number of calves arriving
with pneumonia (EFSA, 2023). Calves should arrive in a healthy state. In veal calves, aged 2-3 weeks,
around 17-19% already have lung consolidation upon arrival, which was linked with lower average daily
gain and higher odds to develop chronic pneumonia (Jourquin et al.,, 2023a; Jourquin et al., 2023b). The
majority of pneumonia present in calves is subclinical, typically there are three subclinical cases for
each clinical case (Jourquin et al., 2023b). These facts highlight the importance of using TUS to identify
calves with pneumonia in a timely manner. Upon arrival lung scanning not only aids in early detection
of pneumonia cases, but can also provide valuable feedback to the herds of origin and put pressure on
prices.
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Every farmer and agricultural consultant knows how important colostrum delivery is for early life health,
with effects lasting up to puberty. This is a fact both for females as it is for males. However, a Canadian
study showed that despite producers declaring equal feeding and care for male calves, the prevalence
of failure of passive transfer of immunity (FPT) was higher in males, likely due to later delivery of less
colostrum (Cheng et al., 2024). The proportion of male calves arriving with FPT is substantial ranging
between 16 and 40% (Maggard et al., 2024). Between two and seven days of age FPT can be diagnosed by
means of cheap tests such as total protein or brix measurement, but at the age of 2-3 weeks these tests
can no longer be used due to the increase of albumin and decrease of y-globulins (Pardon et al., 2015).
However, tests that directly determine y-globulins or immunoglobulin G can still be useful. An association
between y-globulin levels < 7.5 g/L and an increased risk for clinical BRD was repeatedly found (Pardon et
al., 2015). In contrast, more recent work could not confirm this relationship with neither clinical BRD nor
lung consolidation in a 442 head veal calf herd (Lowie et al., 2024).

Either through appropriate colostrum delivery, early life infection or vaccination calves can arrive at the
dairy beef or veal facilities with specific antibodies against respiratory pathogens. A seropositive status for
bovine coronavirus (BCV) and bovine respiratory syncytial virus (BRSV) was associated with a reduction
in the risk for clinical BRD in the first weeks after arrival by half (Pardon et al., 2015). These results were
recently confirmed for both viruses for the presence of lung consolidation, with calves seropositive for
BCV and BRSV having reduced odds of 0.37 and 0.58, respectively (Lowie et al., 2024). Vaccination on
the farm of origin is the most logical option, conferring onset of immunity before confrontation with
the pathogens. However, to-date the most practical option is to vaccinate upon arrival, a timing which
in theory would be inefficient. However, a recent study in veal calves evidenced that vaccination upon
arrival, intranasally or intramuscularly, followed by a booster one month later, reduced the odds of
chronic pneumonia as detected by TUS in week 10 of production by 41% and 62%, respectively (Jourquin
et al., 2023a). Vaccination is certainly a key preventive measure, for which more studies are needed to
identify the best schemes and vaccines for this purpose.

Dairy beef facilities, like veal calf farms, are with increasing herd size systematically confronted with
basically all pathogens, (Pardon et al., 2011). An annual BRSV epidemic typically occurs between November
and April, peaking around December. In contrast BCV occurs in epidemic waves year round (Pardon et
al., 2020). Regardless of the time of the year, Mycoplasmopsis bovis (previously Mycoplasma bovis) is the
most typical and systematic pathogen to be identified in any production system based on purchase and
commingling of calves. In the EU mainland, prevalence is almost 100% in the veal calf industry. Recent
estimates from McAloon et al. (2022) suggested that approximately 45% of dairy herds in Ireland are
positive for M. bovis, which would lead to the logical consequence of a very high M. bovis incidence in Irish
dairy beef farms. Because infection with M. bovis commonly occurs in the first weeks of life and because
it can cause chronic pneumonia leading to losses in productivity, prevention (as opposed to treatment)
of M. bovis is of paramount importance. Recently a vaccine for M. bovis became available in the EU, but
whether it can be practically applied and will be effective under the challenging conditions of the dairy
beef or veal industry remains to be seen.

Despite all this knowledge on factors to prepare calves for the dairy beef or veal industry, at least in the
veal calf industry, the communication between dairy farms of origin and veal farms remains difficult.
Programs aiming at selling low risk calves for a higher price have not been sustainable, or even not been
Initiated. Likely economic or just practical reasons given the complex trade structure are the explanation
for this. Nevertheless, preconditioning/better preparing calves, before transport is clearly the key-factor in
order to give the classic production system of commingling the calves another chance, before a complete
rethinking of the system is due, due to the pressure to reduce antimicrobial use and improve animal
welfare within the EU. Last but not least, there appears to be a direct effect of the auction market, or
in extension the calf sorting centre, on the health status and body condition upon arrival (Ramos et al.,
2023). Equally important as preparing the calves for a life in the fattening farms is their preparation for
transport and the conditions of that transport. Calves ‘“fit for transport’ are clinically healthy, have a good
body weight, no FPT, no lung consolidations on TUS and are vaccinated against respiratory pathogens.
Proper transport holds multiple factors related to animal welfare which are outside the scope of this
paper. The current mainstream thinking is that limiting the travel distance and the number of stops
is key for health and welfare. However, a recent randomised clinical trial comparing a 16 h long-haul
transport with a two times 8 h with an 8 h resting period in between could not evidence health or growth
differences (Goetz and Renaud, 2024). Calves with the resting period did spend more time lying after
arrival, potentially referring to more fatigue.

Disease detection and therapy

The incidence of respiratory disease is high in veal and dairy beef calves and because of the rapid spread
and large numbers of animals present metaphylactic antimicrobial therapy remains a cornerstone of
health management. However, pressure to reduce and rationalise antimicrobial use is high with a shift
away from group antimicrobial treatments to individual treatments desired. After all, a meta-analysis

Page 30



on the efficacy of metaphylaxis in feedlots concluded only marginal gains with potentially high costs
for public health (Baptiste and Kyvsgaard, 2017). Rational antimicrobial use would signify only treating
calves unlikely to self-cure from a bacterial pneumonia with antimicrobials.

For decades individual treatment was based on clinical signs and since 2012, at least for research, scoring
systems like the Wisconsin score have been used to standardise better. However, a recent study looking
in dairy, veal and beef calves (both pre- and post-weaning) at clinical signs associated with pneumonia
on TUS and evaluating existing clinical scoring systems showed very poor results for the scoring systems,
only performing as well as cough as a single sign (Lowie et al., 2022). The conclusion is that TUS is the
optimal tool for timely and accurate identification of animals with pneumonia. A study in veal calves
showed that as many as 80% of the calves develop pneumonia during production of which 70% presents
as subclinical (Jourquin et al.,, 2023b). A recent Irish study showed that calves with clinical BRD already
10 days earlier had subclinical pneumonia (Cuevas-Gomez et al.,, 2021). Calves with clinical signs have
higher odds for severe pneumonia (lung consolidations > 3 cm in depth) and lower cure (Jourquin et al.,
2022). Also from our own follow-up in dairy farms the lesson “early detection, shorter treatment, better
cure” was learned. Availability of TUS offers a completely different dimension to randomised clinical
trials evaluating therapies and vaccines, showing meaningful effects where effects on clinical BRD are
absent (Jourquin et al., 2023a). TUS offers other possibilities to individualise antimicrobial therapy. In
a trial in beef calves, the efficacy of florfenicol and oxytetracycline were compared in a TUS-guided
approach in which antimicrobial therapy was stopped as soon as cure (defined as full lung reaeration)
was reached (Jourquin et al., 2022). A reduction of antimicrobial use compared to a standard seven day
metaphylactic therapy of 64.5% and 50% was reached, respectively. Results of an unpublished study
testing this approach in a veal farm setting will be shown at the conference.

Barn climate

Few farmers and veterinarians need to be convinced how important barn climate is for respiratory
health, however, evidence on what factors are associated with pneumonia is actually scarce. Only a
handful of TUS studies are available. In the study of van Leenen et al. (2020) wind speed at a cut off > 0.8
m/s, measured at a single time point at the level of the animals, was associated with lung consolidation
(odds ratio (OR) = 6.8 (95% C.I. = 1.2 - 38.5)). This cut off is substantially higher than the frequently used
recommendation of 0.3 m/s. Also, ammonia was associated with lung consolidation, but not as a one-
time point measurement. A 24 h measurement was needed and the time above an ammonia level of 4
ppm (much lower than the olfactory limit and then reported in earlier studies) was associated with lung
consolidation (van Leenen et al.,, 2020). Surprisingly, not a colder but a higher average temperature was
associated with pneumonia in that study. In this work air bacterial count could not be associated with
lung consolidation, which is in contrast to the original study which used clinical BRD as outcome factor
(Lago et al., 2006; Buczinski et al., 2018). Also for CO, measurements and relative humidity no associations
with lung consolidations were evidenced.

Given the many publications on the impact of particulate matter (PM) (fine dust) on human health, it is
surprising to notice that the effects of PM on calf respiratory health are hardly explored. Van Leenen and
coworkers determined PM,, in calf barns and found them (PM;,: average of 70 ng/m? PM, o average of
16.3 pg/m?3) to be substantially lower than in pig and poultry housings (van Leenen et al., 2021). However,
exposure to PM,, (ultrafine dust) was associated with lung consolidation > 1 cm (OR = 3.3 (95% C.I. =
1.5 - 7.1)). In the same study airborne endotoxin was measured and also was positively associated with
lung consolidation (OR = 13.9 (95% C.I. = 3.4 - 58.8) at a cut off of 8.5 EU/ug). The PM,, was associated
with neutrophilia in broncho-alveolar lavage cytology, and PM,s with Pasteurella multocida infection of
the lower airways (van Leenen et al., 2021). Clearly, the handful of studies is not sufficient to establish
a good reference framework for healthy air, but it does give a direction. These results point to the fact
that measurements of ammonia, PM, temperature and wind speed are most valuable when evaluating
housing systems. In a recent study Mahendran and coworkers evaluated three dairy calf housing systems
(shed, polytunnel, hutches) in summer and winter (Mahendran et al., 2023). Exposure to heat stress was
much higher in polytunnels and hutches compared to sheds. Lowest temperatures were detected in
hutches, with no increase compared to the outside temperature. Both PM concentration and air bacterial
count were highest in sheds, and lowest in polytunnel housing (Mahendran et al.,, 2023). Design of an
optimal calf housing system, both for summer and winter conditions, remains a huge challenge.

Is TUS realistic on farm?

In the author's humble opinion that is absolutely the case. The devices are the same as those for
reproduction and scanning protocols with the focus on speed have been developed for use in larger
groups. However, motivation and perseverance are needed, especially in the current situation with many
bovine practitioners already overloaded with work. TUS can'’t be learned overnight. It requires training,
partin theory, but mainly through practical sessions. The quick-TUS method has been evaluated in novice
practitioners, showing reasonable diagnostic performance (sensitivity of 66% and specificity of 71%) after
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online and practical training (Jourquin et al., 2024). In order to really be able to make a difference, to
rationalize antimicrobial use, we absolutely need to ascertain that an operator can reliably apply TUS.
Regular certification of one’s TUS skills would be desirable, especially if TUS monitoring would be related
tolabels for animal welfare or sustainable production or be used as reference test for sensor development
(which is recommended).

Conclusion

TUS provided multiple insights into BRD, starting with the awareness of the ‘iceberg under the water’
that subclinical pneumonia is, over the effects of barn climate, vaccines and antimicrobial treatment
on pneumonia to the development of sensor technology. TUS findings have emerged as a cornerstone of
BRD research but they should also be considered as a key strategic innovation for on farm use by cattle
veterinary practices.
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Gastrointestinal nematodes

Gastrointestinal nematodes (gut worms) are the most common and important parasites of cattle. Very
few, if any, pastures will not be contaminated with parasite larvae all year round so grazing calves will
always be exposed to them. The life cycle of these worms is quite simple, with a parasitic (in the host)
phase and a free-living (on pasture) phase. Adult worms living in the gut produce eggs, which pass out of
the animal in faeces. Some of these hatch and the first two larval stages feed on bacteria in the faeces.
The eggs, first (L1) and second (L2) larval stages are quite susceptible to adverse weather conditions
(excessive heat or cold, or desiccation) and predation, and most do not survive. The third larval stage
(L3), however, retains the outer skin from the second stage which means it cannot feed, but makes these
larvae very tough and they can survive long periods of adverse conditions. The L3 migrate onto herbage
from where they can be ingested by grazing livestock. If the host is suitable, the infective larvae exsheath
and undergo further moults to reach the adult stage and the life cycle is complete.

Third stage larvae can survive long periods (many months in temperate climates) on pasture, and they
can survive even longer in faeces and in soil which, in many parts of the world, serve as reservoirs
of infection. Even if adverse conditions (e.g. a long hot dry spell of weather) makes pastures relatively
clean of worm larvae, those present in faeces and soil can still migrate back onto pasture when the
weather breaks. A common occurrence on New Zealand farms is an outbreak of ‘worms’ soon after it
rains following a long dry spell over summer, when the rains allow larvae to migrate out of faeces and
soil onto herbage. This persistence of larvae on pasture makes worm management more difficult because
although anthelmintic (wormer) treatment may remove all the worms in the animals they are soon
reinfected from the population of larvae on pasture.

Minimising this reinfection of animals with larvae on pasture is a key focus of managing parasites
to achieve high growth rates with minimal use of wormers

There are numerous parasite species infecting cattle but the two most economically important species of
gut worms in Ireland and many other countries are Cooperia oncophora, which lives in the small intestine,
and Ostertagia ostertagi, which lives in the abomasum. These parasites differ in their biology in ways that
can be quite important.

Cooperia species (there are several) are usually the most numerous worms in cattle under 1 year of age.
Although Cooperia is generally regarded as the least pathogenic (damaging) of the cattle worms, if numbers
build up, they can be very damaging, causing severe scour, lack of growth and even deaths. This worm
has increased in importance globally, due to its propensity to become resistant to anthelmintic drugs
(Sutherland and Leathwick, 2011). In New Zealand today, simultaneous resistance to benzimidazole,
levamisole and macrocyclic lactone (ML) wormers is known to occur in Cooperia on some farms and is
likely increasing. All the farms where this has occurred have, so far, been monocultures of cattle with
large numbers of calves grazing together i.e. certain farming systems are more likely to result in worm
resistance to anthelmintics. The issue of anthelmintic resistance on Irish cattle farms has received
less attention than in New Zealand but ivermectin resistant Cooperia are now common on both dairy
and dairy beef farms while Cooperia resistant to benzimidazole and levamisole have also been identified
(O’Shaughnessy et al., 2019; Kelleher et al., 2020).

In Cooperia, this widespread development of resistance can be linked to the worm'’s biology and the
common ways in which calves are raised on farms. When young cattle ingest infective Cooperia larvae
with pasture, the larvae develop to adult worms which then act to block the establishment of new larvae
(Sauermann et al., 2018). If the animals are treated, worms susceptible to the drug are removed but
resistant worms remain. Because most worms have been removed, a new crop of larvae is then able
to establish (from pasture), some of which will be resistant. If this occurs repeatedly over a season the
number of resistant worms in the calves increases and they continue passing resistant eggs onto the
pastures. Thus, under regular treatment the pastures become progressively contaminated with resistant,
but fewer susceptible, worm larvae over the summer-autumn. Whether animals are housed or not over
winter no more eggs develop due to cold temperatures and by the following spring the animals are
becoming increasingly immune to Cooperia infection and so even if they are infected, they pass few eggs
onto pasture to develop. So, each new crop of young (weaner) calves is exposed to larvae on pasture
which are largely derived from the calves repeatedly drenched over the previous summer-autumn. Many
of these larvae are derived from adult worms which survived one or more drug treatments.

Page 34



In contrast, Ostertagia has quite a different biology. For this worm, the presence of adult worms does not
prevent new larvae from establishing, in fact ingestion of new larvae tends to cause adult worms to be
pushed out of the animal, to be replaced by a new generation of adults. Hence adult worms surviving a
wormer treatment tend to not live so long as they are continuously replaced. Further, cattle don’t develop
strong immunity to Ostertagia until the end of the second grazing season. Therefore, each spring older
cattle (now yearlings) continue to pass eggs onto pasture, and as these animals get few anthelmintic
treatments these eggs are likely to have a larger proportion which are susceptible to drugs (these worms
would be ‘in refugia’).

These differences in worm biology and in farming systems where most anthelmintic treatments are given
to calves, are the likely reason for resistance being very common in Cooperia oncophora but less common
in Ostertagia ostertagi. It follows, then, that integrated grazing of young cattle with either older cattle or
sheep, which reduces the number of Cooperia larvae on pasture and necessitates fewer treatments with
wormers, should slow the development of resistance in this parasite.

The prevalence of anthelmintic resistance on beef farms in Ireland and New Zealand is similar, probably
reflecting the way young cattle are farmed in both countries (Table 1).

Table 1. Prevalence of anthelmintic resistance in gastrointestinal nematodes on beef farms

Benzimidazole Levamisole Macrocyclic Lactone
Ireland 60%'S 18%' 100%'8
New Zealand 76%'S 6%'S >92%'S

“Resistant Cooperia detected; §Resistant Ostertagia detected

Another factor which is likely to be contributing to the development of resistance in cattle parasites is
how anthelmintics are administered. Around the world, products are registered as oral, injectable and
topical (pour-on) formulations, and all will be registered on the basis that they kill worms susceptible to
the active(s) they contain. But that does not mean all products are the same. It has become apparent
that the concentrations of active drug components reaching the tissues of parasite location and found
within the parasites themselves can vary significantly depending on how they were administered (Bogan
and McKellar, 1988; Gokbulut et al., 2010; Lloberas et al., 2012; Lifschitz et al., 2017). How effective drugs
are against resistant worm genotypes can have major influences on the rate at which resistance builds
up within a worm population (Georghiou and Taylor, 1977; Barnes et al., 1995; Smith et al., 1999; Leathwick
and Luo, 2017). On-farm trials in New Zealand found that against Cooperia oncophora, orally administered
ML products had higher efficacy than pour-ons or injections (Leathwick and Miller, 2013; Leathwick et al.,
2016), a consequence of oral administration resulting in higher concentrations of actives reaching the
worms in the gut (Lloberas et al., 2012; Leathwick et al., 2020). However, this is not the case for all worm
species. Injectable ML products get higher concentrations of drug to the gut mucosa, which is where
Ostertagia species tend to live, and so injectables are associated with higher concentrations of active
reaching these worms (Leathwick et al., 2020). Both are superior to pour-ons; this route of administration
is associated with greater variation in drug uptake, primarily due to ingestion of the drug by licking (either
self or other animals) but also due to variation in absorption (hide thickness, hair length and dirt) and
weather conditions (Laffont et al., 2001). Efficacy of pour-ons is often lower in winter when temperatures
are lower (Sargent et al., 2009). Based on these results, in New Zealand today it is recommended that
in calves (where Cooperia is the primary target) anthelmintics should be orals, but in older cattle
where Ostertagia is the target worm species, treatments should be by injection. Use of pour-ons is not
recommended.

When selecting an anthelmintic product, the persistency of the product should also be considered. Worms
that survive drug treatment continue to shed eggs onto the pasture contaminating it with resistant
genotypes until susceptible worms are ingested, mature and start to reproduce. Persistent products
prevent the establishment of susceptible but not resistant worms thus increasing the period during
which only eggs from resistant worms are shed (Dobson et al., 1996). Therefore, such products have the
potential to select for anthelmintic resistance if used inappropriately.

Detecting resistance is an important practice for farmers because using anthelmintics which are not
working properly costs money through slower growth rates and allows the continued build-up of resistant
worms on the farm. This is particularly important when resistance is common, as is the case in Ireland
(Kelleher et al., 2020). In a productivity study in New Zealand, using an ML pour-on (eprinomectin) which
didn’t effectively control Cooperia (mean efficacy = 51%) resulted in reductions in liveweight at 18 months
of age between 0 and 13 kg (Candy et al., 2018). These numbers are less than measured in other studies
(Coop et al., 1979; Armour et al.,, 1987) probably reflecting the high levels of feeding in the study and
emphasising the importance of nutrition in managing parasitism. It is note-worthy that all the recent
cases of resistance diagnosed on New Zealand cattle farms were discovered because of overt clinical
disease indicating that, if conditions allow, Cooperia can build up enough to cause serious problems.
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Detecting resistance usually involves collecting faecal samples before and after anthelmintic treatment
and calculating the percentage reduction in egg count as an estimate of effectiveness (Faecal Egg Count
Reduction Test (FECRT)). However, these tests are often carried out in different ways, and some are far
less informative than others. Current recommendations are that individual samples from the same
10 or more animals should be counted for FEC both before and after treatment (Kaplan et al., 2023).
This enables the calculation of confidence intervals around the efficacy estimate which are helpful in
interpreting situations where resistance is not obvious e.g., when efficacy estimates are around 90-96%.
Unfortunately, just counting the number of eggs present, even individual sample counts, can still miss
detecting resistance. Larval cultures to measure the worm species present adds greatly to the usefulness
of the test. For example, one on-farm FECRT recorded egg counts pre- and post- treatment with ivermectin
of 185 and 5 eggs per gram (Waghorn et al., 2016) which equates to a 97% reduction (i.e. susceptibility).
But when the egg counts were apportioned based on the percentage of worm species in pre- and post-
treatment faecal cultures the efficacy against Ostertagia was only 88% (i.e. resistance). Hence, resistance
in the most important parasite of cattle would have been missed without the use of faecal cultures in the
test. Even worse, this would likely have resulted in the farmer continuing to use an ineffective treatment,
all the time believing that it still worked, and resulting in the continued escalation of resistance on his
farm. Farmers are often reluctant to pay for what they see as expensive testing, but the longer-term cost
of not detecting resistance early, far outweighs the investment in testing.

The same argument can be applied to using FEC to make decisions on whether to treat animals or not.
Counting the number of eggs passed in faeces is easy but interpreting what the number means can be
one of life’s great mysteries. Obviously, if egg counts are very high or low, then making decisions about
whether to treat or not can be straightforward. However, counts are often in the ‘zone of uncertainty’
where it is not clear whether a diagnosis of ‘treat’ is justified. A definitive threshold for treatment is
seldom accurate because of the different species contributing to the egg count. Some species produce
many eggs but are not very pathogenic (e.g. Cooperia) whilst others produce few eggs but cause substantial
harm if numbers get high (e.g. Ostertagia) so relating worm impacts back to number of eggs counted will
never be exact. Waiting weeks for a faecal culture and larval identification is often unacceptable to
farmers (rightly so) so one approach used in New Zealand is to make a decision to treat or not based on
visual signs (stockmanship) but to collect samples for FEC and culture, and then retrospectively evaluate
the decision i.e. ‘did I do the right thing?’. In this way farmers learn whether they are making good
decisions on their farm without taking any risk from not treating. It is surprising how often farmers that
do this regularly discover that what they ‘see’ as worms is, in fact, other problems such as trace element
deficiency or pneumonia. Monitoring leads to knowledge which leads to better decisions.

As noted above, managing the cycle of reinfection from pasture is key to minimising parasite infection,
maximising production and reducing anthelmintic inputs. Paddocks which have been cultivated for new
grass or cut for hay or silage tend to have lower numbers of infective parasite larvae by virtue of not
having been grazed for longer periods. Alternatively, grazing pastures with different age classes or species
of livestock allows for the ingestion of parasite larvae by hosts which are unsuitable for their development.
Thus, sheep can be used to ‘clean’ pastures of cattle worms and vice versa. Also, older cattle can be used
to reduce Cooperia numbers on pastures because their more developed immunity will prevent larvae from
establishing. Numerous combinations of integrated grazing are possible, but these tend to be specific
to individual farms and so generalisations are difficult. What is clear is that running monocultures of a
single species and stock class is the most difficult, most likely to require high anthelmintic inputs and
most likely to result in the emergence of resistance.

Lungworm

Lungworm is another roundworm but is somewhat different to the usual gut worms. The parasite is
widespread, and infections can be sudden and severe. As with other parasitic nematodes, infection
is acquired by the ingestion of infective larvae from pasture, but with lungworm the epidemiology is
complex, and outbreaks are often more unpredictable and more strongly linked to weather and the
availability of moisture.

The lifecycle begins with adult worms in the lungs which produce eggs. These are coughed up and
swallowed to then pass down the gastrointestinal tract. During passage the eggs hatch and L1 larvae
are passed in the faeces, rather than eggs. This is important because the normal egg counting method
used to test for gut nematodes does not find lungworm larvae - you need a separate test to look for
lungworm. The larvae in freshly voided faeces tend to be sluggish and do not need to feed. The L3 stage
can be reached within five to seven days but often takes longer at lower temperatures. The L3 can migrate
from the faeces onto the herbage by themselves or by airborne spread utilising the fungus Pilobolus. If
larvae are eaten, they penetrate the intestinal mucosa, and travel to the lungs where they moult to
mature into adults between three and four weeks after infection.

In New Zealand, outbreaks of lungworm disease are relatively rare and difficult to predict. Most outbreaks
occur in very young animals which have no previous experience of lungworm challenge. After that,
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symptoms are often (nearly always) associated with some other factor such as underfeeding (e.g., drought),
infections such as Johne’s disease or bovine viral diarrhoea, or mineral / trace element deficiencies. It is
speculated that these ‘other factors’ affect the animal’s immunity enabling the lungworm to flourish. In
Ireland, lungworm outbreaks are more common but, as in New Zealand, calves are most at risk as they
have not yet developed any immunity. Some recent work in deer (Chambers et al., 2023) showed that
lungworms are often present in a high proportion of healthy animals but at such low levels that they are
unseen. Although this was done in deer rather than cattle, it supports the idea that healthy animals with
good immunity are able to suppress lungworm to very low levels. It follows then that maintaining stock
in otherwise good health with adequate nutrition is a foundation for managing lungworm.

Fortunately, lungworm are easy to control with anthelmintics, especially with MLs. Most ML anthelmintics
will also have a degree of persistent activity against lungworm which may vary from 3-17 weeks (Campbell
etal., 2024) depending on the product. Fortunately, resistance in lungworm is rare, but it has been reported
(Campbell et al., 2024) so excessive reliance on anthelmintics is probably unwise.

As mentioned above, monitoring for lungworm requires a test different to that used for gut worms,
although both tests can usually be run on the same sample. The test is labour intensive and as it is
recommended that individual samples from a number of animals are taken (Sabatini et al., 2023),
monitoring for lungworm is potentially expensive. Also, although the test is quite sensitive in cattle,
because the larvae are fragile (compared to gut nematodes), the samples must be transported and stored
with care to prevent false negative results (Rode & Jorgensen, 1989). Persistent cough is the most common
clinical sign of lungworm infection. Given the caveats associated with the diagnostic test, calves coughing
while at grass are commonly treated for lungworm.

Liver fluke

Liver fluke, which is a flat worm, has quite a different lifecycle to the nematodes discussed above in that
it requires an intermediate host — one of several species of snail. Because the fluke life cycle is dependent
on presence of the snail, management practices can be useful in reducing risk. Fencing off wetter areas
(springs, marshy areas, water courses) to keep stock away from snail habitat, especially those areas
where animals graze when feed is short or restricting access to these areas during high risk periods
(autumn) will reduce risk. Keep water troughs clean and free from snails and their habitat e.g., rank
grass. If you don’t have fluke on the farm, try to avoid introducing infected animals onto your property
e.g., a quarantine treatment with an effective flukicide and keep them in a quarantine paddock for a day
or two.

You can monitor fluke infections using either faecal samples to check for fluke eggs, a blood test for
antibodies, or reports on liver damage from animals sent for slaughter. However, the period between initial
infection and egg appearance (pre-patent period) is 10-12 weeks and faecal samples will test negative
during this period. In addition, egg counts for fluke in cattle don't correlate well with infection levels as
egg production by adult worms can be erratic. Normally samples from several animals (10-20) where
you record the number of animals with a positive count can be helpful i.e,, if 20% of animals are positive
then a treatment might be worthwhile. Many farmers rely on reports of liver damage from animals sent
to slaughter to decide on an annual strategic treatment. The winter housing period generally represents
an opportunity to clear any liver fluke infection and prevent egg shedding the following spring. Different
flukicides have efficacy against different stages of fluke and it is important to ensure the product used
targets the correct stages of fluke. Resistance in flukes is known in cattle, and more so in sheep with
triclabendazole resistant liver fluke identified in Ireland (Mooney et al., 2009) so care and sound advice
around flukicide use is warranted.
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Introduction

In recent years, a novel digestive disorder affecting weaned dairy calves has been documented in Ireland
(RVL, 2021a; Mee, 2022; Sheehan et al., 2023; Male Here et al., 2024). Private veterinary practitioners (PVPs)
reported that this disorder had increased in prevalence, more than any other single calf health issue (Mee,
2022). A similar digestive disorder in calves has been reported in England, Wales and Scotland (Hateley
et al., 2018; Swinson et al., 2023), New Zealand (O’Connell, 2017), and Australia (Hunnam et al., 2021). The
condition is termed summer scour syndrome (SSS) in Ireland and the UK, in Australia it is termed upper
alimentary ulcerative syndrome (UAUS), and in New Zealand, calf ulcerative stomatitis (CUS). Calves
affected with SSS are usually younger than 12 months of age. Where mixed age groups of calves are first
turned out to pasture it tends to be the youngest calves which are affected (D. Murphy, pers. com.). The
most noteworthy clinical signs include diarrhoea and abrupt weight loss following recent turnout to
pasture during their first grazing season. In addition, other clinical signs such as oral and oesophageal
ulcerations or even death have been found in some cases (Hunnam et al., 2021; RVL, 2021a; Swinson et
al., 2023). In most SSS cases, affected calves are unresponsive to treatment but can recover slowly once
removed from pasture i.e. re-housed, although recovered calves have been anecdotally described to have
compromised growth performance (Swinson et al., 2023). The syndrome is a group problem though not
all calves in the affected group show clinical signs and severity can vary between calves (Male Here et
al., 2024). In Australian dairy herds, anecdotal reports indicate a herd-level morbidity and case fatality
rate of 60% and 10%, respectively (Hunnam et al., 2021). A UK surveillance report by Swinson et al. (2023)
showed that the syndrome has a low herd prevalence, but the within-herd morbidity and mortality rates
could range from 10 to 100% and 2 to 40%, respectively. Studies to date have not identified a consistent
infectious agent responsible for this syndrome (Hunnam et al., 2021; Swinson et al., 2023), and the definitive
cause/s remain unclear. Consequently, SSS is a diagnosis of exclusion (Sheehan et al., 2023), where other
diseases with similar clinical signs must be ruled out before confirmation of SSS cases (Swinson et al.,
2023; Male Here et al., 2024). These diseases include parasitic gastroenteritis (PGE), coccidiosis, ruminal
acidosis, mineral deficiencies or toxicities (copper and molybdenum), bovine viral diarrhoea (BVD), and
salmonellosis. Additionally, ruling out chronic pneumonia should also be considered (Male Here et al,,
2024), as it can be a comorbidity and cause ill-thrift in calves that could be misdiagnosed as ill-thrift
associated with SSS. Histopathological examination, particularly the identification of necrosis (cell death)
in the oesophageal mucosa and the exclusion of BVD, is required to define UAUS in Australia (Hunnam et
al., 2021). Presently, there is limited research either nationally or internationally into the case definition,
risk factors, pathology, and causes or control measures.

Gross pathology and histopathology

The gross pathological findings in SSS cases are primarily seen in the upper alimentary tract, with
lesions of the lower alimentary tract variably present in some cases (Hunnam et al., 2021; Swinson et
al., 2023). Recent reports from Regional Veterinary Laboratories in Ireland found muzzle and buccal
ulcerations and oesophagitis (inflammation of the oesophagus; Figure 1) in calves affected with SSS
(RVL, 2021b; 2022; 2023). In a UK study, oesophagitis was identified in all twenty submissions of SSS
cases (Swinson et al., 2023). Similarly, the presence of oesophagitis with varying degrees of ulceration
and diptheritic membrane formation was described in UAUS cases in Australia (Hunnam et al., 2021).
Other upper alimentary lesions, including gum ulceration and superficial coalescing ulceration of the
under surface of the tongue, were also present. In the histopathological examination of SSS, Sheehan et
al. (2023) identified apoptosis/dyskeratosis (cell death/abnormal keratinocyte differentiation) in buccal
and oesophageal mucosa (Figure 2). Consistent with this, Hunnam et al. (2021) found multifocal and
coalescing necrosis of epithelial mucosa that were consistently present in the oesophagus. In addition,
in some cases dilated crypts filled with mucus, cell debris and inflammatory cells were identified in the
intestines, mostly limited to lower jejunum and ileum tissue. Hunnam et al. (2021) further described that
histopathological lesions of UAUS cases cannot be distinguished from those resulting from BVD virus
infection (mucosal disease), and thus, BVD must be ruled out before confirmation of UAUS cases. In the
Irish context, BVD testing is compulsory for all newborn calves as part of the national BVD eradication
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program, and the prevalence is very low in Irish calves, with only 0.03% tested positive in 2023 (AHI,
2024). Despite this low prevalence, BVD remains an important differential diagnosis to be ruled out in
the investigation/diagnosis of SSS cases in Ireland, due to the possibility for sporadic re-emergence and
transient BVD virus infection.

Figure 1. Severe oesophagitis in a calf diagnosed as SSS*

Figure 2. Apoptosis/dyskeratosis of oesophageal tissue in a calf diagnosed as SSS*

Images source: Regional Veterinary Laboratories, Department of Agriculture, Food and the Marine (DAFM)

Risk factors and aetiological hypotheses

Nutritional and infectious causes have been investigated as potential aetiologies of SSS, both nationally
and internationally. A recent survey of Irish PVPs indicated that they perceived grass quality and weaning
management as the two most important risk factors (Mee, 2022). Grazing an abundant supply of lush
grass that is high in crude protein and low in fibre is the common finding in herds affected by SSS
(RVL, 2021b; 2024). However, any association between grazing lush grass and the development of SSS
clinical signs is poorly understood, as there is a paucity of studies investigating this apparent association.
Possible mechanisms whereby grazing lush grass may cause SSS include the development of sub-acute
ruminal acidosis (SARA). Unlike acute ruminal acidosis which is characterized by severe ruminal pH
depression and acute clinical manifestation, SARA is characterized by transient depression in ruminal
pH, mainly after feeding, and delayed onset of clinical signs (Abdela, 2016). Grazing highly fermentable
grass has been associated with an increased risk of SARA in dairy cows in pasture-based dairy systems,
such as in Ireland (O’Grady et al., 2008), Australia (Bramley et al., 2008), and New Zealand (Westwood
et al., 2003). Ingestion of rapidly fermentable grass may increase acid production and its accumulation
in the rumen, subsequently lowering the ruminal pH (Westwood et al., 2003). This low rumen pH may
result in impaired rumen functions (e.g. fermentation and bacterial breakdown), leading to diarrhoea
(Oetzel, 2000; Kleen et al., 2003). Another potential mechanism could be the association between grazing
lush grass and inadequate rumen development. Lush grass typically contains high nitrogen content e.g.
non-protein nitrogen (NPN). When ingested, NPN is converted into ammonia in the rumen (Zurak et
al., 2023). Rumen microbes utilize ammonia to produce microbial protein; however, the utilization rate
is typically lower than the rate of ammonia production from nitrogen metabolism, resulting in excess
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ammonia in the rumen (Patra and Aschenbach, 2018). The excess ammonia is mainly absorbed into the
bloodstream through the rumen wall (Zurak et al., 2023). However, in calves with underdeveloped rumens,
this absorption capacity may be impaired, potentially resulting in the accumulation of ammonia in the
rumen. An in vitro study by Shen et al. (2023) reported that high ammonia levels reduce the abundance of
rumen microbial populations (e.g. bacteria, protozoa, fungi, and methanogens) and subsequently inhibit
ruminal fermentation. Currently, it is unknown whether grazing lush grass is an independent factor or,
in conjunction with inadequate rumen development, contributes to SSS occurrence.

One alternative or contributing theory for the cause of SSS is suboptimal weaning management, which
includes early weaning and a quick switch from a milk to a solid or forage diet. Existing evidence, however,
contradicts this. In Scotland, it is reported that SSS generally occurs in abruptly weaned calves that had
been turned out immediately to grass (Swinson et al., 2023). In contrast, a recent study in Ireland reported
SSS cases in dairy calves that had been gradually weaned (fully weaned at 10 to 12 weeks of age) and
retained indoors for 2-3 weeks before turnout to grass (Male Here et al., 2024). Future research is required
to investigate the impact of suboptimal weaning management on SSS occurrence.

Viral infection has also been suggested as a primary cause for SSS. However, analysis of oral and
oesophageal tissues from affected calves in Australia detected no common viruses (e.g. bovine herpes
virus (BoHV-1), BVD) responsible for this syndrome (Hunnam et al., 2021). In that study, only bovine
popular stomatitis virus (BPSV) was detected in both affected and non-affected herds. Similarly, samples
from the 20 submissions of SSS cases in the UK study (Swinson et al., 2023) also tested negative for
a range of viral infections, such as BVD, ovine herpesvirus, BoHV-1, bovine respiratory syncytial virus
(RSV), and parainfluenza 3 virus. The presence of BPSV was detected in four submissions in that study.
Infection with BPSV typically causes muzzle or oral lesions (Holliman, 2005). Although lesions caused by
BPSV can have some similarity to lesions in calves with SSS, oral ulceration was not present in all calves
with SSS, which may also suggest that BPSV is not the primary cause but rather a secondary/co-infection
(Swinson et al., 2023). In 2021, the detection of BPSV was also mentioned in a case reported by Kilkenny
Regional Veterinary Laboratory in Ireland (RVL, 2021a). This report documented the findings in a five-
month-old calf with a history of weight loss, which presented with multifocal ulcerations in the tongue
and oesophagus. Although BPSV infection was identified, it was considered a co-infection for SSS. The
observed lesions were considered attributed to SSS as the primary cause, as clinical presentation was
consistent with SSS cases (RVL, 2021a).

Recent on-farm clinical investigation in Ireland

Arecent farm clinical investigation study was conducted in June 2023 to describe the characteristics of SSS
in dairy-bred calves on commercial farms in Ireland (Male Here et al., 2024). In this study, five commercial
farms with suspected SSS cases were visited 2 to 5 days following referrals from the PVPs. On the day of
the farm visit, an interview with the herdowner was conducted to record the onset of clinical signs in the
affected group, treatments, farm health history, and farm management practices such as turnout date,
chemical or organic fertiliser use, vaccination status, milk feeding, and weaning management. Clinical
examinations and thoracic ultrasonography (TUS) were performed on 8 to 10 randomly selected calves
per farm that exhibited clinical signs. Additionally, biological samples, such as blood, rumen fluid, and
faeces, were collected from each calf. Concentrates and herbage samples from the paddock where the
calves had previously and were currently grazing on the day of visits were also collected.

Of the five visited farms, only three had problems consistent with SSS cases (case farms, CF; n = 3; e.g.
Figure 3), whereas the other farms had calves positive for coccidiosis, and the majority of calves on those
farms had chronic pneumonia problems based on TUS examination (non-case farms, NCF; n = 2). All
case farms were dairy farms, whereas non-case farms comprised of a dairy-beef, and a mixed dairy and
dairy-beef farm. Other differential diagnoses, such as BVD, rumen acidosis, and mineral deficiencies or
toxicities, were ruled out as all farms had BVD-negative status, and sampled calves had normal rumen pH
and normal blood copper and molybdenum levels. Farmers on the case farms reported to have observed
calves experiencing clinical signs for two days to 2.5 weeks before the farm visit, and the onset of clinical
signs varied from 2 to 6 weeks post-turnout to pasture (turned out in mid-April to mid-May). They also
reported applying chemical nitrogen fertiliser, in the form of protected urea or nitrogen, phosphorus,
potassium (NPK), 1 to 3 weeks before the calves grazed the paddocks. In addition, the farmers indicated
a history of SSS-type problems in the previous years. On all farms, concentrates and forage feeding were
provided to the calves during the pre-weaning period, and milk feeding was reduced gradually prior to
fully weaning at 10 to 12 weeks of age. The predominant clinical signs in calves sampled on case farms
included diarrhoea, weight loss, hypersalivation, and poor coat appearance, whereas lesions of healing
oral ulcers were observed in five sampled calves.
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A

Figure 3. Calves with SSS that were removed from grass and re-housed

Results from the blood, rumen fluid, and herbage analyses are presented in Table 1. One interesting
finding from the clinical investigation was hyperammonemia in calves with SSS, as measured using the
point-of-care ammonia analyser (PocketChem BA, Arkray, Japan). The blood ammonia concentrations
exceeded the normal level (< 90 pmol/L; Buczinski et al.,, 2007) and were substantially higher than
concentrations in calves sampled on non-case farms. Interestingly, in the UK study (Swinson et al., 2023),
the authors suggested that histopathological lesions in SSS calves are consistent with chemical insults
or elevated blood urea/ammonia levels. However, further research needs to substantiate this suggestion.
The herbage crude protein and neutral detergent fibre from case farms were less than 20% and higher
than 40%, respectively, which is not consistent with the perceived lush grass factor that is typically
reported in SSS cases. This inconsistency may be explained by the time gap between the onset of clinical

signs and the farm visit for collection of herbage samples.

Table 1. Calf characteristics, and results of blood, rumen fluid, and grass analysis from case farms (CF)

and non-case farms (NCF)!

L NCH Reference
CF1 CF 2 CF 3 NCF 1 NCF 2
Calf characteristics
Calf sex (number) Female Female Female |Female(3); Male B
(10) (10) (10) male (5) (8)

Age (day) at turnout 67 (6) 100 (4) 100 (4) 51 (13) 85 (11) -
Age (day) at visit 127 (6) 135 (4) 129 (4) 113 (13) 128 (11) —
Body weight (kg) at visit 116 (12.4) | 123 (11.7) | 129 (10.2) | 112 (10.8) | 103 (21.4) -
Blood sample
Ammonia (umol/L) 152 (49)? 129 (35) 223 (42) 25 (11) 22 (18) < 90¢
Blood urea nitrogen (mmol/L) 6.8 (4.6) 6.6 (4.4) 3.7 (1.9) 3.2 (1.3) 3.5(1.0) | 1.7-7.74
Ammonia : blood urea nitrogen 20:12 20:1 60:1 8:1 6:1 9:1¢
Molybdenum (ug/L) 6.5 (3.5) 6.6 (2.4) 7.5(2.6) | 13.3(5.1) | 12.4(8.6) 2 —35f
Copper (umol/L) 14.4 (1.7) | 14.8 (1.3) | 15.4 (1.4) | 15.7 (4.0) | 144 (1.4) [ 9.4-17.3f
Rumen fluid sample
pH 7.09 (0.23) | 6.75 (0.40) | 6.67 (0.40) | 6.88 (0.40) | 6.43 (0.31) >5.88
Ammonia (mg/L) 30 (16) 21 (19) 18 (16) 45 (16) 17 (9) 20 — 50"
Total volatile fatty acids (mM) 154 (37) 243 (83) 286 (67) 273 (49) 251 (93) -
Herbage sample®
Dry matter (DM) (g/kg) 268 272 245 258 179 -
Crude protein (g/kg DM) 106 177 125 151 186 -
Neutral detergent fibre (g/kg 471 433 454 477 370 B

DM)

Presented as mean (standard deviation), except for calf sex; ¢ Five calves with complete blood ammonia results; ? Samples from
paddock where calves were grazing on the day of visit; © Buczinski et al. (2007); ¢ Roadknight et al. (2022); ¢ West (1997); fHerdt
and Hoff (2011); 9 O’Grady et al. (2008); " Satter and Slyter (1974)
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Current control strategies

Given the unclear aetiology/ies of SSS, the current control strategies primarily aim to minimise the
exposure to perceived risk factors associated with the occurrence of this syndrome. Several control
strategies have been recommended to prevent SSS on farms in Ireland (McAloon et al., 2022); however, it
is important to note that these recommendations are largely based on field observations and experiences
of PVPs and expert opinion, and not yet experimentally confirmed or refuted.

One proposed strategy to prevent SSS is to implement proper weaning management. Weaning stress
has a negative effect on the immune system, making calves more susceptible to diseases, potentially
including SSS. To minimise weaning stress, a gradual weaning procedure is recommended for artificially
reared dairy calves (Johnston et al., 2016; Nielsen et al., 2023). Gradual weaning typically involves a gradual
reduction of milk feeding, which could be initiated at 14 days prior to weaning (Johnston et al., 2016),
allowing a smooth transition from a liquid to a concentrate and forage diet. Calves that were gradually
weaned also had a stable rumen pH compared to abruptly weaned calves, independent of weaning age
(Wolfe et al., 2023).

Weaning calves at later age is reported to have positive effects on growth and rumen development
compared with early weaning, and is therefore recommended (Welk et al., 2024). However, the definition
of ‘late’ and ‘early’ weaning age varied between studies (reviewed by Welk et al., 2024), making it difficult
to determine the favourable age for weaning. Dairy calves are commonly weaned between 8 and 12 weeks
of age (Nielsen et al., 2023). A study by Eckert et al. (2015) found calves that were weaned at eight weeks
of age had higher solid feed intake, 3-times higher average daily gain, and better coped with transition
from milk to solid feed, compared to calves weaned at 6 weeks of age. Schwarzkopf et al. (2022) reported a
more developed rumen function in calves weaned at 17 weeks of age compared to those weaned at seven
weeks of age, while Kehoe et al. (2007) found no difference in rumen papillae length, width or rumen wall
thickness between calves weaned at different ages (i.e,, 3, 4, 5, 6 weeks). In terms of microbial diversity,
weaning at 8 weeks of age results in a gradual shift in the diversity of rumen and faecal microbiota (vs. an
abrupt shift in calves weaned at 6 weeks of age), which potentially supports the weaning process (Meale
etal., 2017).

Retaining calves indoors for at least one week after weaning could serve as a strategy in preventing SSS,
as this allows the calves to fully adapt to high-carbohydrate diet prior to grazing. A system of free access
to both pasture and milk in the calf housing would also facilitate the transition to grazing.

Grazing lush grass is the common factor in SSS cases (RVL, 2021b; 2024), and thus, reducing the access to
lush pasture or recently fertilised paddocks could be a key preventive strategy. Once at grass, allocating
grass per strip using an electric fence (syn: strip-grazing) is one practical strategy to force calves to
graze the grass stem material that is rich in fibre. Additional forage provision e.g. straw or hay, could
be introduced at grass to provide adequate dietary fibre. Forage provision stimulates rumination and
subsequent saliva production, which act as natural buffers to control ruminal pH (Khan et al., 2016). In
addition to abovementioned management changes, numerous commercial products have been promoted
to manage SSS. However, to date published data on their efficacy are lacking.

Future research

The growing number of reported SSS cases in recent years and its unknown primary cause/s clearly
highlights an urgent necessity for future investigation of this syndrome. One key priority is to enhance
the understanding of risk factors pertaining to SSS occurrence. Grazing lush pasture and weaning
management have been perceived and hypothesised as the contributing factors in SSS cases (Mee,
2022), however, no studies have experimentally demonstrated their underlying relationship. Therefore,
future research is required to elucidate the involvement of these factors. The hyperammonemia finding
in SSS cases is novel (Male Here et al., 2024), but the significance of hyperammonemia and its causal
relationship with the development of SSS is not yet fully understood and warrants further investigation.
One particular area to explore is the potential link between practices of fertiliser use on farms during the
grazing period or exposure to high nitrogen pastures and the development of SSS and hyperammonemia.
Excess use of fertiliser has been associated with fast-growing pasture, which can increase the risk
for nitrate or ammonia/NPN toxicity- hyperammonemia is one manifestation of this type of toxicity
(Cope, 2018). The recent farm investigation study in Ireland provided an overview of the management
practices on a limited number of farms affected by this syndrome (Male Here et al., 2024), and thus it is
uncertain whether these practices are representative of all farms with SSS cases. A more comprehensive
epidemiological investigation would be needed to identify consistent patterns and correlations between
management practices, nutritional factors, and the occurrence of SSS on affected farms. Considering
that SSS affects calves in the post-weaning period also raises another concern about its long-term impact
on their health and performance. Currently, the compromised growth performance in recovered calves is
poorly described and is based primarily on anecdotal reports. Hence, empirical research to substantiate
the long-term impacts of SSS is needed.
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Conclusion

Studies to date have not identified consistent infectious agents as a cause of SSS in dairy calves. Exposure
to grass is the only consistent factor reported in SSS cases, with clinical signs occurring within a month
post-turnout of calves to grass. Several hypotheses exist regarding the potential causes, including grazing
lush grass, poor weaning management, inadequate rumen development, and viral infection. Although
some insights into the characteristics of SSS have been gained from recent farm clinical investigations,
further research is necessary to fully comprehend the syndrome and identify the cause/s and to gain a
better understanding of it.
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In Spain, the beef fattening system is an intensive system where calves are commonly housed in partially
open barns with straw bedding and 40% of the calves, mainly males, are from dairy origin (surplus calves).
These calves are transported by road for long periods (up to 3-5 days) from their dairy origin farms to the
rearing farm where they are typically fed low amounts of milk replacer for 6-8 weeks and concentrate
and straw ad libitum in separate feeders from very young ages with a resulting concentrate to straw ratio
around 90-80 to 10-20%. These calves are not castrated and slaughtered around 12 months of age. As a
European country the use of hormones or growth promoters are not allowed. This dairy beef production
system faces three main challenges and requires the design of nutritional strategies to: i) reduce the
incidence of bovine respiratory disease (BRD) and the antimicrobial use of unweaned calves upon arrival,
mainly focusing on the nutrition and management before arrival to the rearing farm and transportation
and the recovery from negative energy balance, increased gut permeability, oxidative stress, anaemia,
and the drop of feed intake ii) reduce the bulls aggressive and aberrant oral non-nutritive behaviours
based on the modulation of inflammation processes to reduce the incidence of dark firm dry (DFD)
meat; and finally to face one of the main challenges iii) reduce the environmental impact of this dairy
beef production by decreasing methane (CH,) and nitrogen (N) emissions, and to find alternative feed
ingredients with a low life cycle assessment (LCA) impact.

Feeding strategies around transportation

Surplus dairy beef calves are often commercialized with poor colostrum management atbirth and low level
of nutrition during the time they spend at the dairy farm (Renaud et al., 2017; Renaud et al., 2018; Renaud
and Pardon, 2022). It means that when calves are collected to go to an assembly centre or a market, they
have a weak immune system due to the poor maternal immunity transfer and low energy reserves to face
the contact with multiple pathogens from mixing calves from different farms. Additionally, the low level
of colostrum and feed consumed also have a negative effect on the gastrointestinal tract development
(Blum and Hammon, 2002). Assembly centres gather calves for several days until homogeneous lots are
made to be transported to the rearing farms. During the days that calves spend at assembly centres, the
level of nutrition is low, and the calves loaded to be transported for long distances are generally within a
state of negative energy balance (Marti et al., 2019). During transport calves are stressed due to motion,
environmental conditions, noise, lack of rest, restriction of feed and water, etc., which weakens their
already poor immune system and impairs the gastrointestinal functionality (Hutcheson and Cole, 1986;
Marcato et al., 2020; Marti et al.,, 2021; Buckham-Sporer, 2023; Pisoni et al., 2023). After many hours of
transport calves arrive to the rearing farms and they are offered a restricted milk replacer program and
ad libitum concentrate feed that, contrary to the expectations, may further deteriorate the health status
of the calves and the recovery after marketing and transportation.

We have investigated this commercialisation process over recent years, and we have observed that calves
fed 2 L of colostrum at birth and fed milk replacer or rehydrate solution at the assembly centre, took at
least seven days to recover the same concentrate intake when compared with a non-transported calf
(Pisoni et al., 2023). However, a calf that was fed 10 L of colostrum at birth and fed milk replacer at an
assembly centre, only took three days to recover the same concentrate intake than a non-transported
calf. These results show the importance of feeding calves a high level of good colostrum in order to have a
prompt recovery after periods of stress and feed restriction later in life. Physiologically, we have observed
that calves fed 2 L of colostrum at birth and receiving rehydration solution at the assembly centre, arrived
with lower levels of serum citrulline concentration indicating low levels of enterocyte mass in the small
intestine, high concentrations of serum chromium ethylenediamine tetraacetic acid (Cr-EDTA) an inert
marker that shows that those calves have low gastrointestinal permeability, or low mRNA expression of
tight junctions in the jejunum, compared with calves fed or milk replacer at the assembly centre or/and
had 10 L of colostrum at birth (Pisoni et al., 2023). The consequences of those effects were that a greater
number of calves with respiratory issues and diarrhoea after arrival at the rearing farm. In commercial
situations, we have observed that calves have an average concentrate intake of 50 + 21.8 g of concentrate
dry matter intake during the first week at the rearing farm when fed 4 L of milk replacer a day at a
concentration of 125 g. Therefore, seeking strategies before transport to minimize the gastrointestinal
damage was our next objective.

We wanted simple management feeding strategies at the assembly centres which were easy toimplement
and low cost. For this, we chose to provide two feedings of milk replacer a day to the calves three days
before transport, two feedings of milk replacer a day and ad libitum access to concentrate, two feedings
of milk replacer a day and ad libitum access to acidified milk, or the combination of two milk replacer
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feedings a day an ad libitum access to concentrate and acidified milk (Pisoni et al., 2022). Results from this
study showed that the average concentrate intake during the first week after arrival was 185 g, 248 g, 251
and 194 g of concentrate dry matter intake, respectively. In addition, although these feeding management
strategies did not prevent the increase of Cr-EDTA serum concentration due to transport, intake recovery
was seen after 24 h after transport, and at 14 days post-transport calves fed ad libitum concentrate, or
acidified milk had greater concentrate intake than non-transported calves. In this study we had 34%
greater concentrate intakes and the results demonstrate that simple feeding management strategies
before transport had big impact on the recovery of the calves.

Similarly, we wanted to investigate easy management strategies at arrival to improve the recovery of the
calves. We have observed that, just at arrival calves, are hungry and therefore concentrate consumption
peaks during the first 24 hours after arrival, with a consequent drop to O g of concentrate intake the
following day, and a subsequent very low increase afterwards (Pisoni et al., 2023). We have hypothesized
that a peak of concentrate intake with the gastrointestinal dysfunction due to the previous feed
restriction during transport observed, may further impair the recovery of the calves. The objective of the
following study was to try to avoid the peak of concentrate intake and observe how calves recovered from
transportation. To do that we offered the concentrate intake 24 h after arrival when calves already had
their two milk replacer feedings and rested, or we offered the concentrate intake 10 hours after arrival
but in between the two-milk replacer feedings, calves had access to ad libitum acidified milk (unpublished
data). Results of this study showed that although calves that received concentre feed offered 24 h after
arrival had a peak of concentrate intake on that day, their concentrate intake recovered faster than
calves for which concentrate was offered at arrival; calves also offered acidified milk ad libitum at arrival
had an excellent recovery with an additional 13% greater concentrate intake seven days after arrival.

Reducing bulls aggressive and aberrant oral non-nutritive behaviours

Management of intact bulls is challenging due to their tendency for aggressive and sexual behaviour,
adding an element of risk to human caretakers. Aggressive behaviours in bulls may have different
origins: i) inter-male fighting, adult males generally fight to win mates or territory, which is linked to
serum testosterone concentrations, ii) aggression after grouping, unfamiliar animals are brought
together, they fight and a social structure or hierarchy results, iii) resource defence, for example when
feeding space is limited aggression increases, and iv) aberrant aggression & oral non-nutritive behaviours
linked to nutrition (energy or fibre is restricted). Aggressive behaviours may have more than one origin.
It is not easy to reduce aggressive behaviours, and it is necessary to identify the origin (regrouping,
resources, nutritional strategies, weather) and understand animal behaviour and its relationship with
age, nutrition, management and housing conditions. In this section we will focus on aberrant aggression
and oral non-nutritive behaviours linked to dietary interventions. For finishing beef cattle, the most
common behaviours indicative of poor welfare are aggressive behaviour and abnormal oral non-nutritive
behaviours, and these behaviours are probably linked to anxiety. In rodents, behavioural responses
related to anxiety, stress, and depression are affected when the commensal intestinal microbiota have
been altered. Potential crosstalk mechanisms described in non-ruminant animals between the gut
microbiota and the brain include the production and regulation of neurotransmitters, intestinal barrier
integrity, modulation of enteric sensory afferents, bacterial metabolites, and mucosal immunity (Kraimi
et al., 2019). In ruminants, previous short-term experiments have indicated that nutrition affects some
crosstalk mechanisms including rumen inflammation and barrier function. For beef cattle, the linkage
between diet characteristics changes in potential mechanisms involved in crosstalk and behavioural
responses have not been evaluated, however data from our research group indicate that some feed
additives could decrease aggressive behaviour through the modulation of inflammation processes
(Paniagua et al., 2019; 2021). In a study (Devant et al., 2016) the lack of straw supplementation decreased
rumination and increased non-nutritive oral behaviours. Future research in this area (gut-brain axis)
should be targeted at the interaction between different knowledge areas including feed presentation,
feed palatability, digestive tract digestion at different sites, tissue integrity, immunity, inflammatory and
behaviour. We also need to have in mind that there are other threats (including weather, pen density
etc.) that have also been reported to cause anxiety and as a consequence aggressive behaviour that in
combination with dietary strategies can exuberate aggressive behaviour episodes.

Reducing the environmental impact

The environmental impact of the dairy beef production systemis low compared with other beef production
systems, but there is still room for improvement. To reduce the environmental impact challenges should
be focused on 1) methane (CH,)emissions from the digestion of feed (enteric emissions) and from manure
management, ii) the environmental impacts related to the production and transport of feed ingredients
and ration fed, and iii) the environmental pollution by the excess of nitrogen (N) and, to some extent,
phosphorus from manure.
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The most common dietary strategy to reduce N losses is to reduce crude protein (CP) intake, however this
strategy needs to be carefully implemented to avoid detrimental effects on performance and on enteric
and manure CH, emissions (described later). With excessive CP intake (above requirements) N excretion
in the urine was increased, while only marginal effects on fecal N output were observed (Devant et al.,
2022). Reducing the dietary CP content in the growing and finishing phase can reduce the N excretion
by 30 to 45% (Devant et al.,, 2020 & 2022). Moreover, retrospective data from a Spanish study was used
to simulate the theoretical the economic and environmental impacts of feeding beef cattle by adjusting
the ration in terms of energy and protein, once or multiple times during the fattening period, according
to the changing nutritional requirements (multiphase diet; Guarnido-Lopez, 2023). The implementation
of a multiphase diet schedule in dairy beef cattle production could represent an improvement in feed
efficiency, which furthermore may positively impact both the economic profitability and reduce the
environmental impacts. However, further studies using a larger number of animals should confirm: 1) the
optimal interval of body weights for the various phases, 2) the dietary energy and protein concentration
required in each phase, and 3) the need to evaluate nutritional strategies with low dietary energy and
greater fiber content that enable the simultaneous reduction of N and CH, emissions without detrimental
effects on performance. Other dietary aspects that should be considered are straw presentation form; for
example, providing unprocessed straw in separate feeders compared with chopped straw at 5 cm offered
in separated feeders or in a total mixed ration (TRM) reduced N excretion by 17% (Genis et al., 2021).

Moreover, in vitro data simulating potential manure management techniques indicate that the impact
of dietary N reduction on N and CH, emissions from manure under aerobic and anaerobic storage
conditions should also be considered (Devant et al, 2022). In certain cases, the reduction of dietary N
concentration may increase N volatilization or CH, emissions when manure is stored under aerobic or
anaerobic conditions, respectively.

When focusing in reducing enteric CH, emissions a first step is to decide which methods will be used to
measure it. Some methods are based on equations to predict CH, emissions, others are based on “sniffer”
CH, measurement system devices, and some of which are considered the gold standard: respiration
chambers. An alternative strategy to reduce CH, emissions is to add fat or to use fat sources that are
polyunsaturated in the ration. In a running study in Spain where the aim was to substitute palm oil by
fat sources that are hoped to be sustainable and could reduce CH, emissions, preliminary results indicate
that supplementing canola and soybean oil to diets when soybean meal is the main protein source is
effective reducing CH, emissions. However, when corn (i.e., maize) dried distillers grain (DDG) is used,
this protein source by itself already reduces CH, emissions regardless of the supplementary oil source
used. Previous in vivo data suggest that the use of DDG has no detrimental effect on growth rate, so we
expect that the net effect on carbon footprint (CF) per kg carcass will not be compromised (Devant et al.,
2023). Furthermore, most published studies only estimate the overall CH, production based on a short
period of measurement. Thus, there is an urgent need to perform CH, measurement over longer periods
during the fattening period; on newly weaned (3-4 months old), 6-8 months old as well as 10-13 months
old animals to better estimate the lifetime CH, production. Currently, using a “sniffer” CH, measurement
system we observed that substituting palm oil with sunflower oil at the beginning of the new fat source
supplementation resulted in a decrease in enteric CH, emissions (Llonch et al., 2024).

Finally, if the sector pursues a greater reduction in the total CF of beef, greater efforts in analyzing the
main contributing factors and implementing good production practices will be needed. In a Spanish
study, feed production and the origin of the feed ingredients, were the main contributing factors. So,
finding ingredients with low CF will be one of the key aspects to reduce the environmental impact of dairy
beef. Moreover, water footprint is a critical environmental indicator that cannot be overseen, mainly in
Mediterranean countries like Spain where we foresee water scarcity in the coming future.

In summary, main dietary challenges include reducing N content of the ration without increasing N
and CH, emissions and/or reducing animal performance. To achieve this goal, it is critical that dairy
beef production systems have their own equations for adjusting N and energy requirements, and to
estimate N and CH, emissions. Special attention to the requirements of crossbred animals and to the
associated emissions are also needed. Furthermore, having a complete holistic view is needed to avoid
counterbalanced dietary strategies that improve environmental impact but may reduce performance
and, therefore, lead to a similar total CF per kg carcass produced. Also, evaluating the effects of feed
ingredients and dietary formula on environmental impact needs further attention. Finally, high animal
health status and low culling rate are needed for obtaining high efficiency in our dairy beef production -
a prerequisite for keeping CF low.
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Introduction

Approximately 60-65% of beef output in the EU now comes from dairy progeny, highlighting the increasing
emphasis on the sustainability of dairy calf-to-beef production systems. In grass-based dairy-beef
operations, male beef production primarily involves steers, which typically reach slaughter specifications
at 22-24 months of age, depending on their genotype. These systems aim to maximize the utilization
of grazed grass within the farm’s feed budget while strategically incorporating concentrate feeding to
achieve carcass specifications without compromising growth targets.

A key strategy for mitigating greenhouse gas emissions in the Irish beef sector involves reducing variability
in slaughter age and greenhouse gas emissions throughout the animal’s lifetime. In line with the Teagasc
Marginal Abatement Cost Curve analysis (Lanigan et al., 2023), current policy aims to decrease the average
age at slaughter of dairy-beef steers by 3 months, nationally, from an average of ca. 27.5 months in the base
year of 2018 to 24 months by 2030. Achieving optimal carcass weight and fatness is crucial for facilitating
earlier slaughter and minimizing the carbon footprint of pasture-based dairy-beef production systems.

At farm level, a significant source of biological inefficiency in many commercial grass-based dairy-beef
operations is the failure to consistently achieve high growth performance during early life. Inadequate
growth rates by weaning (8-10 weeks of age) and housing (typically 7-8 months of age) often result in
lighter carcasses and delayed slaughter age, adversely impacting production efficiency, farm economics,
and environmental sustainability. Notably, on-farm data indicates that up to 40% of the variation in final
carcass weight can be attributed to calf performance during the first three to four months of life (Figure
1). Given that young calves (under six months of age) have a limited latent capacity to compensate for
under-nutrition, it is crucial to achieve moderate to high growth rates during this period to consistently
meet acceptable lifetime performance targets.

Enhanced early-life nutrition can significantly influence lifetime growth potential and carcass
composition, although data on this topic remains limited. Key developmental programming windows
during early calf life (under six months of age; Figure 2) play a crucial role in eventual carcass development.
Strategic nutritional interventions aimed at promoting muscle cell hyperplasia, hypertrophy, and
adipocyte development during these critical periods can positively affect carcass gain, composition,
and meat quality. This paper will explore the importance of maximizing early-life growth potential
and implementing targeted nutritional strategies for tissue development, highlighting both immediate
and long-term impacts on animal performance, carcass yield, and the overall efficiency of sustainable
pasture-based dairy-beef systems.
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Figure 1. Relationship between calf average daily gain up to 12 weeks of age and subsequent carcass weight at 16
months of age for Holstein Friesian bulls (n=1100; Kelly, 2024, unpublished)

Importance of colostrum and development of immune status in dairy bred calves

At birth, dairy calves have a fully developed albeit immature immune system, making them particularly
susceptible to diseases compared to older cattle (Hulbert and Moisé&, 2016). Colostrum provides essential
passive immunity, containing immunoglobulins (Ig), maternal leukocytes, growth factors, hormones,
cytokines, and microbial factors that enhance the neonatal calf’'s defences against pathogens (Godden,
2008).
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Passive transfer refers to the absorption of maternal Ig from colostrum through the calf’'s small intestine
during the first 24 hours of life (Godden, 2008). If a calf absorbs less than 10 mg/ml of IgG (or fewer than
12 zinc turbidity test units), it is deemed to experience failure of passive transfer (Godden, 2008; Logue
and Mayne, 2014). To maximize successful immunoglobulin transfer, it is recommended that dairy bred
calves receive 10% to 12% of their body weight in colostrum during the first feeding. Since the calves’
IgG absorptive capacity declines after 4 to 6 hours of life, it should ideally receive 3 litres of high-quality
colostrum within 4 hours of birth (Lorenz et al., 2011). On farm surveys suggest that a high proportion
of Irish dairy calves do not absorb sufficient colostral Ig immediately after birth, significantly increasing
their risk of disease and mortality (Todd et al., 2018). Indeed, male calves, which represent the majority of
surplus calves, are less likely to receive adequate colostrum compared to females, further elevating their
risk of morbidity and mortality (Shivley et al.,, 2019). Research indicates that dairy origin calves with low
serum immunoglobulin (Ig) concentrations encounter significantly greater health challenges, including
a threefold higher risk of mortality (11% vs. 3%), increased incidence of diarrhoea (21% vs. 14%), and a
higher prevalence of respiratory diseases (36% vs. 28%) compared to calves with adequate Ig levels.
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Figure 2. Effect of plane of nutrition offered during the first [high (H) v low (L)] or second [high (H)] six months
of life on bodyweight gain up to 42 weeks of age in Holstein Frisian bull calves on compensatory growth response
(expressed as compensatory growth index. Adapted from research conducted at Teagasc Grange by Byrne et al.
(2018). Relative growth advantage of calves offered HH compared with LH plane of nutrition up to six months of age
was predominantly retained to 42 weeks of age despite the calves previously on L switched to the H (LH) plane of
nutrition (concentrate ad libitum while on pasture) on reaching six months of age. Thus the LH calves only recovered
10% of the bodyweight forgone in the first six months of life.

Pre-weaning nutrition

The amount of milk replacer (MR) offered will depend on its nutritional composition and the body weight
and desired growth rate of the calf. For successful dairy calf rearing, the target is to achieve a pre-weaning
growth rate of 700g per day, resulting in the dairy calf reaching a body weight of 100 kg at 12 weeks. To
meet these growth targets a standard MR at a feeding rate of six litres (125g/1; split between two feeds),
equating to 650-750g of powder per day has been typically recommended. Research from Teagasc Grange
(Fallon et al. 2008) shows no calf growth advantage in raising the protein content of MR from 23% to 28%.
Similarly other studies conducted at Grange clearly show no growth advantage following elevating milk
replacer fat content beyond 17%. For this reason, once composed of good quality, undegraded ingredients,
commercial MR containing 20 to 23% crude protein and 15 to 20% of a suitable fat source should be
adequate to support acceptable pre-weaning growth in dairy-beef calves. In general, MR containing
milk products (skim and whey based) are digested better than those containing vegetable proteins and
are particularly beneficial for younger unsupplemented calves that may be more susceptible to stress.
Additionally, most MR can also be fed as a once-a-day product with no difference in calf performance, if
feeding guidelines are followed correctly.

Conventional (average daily gain (ADG) 500-700 g/day) versus Intensified (ADG > 800g/day) pre-weaning
feeding for accelerated growth has been a hot topic in dairy calf management in recent years. Intensified
rearing systems allow calves much greater intakes of MR in early life, with feeding rates approximately
twice (MR input of more than 50kg) of those offered under conventional systems. Additionally, feeding
a quality MR with a compositionally higher crude protein content (25 to 28%) to support the potential
for rapid lean growth is typically advocated under such systems. Research shows that calf growth rate
responds to increasing MR allowance to greater than 1000g/day pre weaning. However, from a dairy-
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beef perspective the economic payback for this additional investment is highly dependent on the cost of
MR, the prevailing value of beef and the relative importance of meeting strict carcass specifications in a
timely fashion (i.e. young bull beef systems). For instance, unlike dairy heifer replacement studies where
high amounts of milk fed to calves pre-weaning may be justified by the positive impact of such a practice
on inducing earlier puberty and improved lactation performance later in life (Soberon and VanAmburgh,
2013; Gelsinger et al., 2016), this may not be as applicable in dairy calf-to-beef production systems. Indeed,
studies in Ireland (Fallon et al., 2005; Byrne et al., 2017; Coen et al., 2021) and elsewhere (Khan et al., 2011,
Hu et al., 2020; Rosadiuk et al.,, 2021) have shown that despite the advantages of increased milk supply
on tissue and skeletal growth during the pre-weaning period, the practice is less attractive if growth
advantages are relatively small (usually < 10 kg live weight at weaning) and/or relatively short-lived, with
the practice typically associated with concomitant depression in consumption of solid feed pre-weaning.
Indeed, the magnitude of the pre-weaning growth response to MR feeding level can be influenced by,
among other things, the prevailing supplemental concentrate feeding practice 1.e. restricted vs. ad libitum
allowance. In a recent experiment at Teagasc Grange, no difference in pre-weaning gain, days to reach
target weaning weight, ADG over the first grazing season lifetime growth and carcass performance of
dairy calves offered either 4 L or 8 L of calf MR daily, equivalent to 500 and 1000 g DM of MR, respectively,
and ad libitum access to concentrates. Calves offered the lower MR allowance consumed an additional
25 kg of concentrate over the rearing phase in that study (Byrne et al,, 2021 - unpublished). Overall,
this research suggests that when concentrate is freely available, feeding a lower level of MR is offset by
increased concentrate consumption resulting in similar calf performance pre-weaning. These findings
are consistent with other recent research (Hu et al, 2019). This implies that under this pre-weaning
feeding regime the opportunity to influence dairy calf growth through enhanced MR feeding levels is
relatively limited.

Exploiting post-weaning growth potential

Nutrient conversion into body weight gain is most efficient during the immediate post-weaning period
in dairy-beef systems. In artificially reared calves, the pre-weaning phase is typically characterised by
higher feed costs than those incurred during the post-weaning period. Therefore, optimizing management
and feeding strategies to seamlessly integrate pre- and post-weaning nutrition is crucial for maximizing
efficiency and enhancing lifetime performance. Furthermore, achieving early life weight-for-age targets
is essential for improving the overall production efficiency of dairy-beef enterprises.

Recent studies at Teagasc Grange show that dairy calves fed high-energy concentrate-based diets post-
weaning achieve growth rates of approximately 1.20 to 1.30 kg/day up to six months of age, about 50-60%
higher than those on conventional diets (Byrne et al., 2018; Kelly et al., 2020). De Carvalho et al. (2021)
found that feed conversion ratios (kg feed DM per kg bodyweight gain) for dairy calves on such diets
during the early post-weaning phase (8-12 weeks) are approximately 3:1, increasing to around 5:1 from
12 to 30 weeks. This early-life feed efficiency is 2-3 times superior to that of finishing cattle receiving
supplementary concentrates at pasture (Keane and Drennan, 2008). By strategically reallocating the
concentrate feed budget from the finishing phase to the early-life phase in dairy calf-to-beef systems,
producers can leverage calves’ superior feed efficiency, and body muscle and fat deposition potential
resulting in improved financial and biological outcomes. Additionally, our studies indicate that calves
receiving a high plane of nutrition during early life (3 to 21 weeks) exhibit increased fat cell hyperplasia
(cell numbers) and hypertrophy (cell growth) in subcutaneous adipose tissue by five months of age (Keogh
et al., 2020). This early nutritional advantage may predispose such animals to greater carcass adiposity
later in life, aiding in the attainment of desired carcass fatness at an early slaughter age. Prioritizing
early-life nutrition is essential for optimizing growth, efficiency, and overall production outcomes in dairy
calf-to-beef systems.

Limiting weaning stress and growth retardation

A successful transition from the pre-ruminant to ruminant stage is essential for sustaining performance
and health in dairy calf rearing. Poor management during this critical period can result in post-weaning
growth setbacks, elevated stress, and increased vulnerability to health issues, particularly respiratory
diseases. These challenges can significantly hinder the animal’s long-term performance, leading to
lasting deficits in growth performance, economic returns, and ultimately environmental efficiency in
dairy-beef systems.

Adequate concentrate intake is crucial to preventing nutritional stress at weaning and is essential for
ensuring a smooth transition and integrating optimal pre- and post-weaning performance in dairy-
beef calves. The fermentation of solid feed stimulates the differentiation and expansion of rumen
epithelial papillae (finger like projections of the rumen epithelium), allowing for a greater surface area
for the absorption of volatile fatty acids (VFAs) produced by microbial fermentation (Nemati et al.,
2015). Fermentation of the starch component of grain produces volatile fatty VFA, particularly butyrate,
which stimulates growth of rumen papillae, essential for the development of the absorptive capacity
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of the rumen. Indeed, the quantity of calf starter feed intake correlates well with the degree of rumen
fermentative function as well as the physical development of rumen, pre-weaning. It takes about 3-4
weeks for appreciable development of the rumen papillae from when concentrate feed is initially
offered. Thus, the earlier starch is digested by the calf, the faster rumen development occurs. From a
management viewpoint, high-quality concentrate should be offered to the calf in the first few days after
birth along with access to water (Chapman et al., 2016). Ultimately pre-weaning nutritional management
and, in particular concentrate feed supplementation, plays a crucial role in determining weaning age and
potentially early post-weaning rumen health and functionality.

Practical nutritional strategies and recommendations to support improved rumen development

Concentrate feeding: high-quality calf starter should be introduced by four days of age, with a target intake
of approximately 300 g per day by two weeks of age. This starter should contain 17-18% crude protein and
have a minimum energy value of 12 MJ/kg (greater than 0.95 UFV/kg). Fresh, dust-free starter should be
provided daily to maximize intake and stimulate rumen development.

Roughage feeding: Roughage (hay or chopped straw) should be introduced when calves consume at least
1.5 kg of concentrate, typically post-weaning. It supports the growth of the rumen’s muscular layer and
maintains epithelium health. Starting to offer roughage at week eight is advisable, with a concentrate-to-
roughage ratio of 8:1 by weight or about 200 g of roughage per calf daily to prevent excessive intake that
could dilute overall dietary nutrient intake and thus growth performance.

Weaning strategies

Weaning can occur between six to ten weeks of age, depending on the feeding strategy employed on the
farm. Gradual weaning is preferred, achieved either by reducing milk intake over time (De Passillé and
Rushen, 2016) or through a step-down approach (Khan et al.,, 2007; Hill et al., 2012). For calves receiving
moderate to high milk volumes (750 g to >1 kg), a gradual weaning period of 14 days is a recommended
minimum to prevent reductions in dry matter intake or ADG during and immediately after weaning (Hill
et al., 2012; Kelly et al., 2020).

Weaning decisions should focus on solid feed intake rather than age. Calves should consume 1.3%
to 1.5% of their body weight in dry feed to meet their nutritional needs for maintenance and growth.
Ideally, they should be consuming at least 1 kg of calf starter daily for three consecutive days before
liquid feed is discontinued. Monitoring starter intake allows for adjustments to be made, if necessary,
to weaning schedules for calves not meeting pre-weaning growth targets. Additionally, stressors such as
dehorning or vaccination should be avoided during weaning, as they can weaken the immune system
and thus increase the risk of morbidity and mortality. A planned, gradual weaning strategy is essential for
promoting solid feed intake and ensuring a smooth transition from pre- to post-weaning growth phases.
It is important to recognize that post-weaning, a dairy-beef calf targeting a growth rate of over 800 g/
day requires a daily solid feed intake of 2.2 kg DM (12 MJ/kg or >0.95 UFV/kg; NRC, 2021). Thus, ensuring
adequate post-weaning feed intake and facilitating the development of a healthy, functional rumen are
critical for meeting the calf’s nutritional requirements and are essential to prevent growth setbacks while
maintaining consistent, optimal growth performance.

Carry over effects of early-life nutrition on carcass weight and composition

Achieving a commercially acceptable carcass fat score (>6.0 units on a scale of 1 to 15) is a significant
challenge where dairy-bred cattle are reared under a predominantly pasture-based production system
and slaughtered at a young age (Murphy et al., 2017). Since the ability of cattle to deposit subcutaneous
fat, in particular, and achieve optimal performance at younger ages is critical for meeting industry
specifications, understanding how nutrition during various developmental stages, particularly early life,
influences final carcass composition is a key area of research.

Enhanced early-life nutrition in beef calves has been shown to have the potential to positively influence
lifetime growth potential and carcass composition (Hausman et al., 2009; MacPherson et al., 2019; van
Niekerk et al., 2021), although there are little published data on studies that have monitored animal
performance beyond the calf stage. Key developmental programming windows in early calf life are
believed to affect carcass composition and development. Strategic nutritional interventions during these
windows can enhance tissue hyperplasia and hypertrophy, potentially altering carcass gain, adiposity,
composition, and meat quality later in life.

Myogenesis or muscle cell development begins while the calfis in the womb, and postnatal muscle growth
primarily involves an increase in muscle fibre size and not necessarily the formation of new muscle
fibres (Stickland, 1978). While the number of muscle fibres established during prenatal myogenesis is
fixed, other skeletal muscle cells, such as satellite cells, have the potential to undergo postnatal cellular
division (Rehfeldt et al., 2000). Therefore, increased dietary intake during the pre-weaning and weaning
periods can significantly influence overall skeletal muscle growth and development, which in turn affects
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lean growth and ultimately carcass composition and meat quality following slaughter (Rehfeldt et al,,
2000). Moreover, muscle tissue also comprises other cell types, such as adipocytes. Enhanced early-life
nutrition can influence these cell types, impacting on the chemical composition and eating quality of the
final product.

Fat cell or adipocyte development is characterized by hyperplastic growth, with preadipocytes appearing
during embryonic life; however, significant postnatal development occurs in early calfhood when the
number of adipose cells is established (Spalding et al., 2008). Studies suggest that strategic nutritional
manipulation during this critical phase could promote adipocyte hyperplasia (increased cell numbers)
and hypertrophy (increased cell size) and consequently affect carcass fatness (Tikofsky et al., 2001).
Specific nutrient inputs, including lipid supplements in early life, have also been shown to enhance
early adipocyte hyperplasia and differentiation (Mangrum et al., 2016), leading to improvements in meat
quality attributes such as higher lipid content in striploin steaks and enhanced marbling scores.

Studies with suckled beef calves clearly show an advantage of improved early life nutrition in the form
of increased milk consumption on weaning weight and final carcass weight. Indeed a study conducted
by Drennan et al. (2005) indicated that on average, each additional kilogram of milk consumed daily by
pre-weaned suckled calves, resulted in an additional 6.8 kg in weaning weight, 5.2 kg at in slaughter
bodyweight and 2.72 kg in carcass weight. A number of studies have also been conducted at Teagasc
Grange with artificially reared dairy bred calves to examine the latent effects of early life nutrition on
eventual carcass weight and composition. In general, while there have been some residual effects of early
pre-weaning and/or post-weaning nutrition on aspects of carcass weight and composition, these have
been modest and the economic feasibility of such interventions will depend on the relative response in
carcass weight, the prevailing value of beef and the cost of feed.

Abbott et al. (2024, unpublished) examined the effect of pre- and post-weaning plane of nutrition on the
lifetime performance of young Holstein Friesian and Angus sired dairy bulls slaughtered at 16 months of
age. In that study, calves were offered either a moderate (M PRE) or high (H PRE) plane of nutrition from
birth.

Calves on the M PRE treatment were offered 6L/day containing 750g MR for the pre-weaning period
with a 2 week weaning period. Calves on H PRE treatment were offered 8L/day containing 1,200g MR for
the initial 2 weeks, 10L/day containing 1,500g MR for the remaining pre-weaning period. A commercial
calf rearing pelleted concentrate, 18% protein was offered ad libitum in the pre-weaning period. Post-
weaning calves were balanced by age and live weight from within their respective pre-weaning treatment
onto one of two, four week long post-weaning diets, moderate (M POST) or high (H POST), receiving
1.5 kg concentrates per day and ad libitum, respectively. Subsequently animals were managed in line
with a standard technically efficient dairy calf-to-beef system and followed to slaughter as bulls at 16
months. Full details of the main results of this study can be found elsewhere in this publication. Briefly,
no interactions were observed between the pre- and post-weaning diets and thus there was no evidence
of compensatory growth on those calves offered a moderate plane of nutrition. Calves offered the H PRE
diet had greater bodyweight at weaning compared to M PRE as did those calves offered H POST compared
with M POST. Bodyweight differences were retained to housing for both pre- and post- weaning feeding
regimes. At slaughter, while the relative differences in bodyweight were retained only those observed
during post-weaning were statistically significant for bodyweight and carcass weight, with no differences
in conformation or fat score between the dietary treatment groups. Importantly, the variation in carcass
characteristics and the proportion of bulls meeting all market carcass criteria was higher for calves
offered a high compared with the moderate pre- and post-weaning diets. Such uniformity has obvious
implications for the overall value of carcasses from dairy bred bulls slaughtered at a young age as well as
for the logistics of management (i.e. avoiding the requirement for staggered marketing). Ongoing research
effort at Grange is examining variation in the duration and extent of concentrate supplementation of
calves during their first grazing season on subsequent bodyweight gain and final carcass characteristics.

In other studies with young dairy bred bulls at Grange, we have examined the effect of the chemical
composition of the milk replacer offered, pre-weaning, on lifetime performance and on detailed carcass
characteristics. For example, Ferguson et al. (2019) offered 120 Holstein Friesian bull calves a milk replacer
containing either one of two concentrations of supplemental fat viz. a high fat (HF; 21% CP, 30% fat) or
a standard fat (CON; 21% CP, 18% fat)]. Milk replacer was offered at a rate of 6 L/day at 12.5% DM/L and
all calves were offered a concentrate in pelleted form limited to 1kg/day. Pre-weaning performance and
bodyweight at weaning was not affected by milk replacer fat content and neither was the chemical
composition of a cuberoll cut harvested from a proportion of the calves in each treatment, just prior to
weaning. The remaining calves on both pre-weaning milk replacer diets were reared under a standard
16 month old dairy bull beef system. During the finishing phase the young bulls were offered one of four
concentrate based finishing rations balanced across the two original pre-weaning milk replacer based
diets. The concentrate feed was composed of (i) either maize or barley (included at 70%, as fed) which in
turn was (ii) either supplemented (5% as fed) or not with a rumen inert fat supplement, rich in palmitic
acid. Animals were slaughtered before reaching 16 months of age. Selected carcass and rib-joint dissection
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measurements were taken at slaughter. Overall, there were no biologically significant interactions
amongst the main dietary treatments for any of the economically important traits measured. There was
no latent effect of calf rearing dietary regimen on any of the carcass measurements recorded. Similarly,
no effect of cereal type (maize v barley) in the finishing ration was observed. In general, the inclusion of
supplemental fat in the finishing ration depressed animal performance and, as a consequence, reduced
carcass weight and associated fat and muscle classifications, which was, most likely, due to the negative
impact of dietary fat inclusion on feed intake.

These findings by Ferguson et al. (2019) have implications for the nutritional management of young dairy
bulls during finishing. There is anecdotal evidence from, or at least a perception within, the Irish feed
industry that inclusion of processed maize and/or supplemental fat in the diet of young rapidly growing
male cattle is a panacea for the lower carcass fat scores typically achieved with such animals. Our data
does not substantiate this perception or indeed the hypothesis that higher fat intakes during the pre-
weaning phase can predispose the animal to higher carcass fat cover in later life. In addition, our data
indicates that, where economically appropriate, barley can be essentially entirely substituted for ground
maize in the finishing diet of young cattle, without affecting animal performance, carcass characteristics
and, in particular, carcass fat colour.

Conclusions

In the foregoing discussion we have outlined the advantages of ensuring that artificially reared, dairy
bred calves, destined for beef production receive appropriate nutritional management from birth if target
growth rates and eventual carcass specifications are to be consistently met. This process starts by these
calves being offered an adequate supply of good quality colostrum. During the pre-weaning phase it is
important that the milk replacer based feeding regimen employed supports the early consumption of
concentrate and that calves are consuming at least 1 kg of concentrate for at least three consecutive
days prior to weaning. The response in bodyweight gain to concentrate supplementation during the early
post weaning period is high and this is a period during which the calf has a particularly high capacity
for feed efficient growth. Indeed, the very limited number of studies that have followed the latent effects
of early life plane of nutrition right through to slaughter suggest that bodyweight gains during the early
post-weaning phase can be more or less retained to slaughter and that such interventions can result in
a higher proportion of animals meeting target carcass specification, particularly when slaughtered at
a young age. Where growth performance in calves is suboptimal during the first six months of life, this
underperformance cannot be readily compensated for by offering a high plane of nutrition thereafter,
again highlighting the importance of achieving target rates of gain throughout life if final carcass
specifications are to be met in a timely fashion. In pasture-based production systems, concentrate
supplementation regimens employed during the grazing season should be conducted in conjunction
with a well-informed grazing management strategy (covered elsewhere in this publication) and utilised
with the primary purpose of ensuring that target growth rates are achieved throughout the animal’s life.
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Introduction

For livestock producers, production efficiency is essential to maintain long-term profitability and
sustainability (Mulliniks et al., 2015). Pasture-based beef production systems offer a competitive
advantage over indoor systems, primarily because grazed grass is the cheapest feed available (Doyle et
al., 2022), and beef producers can capitalise on the ruminant animals’ ability to utilise grazed grass which
is not usable for other non-ruminant based livestock production sectors. If current food consumption
patterns continue, the agriculture sector must provide significantly more food in the coming years from
the available land area (Hennessy et al., 2021). Some livestock systems directly engage in feed-food
competition where arable land is used for livestock feed rather than as crops for human consumption,
thereby reducing global food supply. However, Hennessy et al. (2021) has shown that Irish dairy beef
systems are net positive producers of human digestible protein from the grazed pasture typically
employed in such enterprises. The challenge now lies in continuing to increase the proportion of grazed
pasture in the diet of the dairy-beef animal. For example, Kearney et al. (2024) has shown that maximising
the proportion of grazed pasture in the diet of the animal, instead of using purchased concentrates,
enhanced economic performance and improved human-edible protein and energy efficiency of dairy-
beef production systems. Factors such as grazing season length contribute to achieving this goal, and
also influence environmental impact, meat quality, and consumer choice (Phelan et al., 2015). However, to
ensure the future viability of pasture-based beef production systems, a more rapid adoption of innovative
grazing management practices and tools, which increase profitability by optimising grazing management
performance, is required (Mulliniks et al., 2015). This paper details grazing management practices, which
can be used to increase the proportion of grazed grass in the diet of the weanling dairy-beef calf, and
outlines the performance that can be expected when such practices are undertaken.

Grazing management practices

Having successfully reared the calf from birth to weaning, thereby transitioning it to a young ruminant,
the aim should be to have a healthy calf weighing ~100 kg at 10-12 weeks of age. As the majority of Irish
dairy calves are February - April born the typical turnout date to pasture for these animals is mid-late
May onwards, as six to eight weeks is the most common weaning age (Barry et al., 2020). Once turned out,
there are then a number of routes by which pasture can be offered to the young weanling.

Leader/follower compared to rotational grazing systems

One grazing option that dairy calf-to-beef producers can operate is the leader/follower system. In this
system there are two animal age categories (calves and yearlings) on the farm at any one time and the
challenge is to optimise the performance of each group. Since its inception, over 50 years ago, leader/
follower systems have been used in a dairy calf-to-beef system. The system is characterised by calves
(leaders) grazing ahead of the yearlings (followers) through a series of paddocks with the speed of
movement within the grazing rotation determined by the followers (the yearlings) which move when
their desired post-grazing height/herbage mass is reached.

Leader/follower grazing management could be expected to benefit the leaders (calves), and to disadvantage
the followers (yearlings) as the leaders always have an abundant herbage supply and have the opportunity
to select the highest quality herbage. The followers, on the other hand, may occasionally have herbage of
lower quality because the leaders (calves) have selected the highest quality material leaving the residual
to the followers. However, as yearlings are turned out to pasture some two months before the calves, and
as the calves are initially supplemented with concentrates while at pasture, thus consuming little grass
in the beginning, the impact on the yearlings should be limited. During mid-season, when calves are
larger are not in receipt of supplemental concentrate, and are consuming sizable amounts of pasture, a
restriction in the potential performance of the yearling animals might be expected.

Keane (2002) reported a study that compared three different iterations of a pasture based integrated dairy
calf-to-beef system. In this study animals were allocated to one of the following grazing management
systems: (i) leader/follower (LF) system; (ii) a rotational grazing system where calves and yearlings grazed
separately (S) or (iii) calves co-grazed (CG) with yearlings in one mixed grazing management system.

The bodyweight responses to these three grazing management systems are outlined in Table 1. Mean calf
bodyweight at turnout across all three groups was 115 kg. During the grazing season, bodyweight gain for
calves was highest in the LF group and lowest for the calves in the S group (Table 1). After about 12 weeks
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at pasture, the LF calves were significantly heavier than the other two groups and remained so until the
end of the following grazing season. Differences in calf weight between the CG and S groups were smaller
but were, nevertheless, significant both at the end of the grazing treatments and at the final weighing
one year later.

Table 1. Bodyweight (kg) of calves on three grazing management systems

Separate

Leader/follower

18t turnout (14/5) 115 115 115 4.5 NS
End June (25/6) 147 141 132 5.8 NS
Early August (5/8) 183% 162° 153P 6.6 *
End of treatments (23/9) 2422 205° 190¢ 7.3 o
1 housing (18/11) 259° 200 208" 7.0
27 turnout (24/3) 3322 290° 280° 8.6 o
2n housing (3/11) 515¢ 4930 476° 8.3 o

*within row, different superscripts indicate that grazing system mean bodyweights are statistically significantly different.
(From Keane (2002))

From the start to the end of the first grazing season the LF calves had a higher average daily bodyweight
gain (ADG) than the other two groups of calves, and with the exception of the mid part of the season
when the difference was not statistically significant, the CG calves had a higher ADG than the S calves
(Table 2). For the entire period of the comparison, the LF calves had a 279 g/day higher ADG than the CG
calves, which in turn gained 112 g more /day than the S calves. For the 8-week period from the end of the
grazing treatments (late Sept) to housing (mid-November) there was no evidence of compensatory gain
and there was no difference between the grazing management treatments in bodyweight gain during this
period. Neither was there any evidence of compensatory gain over the following winter when all animals
were fed similarly, and had similar bodyweight gain. However, there was some evidence of compensatory
growth during the second grazing season. From turnout to the end of August, the CG yearlings gained
significantly faster than their LF counterparts, and the S group tended to do likewise. For the entire period
from calf turnout to the end of the second grazing season, the LF group gained bodyweight significantly
faster than the CG group, which in turn gained significantly faster than the S group.

Overall, differences in calf performance between the systems were small. An important practical finding
from this study was the negative effect of the leader calves on the follower yearlings suggesting the
followers had either insufficient herbage or herbage of reduced quality for some or all of the grazing
season. One advantage of the LF system is that it assists in the control of gastrointestinal parasites in
the calves and with increasing incidence of anthelmintic resistance, this attribute may be of increasing
importance.

Table 2. Bodyweight gain (g/day) of calves on three grazing management treatments during their first
and second grazing seasons

Leader/follower | Mixed | Separate | s.e.d. Sig
1t turnout to end June (14/5 - 25/6) 774% 612° 420° 53.2 o
End June to early August (25/6 - 5/8) 8832 509 492° 41.8 o
Early August to end treatments (5/8 - 23/9) 1,194 896° 771¢ 63.0 o
18t turnout to end treatments (14/5 - 23/9) 9642 685b 573¢ 28.8 ok
End treatments to 1°t housing (23/9 - 18/11) 301 256 316 69.7 NS
1st housing to 274 turnout (18/11 - 24/3) 573 554 566 35.0 NS
27 turnout to end August (24/3 - 25/8) 1,0332 1,171° 1,091° 38.9 *
2 turnout to 2" housing (24/3 — 3/11) 821 908 876 29.8 NS
1¢t housing to 2™ housing (18/11 — 3/11) 731 780 764 19.7 NS
Calf turnout to 2" housing (14/5 - 3/11) 7442 702°b 671° 13.5 *

*within row, different superscripts indicate that grazing system mean bodyweights are statistically significantly different
(From Keane (2002))

Rotational compared to continuous grazing

Grazing management on dairy calf to beef farms is typically manifested as either a continuous/set
stocking or rotational grazing system with the latter tending to be the preferred option. In continuous
grazing management animals have unlimited and uninterrupted access to the pasture area (Sollenberger
et al. 2020). Rotational grazing on the other hand, is a grazing method that involves the subdivision of a
grazing area into two or more paddocks that are subjected to controlled periods of alternating grazing
and rest (Windh et al. 2019).

It has long been established that controlled rotational grazing is superior to continuous grazing, in terms
of supporting weight gain, for beef animals (Hull et al., 1967; McMeekan and Walshe, 1963). Marley et
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al. (2007) reported that rotational grazing resulted in higher quality swards than continuous grazing,
evidenced by higher pasture digestible organic matter in dry matter (DOMD) and lower acid detergent
fibre (ADF) and neutral detergent fibre (NDF) content. This study also reported higher proportions of
green leaf in swards rotationally rather than continuously grazed. Consequently, ruminants grazing
rotationally grazed swards had higher weight gains than those continually grazing swards. When Penning
et al. (1994) compared the effects of rotational grazing compared to continuous stocking on the feed
intake and behavioural responses of ruminants, they found that grazing behaviour was altered so as
to increase bite mass (dry matter intake) at the start of grazing a rotationally grazed plot. Marley et
al. (2007) also suggested based on blood metabolite concentrations, that grazing on perennial ryegrass
swards managed under rotational compared with continuous grazing may result in increased efficiency
of nitrogen (N) use.

Within rotational grazing systems pre-grazing height and herbage allowance are some of the most
commonly used technologies in grazing management (Costa et al., 2022). Animal response to variables
such as pre-grazing height (Hodgson 1985), post-grazing height (Minchin and McGee, 2010) and herbage
allowance (Dougherty et al., 1989) have been well defined in the literature for cattle. However, research is
constantly advancing.

Grazing management practices

Grazing management practices, such as pre-grazing herbage mass and post-grazing height, can be major
determinants of the growth, nutritive value and dry matter (DM) intake of grazed herbage, which are key
contributing factors to performance of livestock grazing pasture (Frame and Laidlaw, 2011; Donaghy et
al.,, 2021).

Herbage mass

A balance between optimum sward production and quality dictates the level of pre-grazing herbage mass
required during the grazing season. If pre-grazing herbage mass is too low (<1,000 kg DM/ha, >4cm), sward
quality will be high, but dry matter intake may be reduced, animals may spend longer grazing trying to
compensate for lower intake per bite, and production may be sacrificed (Tufion et al., 2011). Consistently
maintaining a low pre-grazing herbage mass (<1,150 kg DM/ha) reduces pasture DM production and may
increase the requirement for imported feed (Wims et al., 2013). Conversely, if pre-grazing herbage mass is
too high (>2,200 kg DM/ha, >4cm), dry matter intake, sward quality and animal performance are reduced
(Tunon et al., 2011). A relatively high pre-grazing herbage mass results in increased rotation length
(McEvoy et al., 2009) but also results in increased accumulations of stem and dead material, leading to a
reduction of overall quality of the pasture available (Hoogendoorn et al., 1992). Grazing medium herbage
mass (1,300 - 1,600 kg DM/ha, >4cm) pastures typically leads to increased output per ha and increased
sward quality (McEvoy et al., 2009; Wims et al., 2014).

Doyle et al. (2023) previously reported improved weight gains of Charolais steers when pre-grazing herbage
mass was 1,500 kg DM/ha compared to 2,500 kg DM/ha. The higher weight gains were attributable to
lower mass swards being more digestible, higher in crude protein and lower in fibre. Anecdotally, some
Irish farmers tend to offer calves low herbage mass swards after turnout post-weaning. However, caution
should be exercised as fibre levels in these swards can be low and may pre-dispose the calves to poor
health (AHI, 2022). Interestingly, PastureBase Ireland (Hanrahan et al.,, 2017) data collected from farmers,
in discussion groups that specialise in dairy-calf to beef production, showed that these farmers offer an
average pre-grazing herbage mass of 1,300 — 1,600 kg DM/ha (>4cm; Hearne, per. Comm., 2024), which
concurs with that recommended by Teagasc (2024).

Post-grazing sward height

Grazing swards to a low post-grazing sward height (PGSH) is a strategy for improving grass utilisation
(Ganche et al.,, 2015). When selecting a target post-grazing sward height a balance between maximising
dry matter intake and maintaining sward quality needs to be achieved. Doyle et al. (2023) reported higher
weight gains in suckler beef animals that grazed to 6 cm compared to 4 cm, and attributed it to higher
dry matter intake across the grazing season. When Costigan et al. (2022) investigated weight gains of
replacement dairy heifers grazed to either a higher (4.5 cm) or lower (3.5 cm) PGSH, on a sward of 1,600
kg DM/ha (>4 cm), higher weight gains were observed when grazing to 4.5cm. O'Riordan et al. (2024) also
reported a post-grazing height of 3.5 cm significantly lowered liveweight gain of beef animals, when
compared to those grazing to S5cm.

Grazing intensity is an important grazing management practice to maintain sward structure and quality;
Tunion et al. (2013) reported increased grazing intensity (< 4.5 cm) is a strategy to maintain high-quality
grass throughout the grazing season. Lower PGSH are easier to achieve when pre-grazing herbage mass is
at the recommended 1,300 — 1,600 kg DM/ha (>4cm; Ganche et al., 2015). Currently a target post-grazing
height of 4 - 5 cm is recommended for dairy-calf to beef systems (Teagasc, 2024).
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Grazing tools and technology

The European Union (EU) is the world’s third largest producer of beef (Hocquette et al.,, 2018). Ireland’s
competitive advantage lies in delivering over 80% of gain from grazed grass. There are a number of key
grazing management tools, which need to be utilised to ensure high quality feed is available for the beef
herd to consume.

Measuring grass and using a tool such as PastureBase Ireland (Hanrahan et al., 2017) helps enhance the
decision making process around grassland management at farm level. At least 20 farm covers should be
completed annually to determine the quantity of grass on each paddock, the average farm cover, and
number of days grass ahead on a given day (Teagasc, 2024).

Spring

In the spring, the target opening average farm cover on beef farms is 600-700 kg DM/ha. As calves are
generally not turned out until mid-May onwards swards, either will have been cut for an early silage
harvest or will have been previously grazed by yearlings. If grazed by yearlings target post-grazing sward
height should be 3.5-4 cm to ensure high quality pastures for subsequent grazing rotations. The spring
rotation planner should be followed to ensure grass supply is correct for the second and subsequent
rotations. Ideally, 33% of the farm should be grazed by March 1%, 66% by March 17" and the first rotation
complete by April 1%t (Kennedy et al., 2016). In order to ensure high quality pasture is available for calves
at turnout a grazing management plan will need to be implemented from the start of the year.

Mid-season

During the mid-season (mid-April to August), the main challenge is to maintain sward quality. A rotation
length of 18-21 days is required to maintain pre-grazing covers of 1,300-1,600 kg DM/ha and a post-grazing
sward height of 4-5 cm. The grass wedge is mainly a mid-season grazing management tool (Macdonald et
al., 2010). It indicates the amount of grass on a farm and its relationship to livestock demand. The grass
wedge is generated from weekly pasture cover estimations and allows informed decision making around
the implementation of grassland management strategies such as removing pasture surpluses when there
is an excess, or reducing demand by introducing supplementation when pasture is in deficit (Hanrahan
et al., 2017). Using a grazing wedge enables U.S. beef producers to maintain forage in a vegetative state,
improving both forage quality and production (Sexten, 2014).

Autumn

In autumn shorter days will see grass growth rates start to drop off, but with silage ground coming
back into the grazing platform this will help extend grazing rotations. Planning for the following spring,
begins during the previous autumn. The target closing farm cover is 450-600 kg DM/ha for dairy-beef and
the autumn 60:40 planner should be used to close the farm and to continue grazing until at least mid-
November, when grazing conditions allow (Teagasc, 2024).

Using grass to improve weight gain during the first year

Grass can be digested as efficiently by calves as by the mature animal (Gleeson, 1971). High quality
pasture can be a major component of the diet from three weeks of age and the sole feed from eight to
ten weeks of age if moderate weight gains are desired, however supplementary feeding may be necessary
until 12 — 14 weeks of age (Gleeson, 1971).

Milk feeding at pasture

Keane and Harte (1982) reported that calves grazing grass (>14-15 weeks old) compared to those housed
indoors grew at a faster rate when unsupplemented, but there was no difference in liveweight gain when
supplemented (as would be the case in practice). Keane (1982) investigated feeding milk and supplements
at pasture to 14-15 week old calves and reported a trend towards an increase in response to milk and a
decrease in the response to concentrates with increasing level of feeding. This work suggested the most
cost-effective strategy for supplementing grass-fed calves might be a continuation of milk feeding at a
low level during the early period on grass followed by a gradual replacement of milk by concentrates
as the calves get older and their dry matter intake capacity increases. Gleeson (1971) also suggested a
response to feeding milk at pasture; calves weaned onto an all-grass diet at an early age (six-weeks) had
a lower rate of liveweight gain than calves fed skim milk or concentrates for longer periods in addition to
grass. The value of pasture in the diet of the young calf depends on its value as a replacement for skim
milk, concentrates and hay (Gleeson, 1971).

However, if turning calves out to pasture at an early age caution needs to be exercised. Gleeson and
O’Brien (2012) reported that turning calves outdoors at 38 days old had an initial negative effect on
calf performance, which may have been due to the reduction in concentrate intake and the inclement
weather conditions that prevailed at turnout. Muir et al. (2000) also demonstrated an improvement in
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performance with calves remaining indoors until 10 weeks of age on ad libitum concentrates compared
to calves turned out to grass at four weeks on a restricted concentrate intake. However, where calves
were turned out to grass at three-weeks of age and were provided with shelter from wind and rain
they were healthier and less incidences of mortality occurred Conneely et al. (2011). Whalin et al. (2022)
reported that when given a choice, calves spent less time outdoors as rainfall increases. Where calves
were growing well and reared outdoors Conneely et al. (2011) reported higher weight gains during the pre-
weaning period and at 10-weeks post-weaning.

Research at AFBI Hillsborough (Morrison et al., 2010) also examined the rearing of spring born calves
outdoors from two weeks of age and reported calves reared outdoors performed equally well to those
housed indoors and there was evidence of a reduced incidence of scour and pneumonia. They also
reported the requirement for the provision of a clean, dry, bedded shelter within the grazing paddock
as a key component to this rearing system and the inspection of calves for signs of ill health being
paramount. Regardless of rearing system typically, calves should achieve 100 kg liveweight at 12 weeks
(Muir et al., 2000).

Transitioning to a pasture based diet

When there is sufficient high quality grass available calves should continue to receive 1 kg/day of
concentrate and have access to roughage (straw) for the first three weeks of the grazing season to ease
the transition onto a grass diet, after which supplementation can cease (Byrne et al., 2024).

Where pasture quality is high there is no benefit to feeding supplements to calves after 13-weeks of
age; on poorer quality pastures there is a greater response to supplements when fed after 13-weeks
of age (Walshe et al., 1971). Hodgson (1968) observed that a close linear relationship existed between
digestibility and herbage intake by grazing calves, suggesting that young ruminants are more sensitive
to changes in diet digestibility than adult ruminants. Gleeson (1971) also observed a decline in grass
intake when feed quality deteriorated. Age at weaning onto an all-grass diet had no effect on grass intake
in the latter half of the grazing season (Gleeson, 1971). Calves weaned at 13 — 16 weeks to an all-grass
diet have satisfactory weight gains without supplementary feeding (Gleeson, 1971). Similarly, Byrne et al.
(2024) found no benefit from supplementing February-born calves with concentrates throughout their
first grazing season, when grazing high quality pasture. Due to declining pasture quality in the autumn,
the reintroduction of concentrates from mid-September until housing helped maintain energy intake of
calves.

As outlined previously calves should be offered high quality, leafy pasture throughout the grazing season.
While a pre-grazing herbage mass of 1,200 kg dry matter (DM)/ha (>4cm) can be offered early in the
grazing season this should increase to 1,300-1,600 kg DM/ha as calves become more accustomed to
grazing. If possible calves should be offered silage aftermath as these swards have the longest ‘rest’
period, and the lower the pasture larval burden will be when it is grazed next (Stromberg and Averbeck,
1999) but post-grazing height should only be to the height swards were cut for silage (e.g. 5cm) to prevent
the calves having to graze poorer quality stubble. Forbes et al. (2000) reported a reduction in grazing time,
and consequently reduced feed intake and liveweight gain, in grazing cattle infected subclinically with
parasitic nematodes. During the grazing season it is advised to monitor parasite burden through faecal
egg counts and follow a targeted parasite control plan, developed with a veterinary practitioner (AHI,
2021).

The target average daily live weight gain (ADG) during the first grazing season for calves is 0.7 to 0.8 kg,
resulting in a housing weight of approximately 200 kg for heifers and 230 kg for steers. Costigan et al.
(2022) reported that post-weaning growth rate of replacement dairy heifers had a greater influence on
live-weight and linear body measurements throughout the rearing period compared to that of weaning
age. Consequently, it is imperative that a sufficient quantity of high quality herbage is offered to ensure
optimal weight gains during the first grazing season are achieved. Costigan (2021) reported the dry matter
intake of replacement heifers was approximately 2.2 % of liveweight.

Multispecies swards

As outlined above, dairy-beef calves must achieve their target ADG during the first grazing season to
maximise carcass gain, meat yield and overall economic viability of these animals. This is achieved by
offering high quality pasture from the post-weaning period onwards. Typically, in temperate regions,
perennial ryegrass (PRG; Lolium perenne L.) is the most commonly sown species, with the potential to grow
up to 15 tonnes of DM per year of a highly digestible forage over a minimum 10-year period at a low cost
for livestock farmers (O’'Donovan et al., 2011). However, swards of PRG are highly dependent on chemical N
for growth, which has a negative impact on ground water quality and gaseous emissions. Nitrogen is also
one of the most expensive input costs in a grass-based system (Wall et al., 2014). One of the key factors
in addressing the sustainability challenges associated with ruminant livestock production is reducing
reliance on inputs of chemical fertilisers. Therefore, in recent years there has been a renewed interest in
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botanically diverse swards (containing PRG, clover (red and white; Trifolium repens and Trifolium prantense),
and, herbs (plantain and chicory; Plantago lanceolate and Cichorium intybus)) for their environmental and
productivity benefits (Khan et al., 2023). At reduced N application rates, clover and herb rich (multispecies
sward; MSS) pastures can achieve similar or greater DM production (Moloney et al., 2020), and have
superior sward nutritive values compared to PRG monocultures (McClearn et al., 2019; Grace et al., 2019).

A recent study at Teagasc, Johnstown Castle (Fitzpatrick et al., 2024), concluded that dairy-beef heifer
calves consuming MSS swards, had significantly greater ADG (+ 0.17 kg/day) during the first grazing
season compared to calves consuming PRG or CLOVER pastures (Table 3).

Table 3. Effect of pasture treatment on live weight gain of dairy-beef heifers from pasture, managed
on PRG-only swards (PRG), PRG plus red and white clover swards (CLOVER), and multispecies swards

(MSS)

PRG CLOVER MSS SEM Significance
ADG (kg/day)
1% grazing season 0.612 0.62? 0.79° 0.052 ok
1st winter 0.65 0.65 0.68 0.031 NS
27 orgzing season 0.812 0.92° 0.87° 0.019 ok
Lifetime 0.742 0.78° 0.79° 0.010 o

ISEM = standard error of the mean. NS = not significant (P>0.05); ** P<0.01; ™ P<0.001; within rows, different superscripts
means the effects are significantly different
(From Fitzpatrick et al. (2024))

All treatments were offered a similar pre-grazing herbage mass (1,557 kg DM/ha) and grazed to a post-
grazing height of 4.9 cm. The botanical composition of the MSS pasture treatment is outlined in Figure
1, and indicates that the 21% clover content, 25% plantain content and 6% chicory content encouraged
greater levels of DMI and subsequently animal growth for dairy-beef heifer calves consuming MSS, despite
the CLOVER treatment having a similar clover content of 22%. Similarly, Boland et al. (2022) reported that
weaned calves consuming MSS pasture had a greater ADG, compared with calves consuming PRG-only
swards. However, unlike Fitzpatrick et al. (2024), this study found that calves consuming grass-clover swards
also had greater daily weight gains compared with PRG-only swards. The improved animal performance
on more species diverse swards can be attributed to enhanced sward nutritive value encouraging greater
dry matter intake (Handcock et al., 2015; Pettigrew et al., 2017).

BMPRG M Clover M Chicory Plantain ™ Weeds

Figure 1. Composition of the multi-species swards over the grazing season
(From: Fitzpatrick et al. (2023))

Grace et al. (2019), reported that during the post-weaning period, MSS swards had a significantly lower
NDF content compared to grass-clover swards, which resulted in greater slaughter weights for lambs
consuming MSS. McGrane et al. (2023), also determined that increasing pasture diversity with binary
sward mixtures improved lamb performance. The above outlines that MSS and grass-clover swards can
play an important role in improving the performance of young stock in a pasture-based system with
minimal concentrate supplementation. This is reflected in greater overall animal lifetime performance
for dairy-beef animals consuming clover and MSS pastures (Boland et al., 2022; Fitzpatrick et al., 2024).

Byrne et al. (2024), determined that pasture type has a large influence on the financial performance of
dairy-beef heifers, animals which consumed a MSS and a grass-clover diet from the post-weaning period
to slaughter had an additional €100 and €150 net profit/ha, respectively, compared to animals consuming a
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PRG-only diet. The additional ADG observed for calves consuming MSS swards, highlights that a potential
“blue print” for dairy-beef farmers would be to have a proportion of the farm with MSS and the remainder
of the farm with grass-clover swards, to maximise animal production potential. However, further specific
dairy-beef calf investigations are warranted to determine the interaction between sward diversity and
dry matter intake during the first grazing season.

Conclusion

Pasture-based beef production offers a cost-effective, sustainable system for dairy-beef farming, with
grazed grass being the cheapest feed source. Increasing the proportion of pasture in the diet can improve
economic and environmental efficiency. Grazing management practices such as rotational grazing are
crucial for maximizing grass utilization and animal performance. Key factors like pre-grazing herbage
mass (1300-1600 kg DM/ha) and post-grazing height (4-5 cm) significantly impact the growth and intake
of calves, improving their weight gain. Calves weaned to an all-grass diet at 12 weeks can achieve
optimal growth with minimal supplementation, though early access to high-quality pasture and parasite
management is crucial. Proper grazing strategies ensure that dairy-beef calves meet their growth targets,
which is vital for the profitability and sustainability of beef production systems. Offering multispecies
swards, which include grasses, clover, and herbs, can further increase daily weight gains, as shown by
recent studies where dairy-beef calves on multispecies swards outperformed those on perennial ryegrass
or clover-only swards.
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Introduction

As global scrutiny on livestock farming increases, the dairy and beef industries are challenged to improve
sustainability, animal welfare, and resource efficiency. One particular focus is on reducing waste and
delivering high-quality food products while addressing environmental and ethical concerns. Advances
in reproductive technologies provide a promising avenue for improving both the productivity and
sustainability of seasonal-calving dairy systems, which aim to maximize the use of pasture for both milk
and beef production. Innovations in breeding strategies, such as sex-sorted semen and in vitro embryo
production, are increasingly being utilised to improve efficiency and meet industry demands, while also
addressing welfare issues associated with male dairy calves (Ritter et al., 2019; Haskell, 2020).

In temperate regions where pasture-based systems dominate, dairy herds are managed with a seasonal
focus, concentrating calving in late winter and early spring to match the availability of fresh pasture. The
goal is to efficiently convert grazed grass into milk, but this requires optimal reproductive performance
to align the herd’s calving pattern with the seasonal pattern of pasture growth (Butler, 2014). Poor herd
fertility leads to inefficiencies, including wasted grass, increased feed costs, and shorter lactation periods.
Genetic selection indexes to enhance productive and reproductive efficiency in dairy herds, such as the
Economic Breeding Index (EBI) used in Ireland, integrate traits like milk yield, fertility, and beef production.
The EBI's emphasis on fertility has helped improve phenotypic performance, boosting reproductive
efficiency in pasture-based systems (Butler, 2013).

Welfare Concerns and the Role of Sex-Sorted Semen

A significant welfare concern in the dairy industry is the fate of surplus male dairy breed calves, which
often hold little value due to their poor beef traits. This issue is exacerbated in seasonal-calving systems,
where large numbers of male dairy calves are born within a short time frame, leading to market saturation
and ethical concerns regarding their treatment (Crowe et al.,, 2021). One potential solution is the use of
sex-sorted semen, which allows dairy farmers to predetermine the sex of calves with approximately
90% reliability (Holden and Butler, 2018). By targeting the best genetic cows with sex-sorted semen, dairy
farmers can focus on producing high-value dairy female replacements, while using beef semen on the
rest of the herd to improve beef traits and hence calf marketability. The use of sex-sorted semen is
not without challenges, however. Each sex-sorted semen straw contains fewer sperm cells (usually 2
or 4 million) compared with conventional semen straws (usually ~15 million), and the sperm cells in
sex-sorted straws have been exposed to several potentially damaging steps during the sorting process
(Vishwanath and Moreno, 2018).

Field trials evaluating sex-sorted semen

Large-scale controlled field trials have been conducted in Ireland to compare pregnancy per artificial
insemination (P/Al) with sex-sorted semen compared with conventional semen. The first trial was
conducted on dairy cows in 2018, and described in detail by Maicas et al. (2020). At that time, there was
no sex-sorting lab in Ireland, but four bulls owned by Irish breeding companies had been moved to a stud
ator near a sex-sorting lab in other countries. Also at that time, Irish breeding companies were interested
in exploring the possibility of collecting ejaculates from bulls located at studs in Ireland, and sending
only the ejaculate to the sex-sorting lab in a different country. Semen from both resident bulls (i.e.,
located at or near the sorting lab) and shipped ejaculates (i.e., bulls collected in Ireland, and ejaculates
shipped to sorting lab within 6 to 7 h) were included in the study. Ejaculates were split and processed as
either conventional semen (15 m sperm per straw) or sex-sorted (4 m sperm per straw). Al technicians
and herd owners were blind to the experimental treatment, and straws were randomly allocated to cows
after detected estrus. In total, 7,236 insemination events were available for analysis. The main findings
are summarized as follows:

e Overall, pregnancy per Al (P/AI) was greater for cows inseminated with conventional semen than for
those inseminated with sex-sorted semen (59.9% vs. 45.5%; 76.0% relative to conventional semen).

e The study was not designed to compare resident bulls vs. shipped ejaculates, but the magnitude of the
difference between P/AI achieved by conventional semen and sex-sorted semen was apparently less
for resident bulls (60.3% vs. 50.2%; 84% relative to conventional semen) than for shipped ejaculates
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(58.6% vs. 40.7%; 70% relative to conventional semen). Based on this finding, sexed semen should only
be generated using bulls resident close to a sorting lab.

e Therewas a treatment by bull interaction for shipped ejaculates (P/Al ranged from 45 to 86% relative to
conventional semen) but not for the resident bulls (P/Al ranged from 81 to 87% relative to conventional
semen).

e In 33.1% of the enrolled herds, the P/AI achieved with sex-sorted semen was > 90% of the P/AI achieved
with conventional semen; this was mainly explained by herds where sex-sorted semen performed
exceptionally well, but conventional semen performed poorly.

e The findings highlighted large herd variation in both conception rates achieved, and also the relative
difference versus conventional semen. This indicated that farm specific effects warranted further
investigation. One possibility is that decision rules regarding timing of Al 1s better suited to sexed
semen on some farms compared with others.

A second controlled field trial to evaluate the effect of timing of Al was conducted in 2019, and described
in detail by Drake et al. (2020). Semen from 3 resident bulls was used. Ejaculates were split and processed
as either conventional semen (15 m sperm per straw) or sex-sorted (4 m sperm per straw). Enrolled cows
were synchronised using a 10-day P4-Ovsynch protocol. 24 herds participated in the study, and each
provided cows that were parity <4 and >50 days in milk on the scheduled day of Al After enrolment in
the study, cows within each herd were stratified based on parity and days in milk, and randomly assigned
to one of the following 3 treatments:

e Conventional semen at 16 h after the final injection of GnRH (CONT)
e Sexed semen at 16 h after the final injection of GnRH (SEXED-16)
e Sexed semen at 22 h after the final injection of GnRH (SEXED-22)

The total number of cows retained for analysis was 2,175. The average number of cows on each farm was
91 (range 62 to 100). The main findings are summarized as follows:

e Pregnancy per Al was less in both sexed semen treatments compared with conventional semen
(49.0, 51.3 and 61.1% for SEXED-16, SEXED-22 and CONT, respectively). The relative P/Al was 80.3%
and 84.0% for SEXED-16 and SEXED-22, respectively. The two sexed semen treatments did not differ
statistically, suggesting that conducting inseminations anywhere between 16 to 22 h after GnRH likely
encompasses the optimum window for timing of Al with sexed semen.

¢ To increase the reliability of the estimate for P/AI, both sexed semen treatments were combined to
create a single sexed semen treatment. The relative P/AI (i.e., P/Al for sexed semen relative to P/AI for
conventional semen) was calculated, and herds were ranked. A relative P/AI value of 100% indicates
that the P/AI achieved with sexed semen was equal to the P/AI achieved with conventional semen.
The best third of herds had a mean relative P/AI of 100% (range: 91% to 121%). Conversely, the poorest
third of the herds had a mean relative P/AI of 67% (range: 48% to 77%).

e The herds with the poorest relative P/Al achieved good P/AI with conventional semen. This verifies that
the cows were correctly treated during synchronisation to facilitate a high fertility ovulation event. As
the cows in all treatments were balanced for parity and days in milk, and were exposed to the same
nutritional and general herd management, the poor performance achieved with sexed semen was not
due to an inherent fertility problem with the cows. There were three bulls used on the study, and every
herd was allocated an equal proportion of conventional and sexed semen from each bull. Excellent
fertility performance was achieved with sexed semen In the best third of herds, and acceptable
performance with sexed semen was achieved in the best and middle third of herds combined (relative
P/Al = 93%; range 78% to 121%). This indicates that sexed semen per se was not the primary cause of
the compromised fertility performance in the poorest third of herds. This research highlighted the
important effects of straw handling and insemination technique on P/AI when inseminating cows
with sex-sorted semen.

Taking the findings from both studies, extension and advisory activities were undertaken with dairy
farmers through open days and discussion groups highlighting the steps necessary to achieve acceptable
P/Al with sex-sorted semen (summarized in Figure 1).
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Sire and dam choice
Bulls

o

Pick highest EBI bulls available
o Use alarge team of bulls

When to use?

*  First 3 weeks of the breeding season
*  Within first 10 days if possible.

Timing of Al

. 14 to 20 h after heat onset

* Dams Fixed time Al
* Top 50% of herd based on EBI *  Costly, but mitigates risk
& Fidifere *  Facilitates targeted usage of sexed semen on MSD

* Target live-weight and BCS >3.25
s Sydingregiiy Straw handling on day of Al
o Cows .
* Paritylto4
* >50 days in milk on day of Al
* BCS 23.00

* Cycling regularly .

Organise sexed straws into one goblet

*  Thaw 2 sexed semen straws at a time MAX

*  Thaw straws at 35 to 37 °C for 45 seconds

Load straws into pre-warmed Al guns, keep warm.
* No postpartum disorders or uterine disease | »

Deposit semen in uterine body

*  Complete inseminations within 5 mins

Figure 1. Extension messages for dairy farmers outlining the key strategies to maximise pregnancy success when
using sex-sorted semen

Field fertility performance of sexed semen in dairy herds during the 2022 breeding season was examined
by the Irish Cattle Breeding Federation (M. Kelleher, personal communication). The analysis compared P/
Alwith conventional semen (304,335 insemination events) versus sex-sorted semen (35,701 insemination
events). Across all insemination events, the mean P/AI was approximately similar for Al events that used
conventional and sex-sorted semen (57.4% vs 56.7%, respectively; relative P/AI = 98.8%). Of note, the use
of sex-sorted semen was preferentially targeted on younger dams, dams with greater EBI and lactating
cows with a longer interval from calving to Al. Adjusting for these effects in a statistical model, the mean
P/Al remained similar (63.1% vs 60.2%, respectively; relative P/AI = 95.4%). This indicates that acceptable
fertility performance is now being achieved with sex-sorted semen on commercial dairy farms in Ireland.
The estimated total use of sex-sorted dairy semen has increased markedly in recent years, and this trend
1s expected to continue in the years ahead (Figure 2).
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Figure 2. Estimated use of sex-sorted semen in 2021 (blue), 2022 to 2024 (green) and projected use in 2025 and
2026 (green hatched)

At the present time, sex-sorted semen must be used under optimal conditions, including strict adherence
to insemination protocols (Drake et al., 2020). As sorting technologies improve, it is expected that the
fertility gap between sex-sorted and conventional semen will diminish, further increasing the appeal of
this technology (Maicas et al., 2020).

Enhancing the Dairy-Beef Sector

The integration of beef production into dairy herds is becoming an increasingly attractive option as more
dairy farmers use sex-sorted semen to produce replacement heifers. With fewer dairy males born, there
is an opportunity to use beef semen on all cows that are not required to generate replacement calves,
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improving the value of the calf crop. Dairy-beef crosses typically command higher prices and offer better
beef characteristics, which makes them more desirable to beef farmers (Berry et al., 2019). This approach
not only increases the financial returns for dairy farmers but also addresses some of the welfare concerns
associated with male dairy calves, as these crossbred calves are easier to market (Crowe et al., 2021Db).

Genetic Gain through Assisted Reproductive Technologies

Assisted reproductive technologies (ARTs), such as multiple ovulation embryo transfer (MOET) and in
vitro embryo production (IVP), offer significant potential for accelerating genetic progress in both dairy
and beef herds. The MOET method involves stimulating elite dams to ovulate multiple oocytes, which
are then fertilized in vivo and allowed to develop for one week; the embryos are non-surgically collected
seven days later and transferred to recipient dams. The IVP method involves transvaginal oocyte pick-
up, in vitro maturation for 24 h, in vitro fertilization (IVF), and embryo culture in vitro for seven days and
transfer to recipient dams. For both MOET and IVP, embryos can be frozen at the blastocyst stage for
later on-farm thawing and transfer. Both methods enable the production of embryos from elite animals,
offering flexible tools for breeding programs and allowing for the rapid dissemination of superior genetics
(Sirard, 2018).

The widespread use of sex-sorted semen in dairy herds to generate replacement offspring could hinder
the rate of genetic gain as a result of a marked reduction in the births of elite genetic merit male dairy
calves. In addition, there will be a greater requirement for semen from beef breed bulls that are suitable
for crossing with dairy dams to generate the non-replacement calves. The use of ARTs on elite genetic
merit dams in both dairy and beef breeds can be harnessed to accelerate genetic gain for both dairy traits
(replacement offspring) and beef traits (non-replacement offspring). Moreover, the ability to control the
sex ratio of offspring through use of sex-sorted semen allows breeding companies and elite breeders to
target specific production goals in both dairy and beef cattle.

Theresults of alarge controlled field trial to compare pregnancy success and pregnancy losses in cows that
received timed Al or timed embryo transfer (ET) was recently reported (Crowe et al., 2024). The study aimed
to compare fertility outcomes in seasonal-calving, pasture-based lactating dairy cows following timed
artificial insemination (Al) versus timed ET using fresh or frozen in vitro-produced (IVP) embryos from
either dairy or beef breeds. A total of 1,106 cows were enrolled, with 863 receiving ET and 243 undergoing
Al Oocytes were collected from live elite dairy and beef donors weekly (without exogenous gonadotropin
stimulation), as well as from commercial beef heifers (post-slaughter). The study reported that pregnancy
rates on day 32 were similar between Al (48.8%) and ET (48.9%), but significantly less for cows receiving
frozen embryos (41.6%) compared with fresh embryos (56.1%). Pregnancy loss between days 32 and 62
was significantly greater for ET (15.1%) than Al (4.7%). Of note, serum progesterone concentrations on
day 7 (i.e., the day of ET or 7 days after Al) were positively associated with pregnancy success; the cows
in the quartile with the greatest progesterone concentrations had the greatest pregnancy rates. Overall,
the study concluded that while ET can achieve pregnancy rates comparable to Al, especially with fresh
embryos. The increased incidence of embryonic loss with ET, particularly with frozen embryos, poses a
challenge for maximizing reproductive efficiency in dairy herds.

Despite their promise, ARTs face several practical challenges in seasonal-calving systems. One key issue
is seasonal calving systems is the restricted availability of recipient cows, as the timing of embryo transfer
must align with the fixed breeding season. Additionally, there is still room for improvement in the success
rates of frozen-thawed IVP embryos, as pregnancy loss was greater for embryos that were cryopreserved
compared with embryos that were transferred fresh (Sanches et al.,, 2016). Continued advances in these
technologies are likely to drive greater adoption in the future, particularly as the economic benefits of
using ARTs become more apparent.

Commercial Beef Embryos

One potential avenue to improve the beef traits and economic value of non-replacement dairy calves
would involve the transfer of mass-produced IVP beef embryos (offspring >75% beef breed genetics)
instead of using beef Al (offspring 50% beef breed genetics). By transferring beef embryos into dairy cows,
farmers could produce high-quality beef calves while maintaining dairy production (Crowe et al., 2021).
Currently, however, there are several barriers to the uptake of this strategy:

e in seasonal calving systems, the embryos would need to be available at the start of the seasonal
breeding season (mid-April to early May), which would necessitate stockpiling frozen IVP embryos to
ensure sufficient supply (increased risk of poor fertility);

e ovaries collected post-slaughter from beef breed and dairy-beef cross dams could be used as an
inexpensive and high-throughput source of donor oocytes. Current regulations regarding the use
of oocytes and embryos in cattle reproduction in Ireland require veterinarian verification of both
the herd health status during the previous 12 months (free of tuberculosis and infectious bovine
rhinotracheitis) and absence of clinical signs of disease in the individual donor females on the day
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of oocyte collection. It is not unusual for beef heifers to be located on more than one herd during the
final year of their life, which may include a herd designated as a Controlled Finishing Unit (or “feed-
lot” herd) during the final phase before slaughter. Hence, verification of the health status of beef heifer
oocyte donors is a current barrier to this approach.

e the cost of an IVP embryo (even if mass produced) will be a multiple of the cost of an Al straw;

* embryo transfer requires more training and expertise than conducting Al and is also a slower process,
resulting in greater cost to transfer an embryo compared with the cost of conducting Al

Collectively, these problems will delay widespread uptake of commercial beef embryos, but it may be
feasible in the future.

A role for a beef nucleus herd

A nucleus herd is essentially a closed population of genetically superior animals, maintained with the
primary objective of accelerating genetic improvement and disseminating elite genetics to commercial
herds. The use of advanced reproductive technologies such as IVP and MOET further enhances the genetic
gain by increasing the number of offspring from the best animals (Crowe et al. 2021).

Concentration of Superior Genetics

One of the primary advantages of a nucleus herd is the concentration of superior genetics. By carefully
selecting animals with desirable traits—such superior growth rate, carcass weight and carcass
conformation—a nucleus herd allows intense focus on the most genetically valuable individuals. This
concentrated selection is crucial for maximizing genetic gain, as it allows for more accurate identification
and propagation of elite genes. The rate of genetic gain in nucleus herds can be significantly greater than
in conventional breeding programs, owing to the focused selection pressure and controlled breeding
environment.

Accelerated Genetic Progress through Assisted Reproductive Technologies

The integration of assisted reproductive technologies (ART), such as IVP and MOET, in nucleus herds plays
a critical role in accelerating genetic progress. These technologies can be paired with sex-sorted semen
(X orY) to allow rapid multiplication of elite genetics, and enable breeders to produce a large number of
offspring with the desired sex from a single dam (and potentially multiple sires) within a short period
(Butler et al. 2023). The MOET and IVP techniques can be harnessed to increase the speed of genetic gain
and allow rapid dissemination of these superior genetics.

Genetic Diversity and Risk Management

Another advantage of a nucleus herd is the potential to manage genetic diversity and reduce inbreeding.
While the goal is to concentrate elite genetics, it is equally important to maintain genetic diversity
to avoid inbreeding depression, which can lead to reduced fertility, lower productivity, and increased
susceptibility to diseases. Nucleus herds facilitate controlled breeding and the strategic introduction of
new genetics from outside the nucleus, thereby managing the risk of inbreeding. This balance between
genetic gain and diversity ensures long-term sustainability of the breeding program.

Conclusion

Reproductive technologies, such as sex-sorted semen, MOET, and IVP, are transforming how seasonal-
calving dairy herds manage both dairy and beef production. These technologies enable farmers to
enhance genetic progress, improve the economic value of their calf crop, and address critical welfare
concerns associated with male dairy calves. While challenges remain, particularly in the implementation
of ARTs in seasonal-calving systems, ongoing research and technological advancements are likely to
further improve the efficiency and sustainability of both dairy and beef sectors. In an era of increasing
scrutiny on the environmental and ethical impacts of livestock farming, the use of these technologies
represents a crucial step towards more sustainable and responsible animal production systems.

Acknowledgements

The authors thank the herdowners and farm staff in the herds where some of the original research
outlinedin this manuscript was conducted. The authors’ work is funded by the Teagasc Walsh Scholarships
Programme, The Department of Agriculture, Food and the Marine (Dublin, Ireland) Research Stimulus
Fund (155732 and 2021R665), Science Foundation Ireland (Grant 16/1A/4474) as well as funding from a
research grant from Science Foundation Ireland and the Department of Agriculture, Food and Marine
(Grant 16/RC/3835; VistaMilk). Funding from the Dairy Levy Trust (Dublin, Ireland) and FBD Trust (Dublin,
Ireland) is gratefully acknowledged.

Page 73



Teagasc | Dairy Calf-to-Beef Conference 2024
References

Berry, D.P,, Amer, PR, Evans, R.D,, Byrne, T., Cromie, A.R., Hely, F. (2019). A breeding index to rank beef bulls for use
on dairy females to maximize profit. Journal of Dairy Science, 102:10056-10072.

Butler S.T. (2013). Genetic control of reproduction in dairy cows. Reproduction Fertility and Development 26(1):1-11.

Butler, S.T. (2014). Nutritional management to optimise fertility of dairy cows in pasture-based systems. Animal
8:15-26.

Butler ST, Crowe AD, Moore SG, Lonergan P. Review: Use of assisted reproduction in seasonal-calving dairy herds.
Animal, 17 Suppl 1:100775.

Crowe, A.D, Lonergan, P, Butler, S.T. (2021). Invited review: Use of assisted reproduction techniques to accelerate
genetic gain and increase value of beef production in dairy herds. Journal of Dairy Science, 104:12189-12206.

Crowe AD, Sanchez JM, Moore SG, McDonald M, Rodrigues R, Morales MF, Orsi de Freitas L, Randi F, Furlong J,
Browne JA, Rabaglino MB, Lonergan P, Butler ST. (2024). Fertility in seasonal-calving pasture-based lactating
dairy cows following timed artificial insemination or timed embryo transfer with fresh or frozen in vitro-
produced embryos. Journal of Dairy Science, 107(3):1788-1804.

Drake, E., Holden, S.A., Aublet, V,, Doyle, R.C,, Millar, C., Moore, S.G., Maicas, C., Randi, F,, Cromie, A.R., Lonergan, P,
Butler, S.T. (2020). Evaluation of delayed timing of artificial insemination with sex-sorted sperm on pregnancy

per artificial insemination in seasonal-calving, pasture-based lactating dairy cows. Journal of Dairy Science,
103:12059-12068.

Haskell, M.J. (2020). What to do with surplus dairy calves? Welfare, economic, and ethical considerations.
Landbauforschung, 70:45-48.

Holden, S.A., Butler, S.T. (2018). Review: Applications and benefits of sexed semen in dairy and beef herds. Animal
12, s97-s103.

Maicas, C., Holden, S., Drake, E., Cromie, A., Lonergan, P, Butler, S.T. (2020). Fertility of frozen sex-sorted sperm at
4 x 10° sperm per dose in lactating dairy cows in seasonal-calving pasture-based herds. Journal of Dairy Science
103, 929-939.

Roche, J.R., Berry, D.P, Delaby, L., Dillon, P.G., Horan, B,, Macdonald, K.A., Neal, M. (2018). Review: New considerations
to refine breeding objectives of dairy cows for increasing robustness and sustainability of grass-based milk
production systems. Animal 12, s350-s362.

Ritter, C., Beaver, A., von Keyserlingk, M.A.G. (2019). The complex relationship between welfare and reproduction in
cattle. Reproduction in Domestic Animals 54 Suppl 3:29-37.

Page 74



The Dairy Beef Gene Ireland programme as a driver of
the Dairy Beef Index and Commercial Beef Value in the

Irish Dairy Beef industry

N. Kilrane?, R. Evans?, M. Kelleher' and D. Berry?

!Irish Cattle Breeding Federation (ICBF), Link Road, Ballincollig, Co. Cork; ?Teagasc, Animal & Grassland Research and
Innovation Centre, Moorepark, Fermoy, Co. Cork

Corresponding author: Niall Kilrane. Email: nkilrane@icbf.com

Summary

Genetic Improvement: the Dairy Beef Gene Ireland (DB GI) breeding programme was established in 2015.
The programme focuses on progeny testing young genomic high Dairy Beef Index (DBI) sires on dairy
cows. The use of these sires then contributes to the generation of calves that, on average, rank highly on
the Commercial Beef Value (CBV). By selecting and testing young genomic bulls, the programme ensures
that the most profitable genetics are used, leading to more efficient and profitable beef production
without compromising calving difficulty and gestation length.

Sustainable Practices: The programme is designed to enhance sustainability within the dairy and beef
sectors. It encourages the use of sires that contribute to heavier carcasses for age and improved feed
efficiency while maintaining ease of calving and shorter gestation periods both of which are critical for
dairy herd management.

Farmer Participation: Dairy farmers participating in the programme have access to a panel of forty
carefully selected high DBI young bulls. This allows farmers to improve the beef output of their dairy
herds, making the most of both dairy and beef production systems.

Collaboration and Data Collection: The programme involves collaboration among various industry
stakeholders, including bull breeders, Al companies, meat processors and research institutes. Data
collected all along the supply chain are used to refine breeding strategies and accelerate genetic gain of
the national herd.

Introduction

The Dairy Beef Gene Ireland Programme (DB GI) is a pioneering initiative aimed at enhancing the genetic
merit of beef cattlein Ireland, specifically targeting the intersection of dairy and beef production. Launched
by the Irish Cattle Breeding Federation (ICBF) in 2015, this programme is designed to identify and promote
the use of elite genetics through sires being mated to dairy cows. By focusing on balancing traits that
improve carcass quality without a concomitant increase in calving difficulty, the programme plays a
direct role in driving farmer engagement and subsequently boosting the profitability and sustainability
of Ireland’s dairy and beef sectors.

Dairy Beef Gene Ireland Breeding Programme (DB GI)

At the core of DB Gl is the annual selection and progeny testing of a panel of young genomic Al sires that
should excel genetically for beef production. These sires are carefully selected based on their genetic
merit, with particular attention given to traits such as calving difficulty, gestation length and beef
performance; these bulls are then purchased by participating AI companies.

The programme not only benefits dairy farmers looking to maximise the value of their dairy-beef calves,
but also supports beef finishers and meat processors by ensuring a consistent production and supply
of high Commercial Beef Value (CBV) beef animals. The CBV is a new tool which provides beef finishers
an insight into the genetic merit of individual animals for beef characteristics. A key aspect of the DB
GI programme is that participating dairy farmers are allocated a pack of straws typically containing
four bulls with a minimum of ten straws per bull. This ensures that the subsequent calf crop are from
a mixture of sires in each GI herd which is very important to ensure accurate and unbiased genetic
evaluations once the sire is proven and returned to a full commercial Al service. The average pack size
per herd is 35 straws.

Through deep collaboration with Al companies, farmers, meat processors and research institutes,
the DB GI Programme continuously gathers data and refines its strategies, ensuring that it remains
at the forefront of genetic advancement in the livestock industry. At the core of this collaboration is
the ICBF database. Data collated and utilised includes insemination data, calving records, growth rate
and subsequent carcass data including meat eating quality. A subset of the animals are also reared
on programme partner research farms where they are assessed for methane production at grass and
ultrasonically scanned to determine optimal age at finish. Finally, a cohort of these animals are sent to the
ICBF Tully Test Centre each autumn to record data such as feed intake, water intake, methane emissions
and meat eating quality, which are captured indoors on a finishing diet; 600 animals annually go through
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the Tully Test Centre. All this data is assembled in the ICBF database where some of it is currently used
in the evaluations and some is assembled for use in future new traits or for index validation purposes.

The rapid return of the best of the Gene Ireland proven sires for wider Al usage ensures an increased rate
of genetic gain since they are often used by bull breeders to produce the next generation of Al sires. Some
key metrics relating to DB GI are in Table 1.

Table 1. Dairy Beef Gene Ireland Statistics

Years in operation 10
Progeny test herds 2024 600
Average cow herd size 2024 150
Straws distributed per year 21,000
Average straws per herd 35
Straws distributed per sire 500
Bull testing capacity per annum 40
Average number of calves per 500 straws 200
Total AI Sires tested to date 258
Total progeny of these Al sires 664,085
Total progeny of these Al sires in Tully 1,276
Dairy Beef Index

The dairy beef index (DBI) is a critical tool within DB GI. It is an index designed to rank beef bulls based
on their suitability for use in dairy herds where the resulting progeny are intended for beef production.
In order for a bull to be considered eligible for inclusion on the DB GI panel, he must be in the top 20%
across breed on the DBI. The DBI includes several key traits that are essential for both dairy and beef
production systems.

Listed below are the main traits within the DBI (relative emphasis in brackets):

e Calving difficulty (18%): the expected incidence of direct calving difficulty. It is a crucial trait to
minimise calving difficulties, especially important in dairy cows.

e Gestation length (12%): Shorter gestation lengths are preferred as they can lead to more efficient
reproductive cycles in dairy herds, allowing cows to return to milk production sooner.

e Carcass weight (24%): This trait assesses the potential weight of the animals at slaughter (for a
common age), which directly impacts the economic return for beef producers. Heavier carcasses for
the same age (i.e., carcass growth) are generally more desirable.

e Carcass conformation (7%): This trait measures the shape and conformation of the carcass which
affects the market value. Better conformation typically leads to higher prices in the market.

* Feed intake (16%): This trait evaluates the gross intake of feed in the animal in the finishing period.
Lower feed intake coupled with better carcass growth rate is desirable to reduce costs and improve the
sustainability of beef production.

e Age at finish (7%): This trait reflects the relative number of days for an animal to be finished for
slaughter. A shorter age at finish is beneficial as it, on average, improves farm efficiency and reduces
the time and resources needed per animal.

e Carbon (7%): This trait reflects the carbon cost associated with raising the animal. Lower carbon
emissions are increasingly important as agriculture strives to meet environmental sustainability
targets. Selecting for bulls that contribute to lower carbon outputs can help reduce the overall
environmental impact of beef production.

* Docility (2%): This trait reflects the temperament of the animal. Calmer animals are easier to manage
and handle, reducing stress and improving welfare and safety on farms.

The use of the DBI allows dairy farmers to select sires that will produce offspring with a balanced mix
of desirable characteristics for both calving and subsequent beef production, optimising overall farm
profitability and sustainability. As with all breeding indexes, it is critical that farmers understand and
focus on the individual traits within the overall index to achieve changes in the traits that they want to
improve in the next generation. In the case of the DBI, where farmers want to produce a valuable beef
calf with a high CBV, then they should focus on the beef traits within the overall DBI. The importance of
this message is displayed in Table 2 below where two Al sires with similar DBIs but very different sub-
indexes are compared to each other. Bull A is likely to produce calves with higher a CBV than Bull B but
with only a slight increase in expected calving difficulty. However, Bull B still has a role potentially for use
on cows with a history of calving problems or on maiden heifers.
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Table 2. Comparison of two Al sires with similar DBI but different sub traits

Bull A - High DBI & High Beef Sub-

Trait

Bull B - High DBI & Low Beef Sub-

Index Index
Angus Breed Angus
1,037 Progeny 2,349
€164 DBI €165
€129 Beef Sub Index €82
€33 Calving Sub Index €72
3.4 Calving difficulty % 2.3

Commercial Beef Value

All genotyped commercial calves are assigned a CBV atbirth. Through the National Genotyping Programme
(NGP) and the Suckler Carbon Efficiency Programme (SCEP) over 700,000 calves have been genotyped so
far in 2024. Beef finishers buying animals are now in a position to make more informed purchasing
decisions. This will allow them to be more discerning in their purchasing price by using the CBV as the
guide to future profit potential of a group of calves. This exciting new addition to the suite of information
tools available to Irish herdowners will build real engagement with beef finishers who heretofore may
have had little direct contact with ICBF as they were not in the business of breeding animals.

Listed below are the main traits within the CBV (relative emphasis in brackets):
e Carcass weight (35%)
* Feed intake (24%)

e Factory spec (12%): this trait predicts the percentage of progeny expected to meet market requirements
in terms of carcass weight, age and conformation.

e Carcass conformation (11%)
e Age at finish (10%)

e Carbon (7%)

e Docility (1%)

In order to compare the performance of high CBV and low CBV animals, those slaughtered in 2023 from
two large commercial farms were chosen. The purpose of choosing this time period was to allow a full
year and retrospective analysis of these animals which were purchased, finished and slaughtered in a
commercial setting with no prior sight of the CBV. In Herd A that finished 600 suckler bred bulls there was
a difference in average factory price of €428 in favour of the top 10% when ranked on CBV (Table 3). The
equivalent figure in Herd B which finished 1,016 Dairy Beef steers was €463 (Table 4).

Table 3. Herd A: Suckler bulls slaughtered in 2023

CBV A Income
Top 10% (n=60) €357 14 423 5.80 €2.,452 €498
Bottom 10% (n = 60) €203 17.1 372 5.43 €2.024

Table 4. Herd B: Dairy beef steers slaughtered in 2023

CBV |A o
Top 10% (n=108) €165 24 353 531 | €1,878 | oo
Bottom 10% (n = 108) €34 23.3 278 5.08 | €1,415

Using the DBI to breed profitable beef animals
Herdowners can access the ICBF indexes by logging into their account at www.icbf.com.

To effectively apply them to their herd, a herdowner must address the two questions below:

What are the strengths and weaknesses of my females?

Assess the genetic merit of your females on the traits of importance for your system. The ICBF HerdPlus
Economic Breeding Index (EBI) profile (Figure 1) provides a snapshot of the herd average EBI, milk, fertility,
beef and calving interval (fertility) estimates of genetic merit. Further investigation can easily break this
down by parity or even the individual cow level. The report also shows the average EBI breakdown of
their herd compared to the national herd. In the case of a herdowner trying to breed high CBV calves they
should be aware of the beef merit of their cowherd.
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Scorecard (Jul 2024) m National Average | Top 10% | Herd % Rank | Star Rating

Herd EBI €226 €180 €231 90% A hRh
Milk €46 €53 €69 43% * **
Fertility €118 €78 €11 96% *h kR
Carbon €15 €7 €14 88% *h kR
Calving €37 €32 €41 79% * * * *
Beef €-1 €-7 €0 29% * *
Maintenance €17 €13 €20 75% *h kR
Management €0 €1 €2 13% *
Health €5 €6 €9 27% * %

Figure 1. Example of the HerdPlus EBI herd profile

Am I selecting sires that are going to improve the traits required?

In the case of dairy farmers trying to produce high CBV calves, they should look at the Beef Sub Index
within the overall DBI. The example displayed below (Figure 2) is a beef Al bull with a high Beef Sub Index
balanced with an acceptable level of calving difficulty as displayed on the Animal Search facility on the
ICBF website.

Index Euro PTA Rel
Rank (across all breeds)

Calving difficulty |

- Risk of Dairy Heifer CDiff: High |

- Dairy Heifer Calving Difficulty (%) 1.9 32% - Better
- Dairy Cow Calving Difficulty (%) 48 42% [ | Better
Gestation Length (days) 3.06 89% ] Better
Value of Calving Sub-Index €31 60% [ | Better
Feed Intake (ko) 084 40% R etter
Carcss i k) I
Carcass Fat (scale) ~0.52 48% s Better
Carcass Conformation (scale) 296 66% - setter
Age at Finish (Days) 345 56% ] Better
Value of Beef Sub-Index €214 61% i setter
Valu of Carbon Sub-lndex €13 e

Btm 1% Btm 10% Btm 20% Btm 30% Btm 40% Avg Top 40% Top 30% Top 20% Top 10% Top 1%

| * | * | * k& | L 8 8 8 4 | Thkhk |
Figure 2. Example of a high Beef Sub Index bull

Using the CBV to identify profitable beef animals for finishing

The publication of a CBV on a large population of animals now enables herdowners to make more informed
decisions on their beef finishing systems. These can be broadly broken down into two categories:
Herdowners making a decision on animals they own already

The significant costs and low margins associated with finishing beef animals means that any tool that
can aid the decision to finish or sell live can have a significant impact on farm profitability. Herdowners
that want to see the CBV of their own animals can log into their ICBF account and the profile as displayed
below (Figure 3) will allow them to rank their animals on CBV and sort by animal type and sex.
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ion.

Birth Geno Sire eno

Animal Number Breed = e =
ass

AA(5U%) Mo

tar
Breed ankin
Type cross
e
*rw

23FEB-24 IE301440280008  372224716621200 Dairy x Beef

2079 372214864132979

52989 372214864152989 M((SZZDQ)HO 25-FEB-24 [} IE241435531628  372224716651178 Y Y Dairy x Beef 142 I 2 64 042 -10 0.09 o

2968 372214864192968 Mz;z;::ino 17-FEB-24 F 372214864142600  372224716641292 Y Y Suckler 142 *x * 55 028 7 027 016

Figure 3. Example of the HerdPlus CBV herd profile

Herdowners that wish to purchase animals for finishing

Approximately 1.8 million animals are traded in approximately 90 Irish marts annually. Historically
buyers had no insight of the genetic merit of the animals and had to rely on limited data like date of
birth and weight to make their purchasing decision. With the arrival of the CBV on the mart boards, as
displayed in Figure 4, these critical actors in the beef industry now have a powerful tool at their disposal
to enable them to identify the animals most likely to be profitable for their business.

Lot No 2 No in Lot 1
Avg Wat 415 KG Export R
DoB (0O) 25/10/23 QA YES
Owners 1
Sex Y| Days In Herd 293
B 30/03/24 Herd-TB 30/03/24

Breed LMX(1)
Dam Breed LMX(1)

ICOf Commi BeetVaive | Suckler | (Genomic Evall

0778 €266

Figure 4. Example of the CBV displayed on a mart board

Conclusion

The DB GI programme has significantly advanced the genetic merit and efficiency of beef production
within the Irish dairy industry. By utilizing the DBI and CBV, the programme has effectively balanced
the improvement of beef traits with the maintenance of essential dairy characteristics, such as calving
difficulty and gestation length. This targeted genetic approach has enabled dairy farmers to enhance
the beef output of their herds while contributing to sustainability through improved feed efficiency and
reduced carbon emissions.

The programme’s success is rooted in its collaborative framework, involving farmers, Al companies,
processors and research institutes. This ensures that breeding decisions are data-driven and validated.
The introduction of the CBV has been particularly impactful, providing beef finishers with critical
information to make informed purchasing and management decisions, thereby boosting profitability
across the supply chain.

In conclusion, the DB GI programme exemplifies how a strategic breeding programme underpinned by
comprehensive data collection and industry collaboration, can drive sustainable advancements in both
dairy and beef production. As it continues to evolve, the programme is poised to play a vital role in
maintaining the competitiveness and sustainability of Ireland’s dairy and beef sectors in the face of
ongoing industry challenges.

Page 79



Teagasc | Dairy Calf-to-Beef Conference 2024
Experiences and future expectations for breeding

programs targeting beef on dairy production systems

J.R Thomasen? L. Hjortg', K. Byskov?, A. Bouquet? and A. Fogh3

VikingGenetics, Ebeltoftuej 16, 8960 Randers S@, Denmark; 2QGG Center, C.E. Mgllers Allé 3, 8000 Aarhus C, Denmark;
g )

3SEGES Innovation P/S, Agro Food Park 15, 8200 Aarhus N, Denmark

Introduction

The increase in dairy cow numbers inseminated with semen of beef bulls is increasing because beef x
dairy crossbred calves have a higher economic value than surplus dairy calves, and because the use of
female sexed semen in dairy herds allows the remaining cows in the herd not producing replacement
heifers to be inseminated with beef semen. Thus, there is a high demand for semen of beef bulls selected
for a breeding goal targeted at beef x dairy performance. However, such a breeding goal might differentiate
from a pure beef suckler production system and therefore require a specific breeding program tailored
for beef on dairy production systems.

In addition, the beef sector and consumers are demanding meat with improved standards with respect to
quality, production efficiency and climate footprint, which has to be included in the breeding decisions.

The aim of this paper is to give the current status and perspective at the Nordic level on the use of beef
and dairy and to discuss the principles of building a strong breeding program targeting beef on dairy
production systems.

Development in use of beef semen on dairy cows

During the last 10 years, the proportion of crossbred calves with a beef sire has increased from
approximately 5% to between 35-45% dependent on breed. This development has been driven by an
increased use of sexed female semen to produce replacement dairy heifers, which now in VikingGenetics
is 35% across the dairy breeds. It is expected that beef semen can reach 50-60% of the market share if
optimally combined with sexed semen in dairy herds to secure enough replacement heifers (Ettema et
al., 2017).

Jersey cows

RDM cows

Holstein cows

% born calves with a beef sire

201 2016 2017 2018 2019 2021
Birth year

Figure 1. Development in use of born calves with a beef sire on Jersey, Red Dairy Cattle (RDC) and Holstein cows in
Denmark from 2013 to 2023

Development of genetic evaluation for beef bulls used on dairy cows

The basis of genetic evaluation of beef bulls used for insemination of dairy cows, is the comprehensive
registration and storing of crossbred data from all herds in the central Danish cattle database. It comprises
data related to calving ease, calf survival at birth, health treatments and death during the rearing period
reported by farmers, and carcass weight, carcass classification and carcass fat score from abattoirs.
Further data on feed intake and methane emission are being recorded in large commercial herds (Byskov
et al., 2024). Marbling score is also expected to be recorded on a large scale in the future in Denmark.

Traditional breeding values for growth traits (net daily gain, carcass conformation and fat score),
slaughter percentage, birth traits (calving ease and calf survival), young stock survival (early and late
rearing period) and young stock health (pneumonia, diarrhea and claw abscess) are available to farmers
and breed organizations. To make it easy to select beef bulls that sire slaughter calves with the highest
economic potential, indices are weighted into a total merit index that optimizes economic output per
index unit (see composition in total merit index in Figure 2). All indices are published on the internet and
on printouts from the Danish Dairy Management system.
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Figure 2. Traits and weighting in x-indices

Indices for feed efficiency, methane emission and eating quality (Fglbaek et al., 2024) are also calculated
(Byskov et al, 2023) but are only used for selection purposes in the breeding program.

In 2025, it is expected that genomic breeding values will be introduced for beef bulls for crossbred
performance. This is possible due to a comprehensive reference group containing more than 12.000
genotyped calves — mainly sired by Danish Blue bulls, but Angus and Charolais crosses are also included.

Fair pricing of calves from dairy farmer to slaughter calf producer

The pricing of crossbred calves is done in the usual management program of farmers (Dairy Management
System) and it makes it easy for both specialized slaughter calf producers and dairy producers to trade
crossbred calves in a fair way.

The pricing system is based on the national pricing of purebred Holstein bull calves. When calculating
the price of a crossbred calf, there is a beef cattle bonus, a correction for the genetic level of the dam (beef
traits) and a correction for the genetic level of the purebred beef sire.

The beef cattle bonus is calculated for all combinations of dam breed and calf sex based on production
results in Denmark (net daily gain, carcass form, survival etc.). Assumptions are made about feed
efficiency as well as current slaughter listing and feed prices. The beef cattle bonus is usually split 50:50
between the specialized slaughter calf producer and the dairy producer.

The correction for the sire genetic level depends on the bull status (proven or unproven). For proven bulls
the correction is based on genetic potential. It is the part of the total merit index that is expressed at
the specialized slaughter calf producer (slaughter percentage, net daily gain, carcass conformation, fat
score, young stock survival, late period, young stock health, late period). In this way, the dairy producer
is rewarded for using better beef bulls. For unproven beef sires, the beef cattle bonus depends on the
average performance of the sire breed. On average unproven bulls do have a lower economic genetic level
than proven bulls and the bonus for unproven bulls is therefore lower than for proven bulls.

Breeding scheme

In Denmark, Finland and Sweden, the breeding scheme for some of the beef cattle breeds (mainly Danish
Blue, Angus and Blonde d’Aquitaine) is in a transition from a breeding scheme focusing only on purebred
performance to two breeding schemes per breed focusing on either purebred performance or crossbred
performance.
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Figure 3. Breeding scheme for beef cattle destined for use on dairy cows

Over time, this approach will result in specialized populations of beef cattle that aim at improving Beef
x Dairy calves. We expect the population size to be small in these specialized populations. Therefore,
the breeding scheme should not only generate high genetic gain but also keep inbreeding at reasonable
rates. Optimum-contribution selection maximizes genetic gain at a given rate of inbreeding (Wray and
Goddard, 1994; Meuwissen, 1997). The other selection methods, e.g. truncation selection, do not take
into account the relationship between the selection candidates. On that basis, we argue that optimum-
contribution selection is a better selection method than truncation selection for a small, specialized
population of beef cattle (Hjortg et al., 2022).

Today, selection of young beef bulls for progeny testing and heifers for flushing is based on traditional
estimated breeding value (EBV). The implementation of genomic breeding values described earlier will
increase the accuracy of selection of young candidates and generate higher genetic gain.

It may be difficult to select the highest-ranking females for crossbred performance because beef
cattle breeders want to improve purebred performance for suckling performance in their herds or the
conformation of the animals for shows. Therefore, breeding companies may have to establish donor
stations. Multiple ovulation and embryo transfer (MOET) offers the possibility to get more progeny from
all selected heifers and thereby increase the selection intensity and genetic gain.

Conclusion

The growing use of sexed semen in dairy herds has generated a large potential in maximizing the use
of beef on dairy crossbreeding for generating a more valuable and climate friendly beef production. To
utilize this potential, it is important to establish effective breeding programs with a breeding goal focused
on crossbred performance.
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Introduction

Interest is intensifying in the generation of more valuable calves from beef on dairy matings. This reflects
the large and increasing proportion of beef output in Ireland that is currently sourced from the dairy herd
(Berry, 2021). The Irish dairy-beef index (DBI) was developed for the identification of beef bulls with high
genetic merit for traits underlining the breeding of high-quality beef calves from the dairy herd that are
profitable to slaughter, but that also have minimal consequences on the calving difficultly and gestation
length of dairy dams (Berry et al., 2018). Moreover, the Irish Dairy Calf-to-Beef Ten-Point Action Plan has
been developed in support of Food Vision 2030. A key action within this plan is to develop strategies to
accelerate the rate of genetic progress within the DBI (Teagasc, 2024). The objectives of this study were
to, firstly, determine the current rate of gain in the DBI, both at the sire- and calf-level, and, secondly, to
assess the potential to increase the index’s rate of gain into the future under different breeding program
strategies.

Methodology

Trends in the DBI and in the associated beef and calving sub-indexes were generated from data sourced
from the Irish Cattle Breeding Federation. The dataset included index and sub-index values for Angus
sires with dairy-beef progeny, as well as Angus-sired dairy-beef calves, born since 2018.

To determine the potential to increase the rate of gain in the DBI under different breeding program
strategies, selection index theory was employed (Dekkers, 2007; Van Vleck, 1970). The breeding program
strategies of interest included a nucleus herd implementing early-in-life ovum pickup, increased progeny
testing efforts, incentivisation of breeders, and contract mating. Selection index theory enables the
prediction of annual response to selection in a breeding program at the index, sub-index and trait levels.
In addition, cost-benefit analysis was conducted for the nucleus herd strategy to evaluate the marginal
economic benefits to the overall agricultural industry generated from the proposed alteration to the
breeding program. The calculation of cost-benefits factored in the predicted increase in DBI rate of gain
from the nucleus herd, the expected cost of establishing and maintaining the herd, and the expected
increase in beef-sired calves from the dairy herd in the coming years.

Results

Trend analysis of Angus sires determined that, on average, the DBl increased by €2.71 per year since 2018,
with corresponding increases of €1.70 and €1.01 annually in the index’s beef and calving sub-indexes,
respectively. At the dairy-beef calf level (50% influenced by the dairy breed dam), the DBI was observed to
have increased by €0.83 per year since 2018, with an observed annual decrease of €2.10 in the beef sub-
index and an annual increase of €2.93 in the calving sub-index.

Modelling the various breeding program strategies established a potential to increase the DBI rate of
gain to between €3.10/year and €5.83/year, depending on the strategy employed. Of all the strategies of
interest, the nucleus herd presented the greatest increase in DBI rate of gain, while the contract mating
scenario presented the lowest increase in DBI rate of gain (Figure 1).
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Figure 1. Predicted rate of gain in the DBI for Angus sires based on the different breeding program strategies of
interest

From the conducted cost-benefit analysis it was calculated that a nucleus herd comprising 75 high-
DBI donor heifers that utilised early-in-life ovum pickup would be expected to provide an annualised
marginal benefit of €5.45 million to the Irish agricultural industry.

Discussion

Current DBI sire trends are comparatively low relative to other established breeding indexes (i.e., the
dairy Economic Breeding Index; Berry et al., 2022). Selection index modelling herein predicts the potential
to increase the annual rate of gain in the DBI up to approximately 2.5 times the current rate of gain. An
important assumption for the predicted benefits and increased rates of gain was buy-in from industry.
Careful management of genetic relatedness and inbreeding, as well as ongoing outreach with industry
stakeholders (i.e. Al companies and farmers) are likely to be fundamental to success.
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Application

Offering calves a high plane of nutrition during either the pre-weaning or early post-weaning phases of
development resulted in higher weight gain, with the advantage persisting to slaughter at 16 months of
age.

Introduction

Indairy-beef cattle production systems, failure to meet daily liveweight gain targets resultsin older animals
at slaughter leading to economic and environmental inefficiencies. During the early postnatal period,
the animal is most efficient at converting feed-derived nutrients into muscle growth, and is therefore
one approach to improving overall lifetime performance (Byrne et al., 2017; Rosadiuk et al., 2021). While
increasing calves plane of nutrition typically results in higher liveweight gain, limited published results
exist on whether such gains persist to later life and, particularly in terms of slaughter performance.
Additionally, the latent impact of timing, amount, and interaction between pre and post-weaning dietary
augmentation of artificially reared calves on lifetime performance and carcass characteristics is not clear.
Thus, the objective of this study was to examine the impact of pre and post-weaning planes of nutrition
on performance and carcass characteristics in dairy-bred male calves slaughtered at 16 months of age.

Materials and methods

Spring-born dairy-bred Angus and Holstein Friesian (n=56) bull calves were sourced from the same dairy
research herd, Teagasc Moorepark, in 2023. Calves received differential pre and post-weaning planes of
nutrition to 15 weeks of age, management thereafter was common to all treatment groups to slaughter
as bulls at 16 months of age. At seven days of age calves were blocked by breed, calf liveweight and birth
date, and assigned to one of two pre-weaning planes of nutrition: moderate (M PRE) or high (H PRE). Milk
replacer (MR) and concentrate were offered individually using an electronic calf feeding system (Foster-
Technik Vario; Engen, Germany). Calves on the M PRE treatment were offered: Stage I (7 days of age to
arrival at Teagasc Grange Research Centre, d 0) 6L/day containing 750g MR , Stage II (d O — 36) the same
as stage I, Stage III: (d 36- 50) 6L/day incrementally reduced to zero. Calves on H PRE treatment were
offered: Stage I: (7 days of age to arrival at Teagasc Grange Research Centre, d 0) 8L/day containing 1200g
MR, stage II: (d O — 24) 10L/day containing 1500g MR, stage III: (d 24 — 29 ) 10L/ day gradually reduced
to 6L, stage IV: (d 29 - 36) 6L/day, stage V: (36 — 50 d) 6L/day incrementally reduced to zero. Calves were
offered respective diets of reconstituted MR (containing 26% protein and 16% fat; Heiferlac, Volac,) and
had ad lib access to a commercial calf rearing pelleted concentrate (18% CP) for the pre-weaning period.
Post-weaning, calves were blocked by age and liveweight from within their respective pre-weaning
treatment to one of two, four week long post-weaning diets, moderate (M POST) or high (H POST) where
they received a daily concentrate allowance of either 1.5kg or ad lib access, respectively. Subsequently
animals were managed in accordance with the standard Teagasc 16 month old dairy bull beef system
blueprint. Carcass characteristics data were collected at slaughter.

All data were analysed, using Statistical Analysis Software (SAS v9.4). Data were tested for normality
(UNIVARIATE procedure). Data were subsequently analysed using ANOVA (MIXED procedure). For
performance data, block, pen, and plane of nutrition were included in the model. Animal was the
experimental unit. Week was the repeated measure for intake analysis.

Results

A week x pre and post-weaning dietary treatment interaction was observed for both dry matter (DMI)
and energy intake as per design. Pre-weaning, daily DMI MR was lower for M compared to H (0.63 vs
0.94 kg, respectively, P < 0.0001), as per design. Calves on the M diet had a greater concentrate DMI
than H pre-weaning (1.06 vs 0.94kg, respectively, P = 0.015), with no difference in total DMI of milk and
concentrate pre-weaning (P = 0.13). However, H consumed more total energy pre-weaning than M (P =
0.0003). Post-weaning concentrate DMI and energy consumption was lower in M than H, as per design
(P < 0.0001). There were no interactions for liveweight gain between pre and post-weaning diets. Calves
on H PRE diet had greater liveweight at weaning compared to M PRE (P = 0.0002, Table 1). Calves on H
POST had greater liveweight at the end of the post-weaning period, compared to M POST (P <.0001).
Differences in liveweight between treatments at the end of both the pre and the post-weaning periods
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were retained to housing (Table 1). At slaughter, both liveweight and carcass weight were greater for
animals offered H compared with M post-weaning. There was no effect of pre-weaning plane of nutrition
on either liveweight or carcass at slaughter. There was a tendency for pre but not post-weaning diet to
affect both carcass conformation and fat scores, M PRE having a higher conformation and fat score than
H PRE, but no significant difference observed (Table 1).

Table 1. Effect of pre and post-weaning plane of nutrition (M or H) on performance of dairy-bred bull

calves slaughtered at 16 months of age

Plane of nutrition

Pre weaning

Pre weaning

Significance*

M PRE H PRE M POST HPOST

weaning
Liveweight (kg)
Birthweight 35.3 36.9 36.4 35.9 1.07 0.229 0.697
Arrival (3 Weeks) 46.8 52.0 49.9 48.9 1.20 0.001 0.513
Weaning (11 Weeks) 83.7 92.0 87.9 87.8 1.70 0.0002 0.957
Turnout (15 Weeks) 108.8 114.5 102.0 121.3 2.00 0.024 <.0001
Housing (9 months) |  188.2 199.5 183.8 203.8 4.72 0.050 0.001
Liveweight at
slaughter (16 522.0 531.3 512.0 541.2 9.27 0.263 0.001
months)
Carcass weight 270.1 273.8 263.8 280.1 5.40 0.443 0.001
Conformation 54 49 5.0 54 0.32 0.097 0.135
Fat score 7.2 6.6 7.1 6.7 0.45 0.094 0.286
Average daily gain (kg)
Pre-weaning period 0.71 0.81 0.73 0.76 0.024 0.015 0.306
(11 weeks)
Post-weaning period | g 0.84 0.55 1.20 0.040 0.179 <.0001
(4 weeks)
Grazing period 0.57 0.61 0.59 0.59 0.030 0.265 0.919
(5 months)
Housing to Slaughter| = 5, 1.3 1.32 135 0.035 0.584 0.318
(7 months)

“Non-significant (P>0.05) pre-weaning x post-weaning diet interaction was observed

Conclusions

Pre and post-weaning energy intake increased performance of artificially reared dairy-beef calves,
subsequently influencing slaughter performance within the context of a calf to 16 month old bull beef
system. The magnitude of growth response to increased energy input in early life is greater post-weaning
than pre-weaning. Further investigation is required into optimisation of post-weaning plane of nutrition
and its impact on the economic and environmental efficiency of dairy calf-to-beef production systems.
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Application

This project will help dairy farmers to develop an original beef co-product, with the aim of making better
use of marginal and remote grasslands and adding attractive economic value to calves born from dairy
COWS.

Introduction

Traditionally, in dairy systems, little attention is paid to male or surplus calves. The availability of sexed
semen opens up new possibilities for selecting the best dairy cows to breed replacements from early in
the breeding season and, complemented by the use of beef bulls or beef Al later in the breeding season
to produce beef crossbred animals for dairy-beef production. This idea was implemented as part of the
Tripl’XL experiment being carried out on the INRAE experimental farm at Le Pin in Normandy (Delaby
et al., 2024). The objective of this summary is to detail the management of the crossbred cattle and to
present the initial results obtained from birth to slaughter from three cohorts born between 2020 and
2022.

Materials and methods

The main objective of the Tripl’XL experiment is to describe the effect of allocating a small quantity
of concentrate (3 to 4 kg/cow/day over 100 days) at different periods of the lactation of Holstein (Ho),
Normande (No) and Jersey (Je) dairy cows. The 3-breed dairy herd (168 cows) is managed within a compact
spring calving grass-based system (1.80 cows/ha). The breeding period (21/04 to 21/07) is divided into two
sub-periods: the first with pure dairy breed sexed semen until the end of May, and the second with Angus
bulls used according to observed heats. The Angus breed is preferred for their calving traits (gestation
length and calving ease), hornless, early-maturity, suitability for grass-based production and meat quality.
Such dairy beef progeny provide interesting advantages for farmers and is in accordance with consumer
demands. The calves born from Angus bulls are reared on the farm finished at 2-years of age, without
concentrate use. March and April born crossbred calves are milk fed to 10 weeks of age, and reared with
the replacement dairy heifers until they are 5 months old. After chirurgical castration for the males, the
group is separated and grazed together for about two months in autumn. The 1% winter period occurred
between Nov to mid-March, and the indoor feeding is based on grass silage or big-bale haylage (5 to 6 kg
DM/animal/day). A long grazing period takes place from mid-March to Nov (240 to 280 d — from 0.15 to
0.30 ha/animal), on grasslands which are too far away to integrate as part of the dairy platform. The last
period of 4 months is dedicated for fattening with excellent grass silage (10 to 12 kg DM/animal/day). All
animals are slaughtered in one group at ~700 days of age.

The animals are weighed fortnightly and the bodyweight (BW) is calculated by linearization at a fixed
age (Table 1). The GLM model applied (SAS 9.4, SAS Institute Inc., Cary, NC) on the individual BW, carcass
weight and growth for key measurement dates includes the effect of the year of birth (n=3), sex (n=2),
dam breed (n=3) and the interaction between sex and dam breed.

Results

After three experimental years, 62 animals (24 Ho, 20 No and 18 Je / 34 castrated male and 28 females)
aged between 635 and 753 days were slaughtered. The interactions between dam breed and sex were
non-significant for all dependant variables tested. At all key ages, the JeX weighs significantly less than
HoX and NoX, which were similar throughout and do not significantly differ. At birth, the JeX BW is 73% of
the two others crossbreds. This difference declines at weaning (85%) and during the 1t winter (90%), and
at slaughter 86%. In terms of carcass weights, the HoX and NoX are similar at 310 and 320 kg, respectively,
and significantly higher than the JeX (261 kg). For the three crossbreds, the carcass kill-out percentage
1s similar, ranging between 48% (JeX), 49% (HoX) and 50% (NoX). The growth does not differ significantly
between crossbreds during the milk phase (765 g/d), during the 15t autumn (710 g/d) and 1t winter period
(837 g/d). A difference appears during the 2°¢ long grazing period, with a significant advantage to the
HoX and NoX (770 g /d) compared to the JeX (655 g/d). During the finishing period, the BW gain is always
significantly higher for the HoX and NoX with a gain of 1040 g/d, and less for the JeX (833 g/d).

All the animals slaughtered met the carcass specifications defined for slaughter, in terms of carcass
weight (min-max), conformation (O= or O+) and fatness (3- to 4=).
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Table 1. Body and carcass weights of Angus x dairy cattle at key periods from birth to slaughter

Dairy breed [n Holstein [24 Normande [20 Jersey [18 RSE
At birth (kg) 4552 46.1°2 33.6° 6.2
At weaning - 75 d (ko) 100 @ 1012 86° 10.4
1%t back indoor - 240 d (kg) 2302 2267 206 ° 22.4
2n turnout - 330 d (kg) 3132 3122 280° 34.4
2 back indoor - 600 d (kg) 523 5192 457 P 41.1
At slaughtering - 700 d (kg) 625 @ 6362 544° 48.8
Carcass (kg) 3102 320 261° 23.8

On the same row, two results without common letter are significantly different.

Conclusion

These first results confirm the possibility to develop beef from dairy production, which is interesting
for farmers as a co-product with only forage utilisation, maximising grass grazed, with little additional

workload and in according with the industry and consumer demands.
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Application

The results of this study show that using beef sires of superior genetic merit and strategic concentrate
supplementation can improve beef-on-dairy progeny growth performance.

Introduction

The contribution of dairy-beef to the total number of cattle slaughtered in Ireland now stands at
approximately 60%, and isincreasing. A stable and fertile national dairy herd allows for greater opportunity
to increase sex sorted semen usage on dairy farms, and also increase the number of dairy cows bred to a
beef sire. The Commercial beef value, or CBV, is a purchasing selection index for an animal destined for
beef production (Dunne et al., 2021). Developed in Ireland, it provides beef farmers with information on
the potential profitability of beef cattle, allowing them to make informed purchasing decisions. The first
objective of the current study was to investigate the potential of the CBV in predicting increased animal
and economic performance of dairy-beef steers.

Reducing slaughter age, while still meeting minimum carcass specification, will improve the sustainability
of dairy-beef production systems. The second objective of this study was to investigate the effect of
strategic use of concentrate feed within the context of pasture-based dairy-beef steer systems, on the
potential to reduce slaughter age across different genotypes.

Materials and methods

An investigation into dairy-beef steer systems was conducted from 2020-2023 at Teagasc, Animal &
Grassland Research and Innovation Centre, Grange, Co. Meath, Ireland. This was set up as a three-by-two
factorial design. The first factor involved three dairy-beef genotypes: high beef genetic merit Angus X
Holstein-Friesian (High CBV), low beef genetic merit Angus X Holstein-Friesian (Low CBV) and Holstein-
Friesian (HF). The CBV of High CBV, Low CBV and HF steers was €95, €64 and €-1, respectively. Across the
three genotypes, steers were managed under two contrasting pasture supplementation strategies, Grass-
only and Supplemented, with steers assigned to each treatment as calves post-weaning, balanced for
genotype, sire, live-weight and age. Grass-only calves received no concentrate supplement over the first
summer grazing season (June-September), with Supplemented calves offered 0.75 kg DM concentrate/
day per calf. All calves were offered high quality grass silage (dry matter digestibility =756 g/kg DM) ad-
libitum, and 1.25 kg DM/day of concentrate over the first winter. Post-turnout for a second grazing season,
grass-only steers rotationally grazed pasture only, and received no concentrate supplement outdoors.
Grass-only steers were housed for a conventional finishing period of grass silage ad-libitum (dry matter
digestibility =725 g/kg DM) plus 4.2 kg DM/day of concentrate. Supplemented steers grazed pasture only
post-turnout and from July 1% received 3.7 kg DM concentrate/day per steer until being deemed finished
at pasture. Steers were deemed finished upon reaching a body condition score of > 3.75 (on a 1-5 scale,
with 1 being emaciated and 5 being morbidly obese), deemed to be equivalent of a EUROP carcass fat
score of 3+. Bio-economic analysis was conducted using the Grange Dairy Beef Systems Model (Ashfield et
al., 2014). Statistical analysis was completed using a linear mixed model in SAS (version 9.4; SAS Institute
Inc., Cary NC), with genotype, feed treatment, dam beef genetic merit, parity and day of birth within year
as fixed effects, sire was included as a random effect for all traits.

Results

There was an interaction between genotype and feed treatment for age at slaughter and carcass weight.
Beef x dairy steers supplemented during the second grazing season were younger at slaughter than grass-
only beef x dairy steers (P < 0.05), but slaughter ages were similar for supplemented and grass-only HF
steers (P >0.05). Low CBV, grass only, Angus steers produced a heavier carcass (P < 0.05) than supplemented
Low CBV Angus steers, albeit at an older age. Supplemented HF steers produced a heavier carcass than
grass-only HF steers (P < 0.05), but consumed more finishing concentrate as they were unable to meet the
prerequisite BCS to allow slaughter from pasture, and required a conventional finishing period indoors.
HIGH CBV steers produced a similar carcass weight (P > 0.05) in each feed treatment.
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Table 1. Slaughter performance per genotype (Geno) and pasture supplementation strategy (FT)

Grass-onl Supplemented
HHEEIHEHEES
HF HF Geno
CBV CBV CBV CBV
Finishing age (days) 639° | 650° | 719¢ | 602® | 602% | 714° 4.3 o o
Carcass wt. (kg) 315P 306° 311° 311° 282¢ 3282 5.5 ok NS
Carcass conf. (1-15) 5.42 5.12 3.6° 5.72 5.12 3.9° 0.18 ok NS
Carcass Conf. (EUROP) O=/0+| O= |P+/O-| O+ O= O- - - -
Carcass fat (1-15) 9.52P 9.3b¢ 9.0¢ 10.02 | 9.2 9.5% 0.19 * o
Carcass fat (EUROP) 3+/4- 3+ 3+ 4- 2+ 3+/4- - - -
Lifetime conc. (kg DM) 520 592 877 754 732 1,245 - - -
Lifetime! ADG (kg/day) 0.91° | 0.88" | 0.82° | 0.92° | 0.86* | 0.85* | 0.018 | ** NS
Profit per head (€) 456 382 269 389 280 187 - - -

¢ Least square means within rows with different superscripts differ (P< 0.05) from each other
ILifetime ADG= (arrival body weight - final pre-slaughter bodyweight)/(age at slaughter - age at arrival).

Conclusions

In conclusion the results of this study show that High CBV steers have a greater lifetime ADG and generate
a greater profit/head than Low beef merit and HF steers. Additionally, supplementation at pasture reduced
the slaughter age of Angus steers, with High CBV steers achieving a heavier (19 kg) carcass and greater
profit per head (€109) than Low CBV steers when finished outdoors before a second winter. The slaughter
age of HF steers was unaffected by concentrate supplementation, despite the greater carcass weight (17
kg) of supplemented HF steers coming at the expense of 368 kg DM more concentrate than Grass-only HF
steers reducing profit per head by €82.
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Application

Understanding the grazing behaviours which lead to greater growth rates of beef steers at pasture will
identify optimum genotypes and feed managements to optimise animal phenotypic performance from
grass-based production systems.

Introduction

Grazed herbage is widely acknowledged as the cheapest feed source in ruminant production systems
(Finneranetal.,2012), and with feed accounting for 75% of variable costs in dairy-beef systems, maximising
the quantity in the diet is an integral component of maximising profit (Ashfield et al., 2014). Previous
studies have shown the weakness of predicting pasture dry matter intake (DMI) from measurements
recorded while animals are indoors, due to the low repeatability in feed intake measured during the
grazing season and the indoor period (Clarke et al., 2009). Therefore, the objective of this study was to
determine the grazing behaviour and DMI of dairy-beef steers of divergent beef genetic merit, managed
under two contrasting pasture based concentrate supplementation strategies.

Materials and methods

A grazing behaviour and DMI measurement study was completed as part of a wider study investigating
dairy beef systems in 2021 at Teagasc, Animal & Grassland Research and Innovation Centre, Grange, Co.
Meath, Ireland. The experiment was set up as a three-by-two factorial design, in which three dairy-beef
genotypes: high beef genetic merit Angus X Holstein-Friesian (High AA) (n = 40), low beef genetic merit
Angus X Holstein-Friesian (Low AA) (n = 40), and Holstein-Friesian (HF) (n = 40) were managed under
two contrasting pasture supplementation strategies, Grass-only (GO) and Pasture-concentrate (PC), with
steers assigned to each treatment as calves post-weaning, balanced for genotype, sire, live-weight and
age. Pasture-concentrate steers received 2.7 kg DM concentrate per head from July 1t Dry matter intake
was estimated using the n-alkane technique (Dillon, 1993), on two occasions (mid-May and mid-July) in
2021, at approximately 15 and 17 months of age, respectively. Steers received a paper bolus (Carl Roth,
Gmbh, Karlsruhe, Germany) containing C32-alkane (n-dotriacontane) for 11 days. Representative herbage
samples from each pasture allocation were taken from day 6 to 11. Faecal samples from each steer were
collected from day 7 to 11 in the morning and afternoon, faecal samples were mainly collected during
field observations, with rectal grab sample taken from steers not seen to defecate at pasture.

Grazing behaviour was measured concurrently with DMI on all genotypes in the PC group using the
RumiWatch noseband sensor (Iten & Hoch Gmbh, Liestal, Switzerland). Data collected was converted
into 1 hour summaries using the RumiWatch convertor V 0.7.3.36, validated by Norbu et al. (2021) for use
in grazing studies. Statistical analysis was completed using a linear mixed model in SAS (version 9.4; SAS
Institute Inc., Cary NC), with genotype and concentrate supplementation treatment as fixed effects.

Results

There were no interactions between genotype and concentrate supplementation treatments (P > 0.05).
During the early grazing season (May), HF steers had a greater DMI than both High and Low AA (P <
0.001) (Table 1) Accordingly, total DMI (TDMI) 100 kg' was greater for HF steers than both AA genotypes.
This difference did not persist throughout the grazing season, with all genotypes having a similar (P >
0.05) DMI by July (Table 1). Mean substitution rates of concentrate for pasture DM for each genotype
were 0.68, 0.79 and 0.84 for HF, High AA and Low AA, respectively. When management was similar (May),
no difference (P > 0.05) was observed for DMI between management groups, however, once concentrate
supplementation was introduced, DMI and TDMI 100 kg increased (P < 0.001) for PC compared to GO
(Table 1) In May, High AA grazing bout duration was longer (P < 0.05) than Low AA, with HF similar to both
AA genotypes. Low AA displayed a shorter bout duration, and lower DMI bout than both High AA and HF,
no other statistical differences were noted in grazing behaviour in May (P > 0.05). In July, no significant
differences were observed in key grazing behaviour characteristics.
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Table 1. Effect of genotype and treatment on steer DMI and growth

Treatment Significance
High | Low

May DMI kg day! 9.032 | 7.99® | 8.03® | 0.211 | 8.40 8.30 | 0.172 o NS
May TDMI" 100 kg™* 2.292 | 2.02° | 2.05° | 0.053 2.13 2.11 | 0.043 o NS
May Bodyweight 393 398 392 8.1 400 388 6.5 NS NS
July DMI kg day* 9.10 8.96 9.30 | 0.317 | 8.80% | 9.44° | 0.231 NS o
July TDMI 100 kg! 1.97 1.93 2.05 | 0.064 | 1.912 | 2.06° | 0.046 NS o
July Bodyweight (kg) 461 465 456 9.2 461 460 6.4 NS NS
ADG (May-Sept) ke day? 117 | 118 | 1.15 | 0.033 | 0.96° | 1.36° | 0.027 | NS

“b]east square means within rows with different superscripts differ (P< 0.05) from each other
I TDMI= total dry matter intake

Conclusion

In May, despite having a similar ADG, HF steers had a higher DMI than AA steers, with Low AA steers having
a less aggressive grazing behaviour than High AA and HF animals, by July no differences existed between
genotypes for DMI or grazing behaviour across pasture treatments. Concentrate supplementation late in
the grazing season increased DMI significantly and contributed to increased ADG for each genotype. This
allowed PC steers to maintain early season growth rates into the late season despite declining pasture
quality.
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Application

Vertical integration between the dairy and beef sectors will be crucial in ensuring the sustainability of
the agriculture industry in the future.

Introduction

The rapid expansion of the dairy industry and the greater numbers of dairy beef calves born on dairy
farms requires increased dairy beef integration between the dairy and beef sectors. The number of
mating’s of beef sires to dairy dams not needed to generate replacements has increased exponentially
in recent years with research showing greater carcass value from beef x dairy crosses compared with
purebred dairy or dairy x dairy crosses (Berry et al., 2018). The Dairy Calf-to-Beef Action Plan has been
developed in alignment with Food Vision 2030 which aims to promote greater integration between the
dairy and beef sectors, particularly the production of beef from the dairy industry. To address the need
for new rearing models for dairy beef calves, Teagasc developed the EveryCalf project in conjunction with
commercial rearing farms to monitor the performance and profitability of dairy calf to beef systems.

Materials and methods

In Spring of 2024 six contract rearers across Ireland (Meath, Cork, Kerry, Tipperary, Sligo and Donegal)
opted to take part in the project which involved rearing spring born calves for approximately 18 months
until the end of the second grazing season. Contract rearers received between 48 and 180 calves depending
on farm capacity from five Teagasc dairy research farms (Moorepark, Dairygold, Clonakilty, Curtins and
Solohead). All calves remained in the ownership of Teagasc but were transferred in to the contract rearers
herd. The first load of calves was transported at the end of February with the last load transported by
the second week of May. Calves were transported at a minimum of 3 weeks of age contingent to meeting
set health, welfare and performance criteria. Calves were sired by Aberdeen Angus, Aubrac, Belgian Blue,
Hereford, Holstein Friesian, Limousin and Simmental Al and Angus stock bulls. The aim of the present
study was to assess the performance to date of 2024 born dairy beef calves across 6 contract rearer’s.
Mean birth weight of calves was 36kg, calves were moved at 32 days of age on average and at a transport
weight of 54kg to the rearing farms. The mean commercial beef value of all 2024 calves, dairy calves and
dairy beef calves was €74, €33 and €87 respectively. Calves were weighed by ICBF technicians on each
farm at turnout (mean weigh date: 25/05) and during mid-summer (mean weigh date: 28/07). All farmers
are paid per/kg of liveweight gain achieved following each weighing. Weight data was available for 679
calves at turnout and 616 calves at mid-summer across six farms. All statistical analyses were performed
using SAS 9.4 software. Average daily gain (ADG) from transport to turnout and turnout to mid-summer
were determined using the PROC Means procedure in SAS. Average daily gain values from birth values
were checked for normality using the Shapiro Wilk statistic and graphical outputs obtained with PROC
UNIVARIATE. Average daily gain values from birth were analysed using mixed models (PROC MIXED) with
rearer farm, calf sex, calf breed and CBV category (least, intermediate, greatest) included in the model.

Results

In total 696 calves were enrolled in the project. The predominant calf breed enrolled in the project was
AAX (n =379). The breed composition of the 2024 calves is 26% dairy (Holstein Friesian, Holstein Friesian
cross (FRX), and Jersey Cross (JEX)) and 74% dairy beef crosses (primarily Aberdeen Angus (AAX), but
also including Aubrac (AUX), Belgian Blue (BBX), Hereford (HEX), Limousin (LMX), and Simmental (SIX).
Calves were weaned on the contract rearers farm at approximately nine weeks of age or 85kg whereupon
each calf was eating 1kg of concentrates daily. Average daily gain for male and female calves was similar
at turnout (0.57 vs 0.56kg) and during mid-summer (0.60 vs 0.57kg). Overall mortality rates to date for
2024 born calves is 4.3%. Average daily gain from transport to turnout and from turnout to mid-summer
ranged from 0.44 to 0.70kg and 0.37 to 0.89kg across the 6 farms. Average daily gain based on sire breed
range from 0.42 to 0.70 at turnout and 0.32 to 0.71 kg during mid-summer (Table 1). Average daily gain
from birth was not affected by CBV Category (P = 0.62) and calf breed (P = 0.54). A significant effect of calf
sex (P = 0.003) on ADG was observed, male calves had slightly higher ADG than female calves (0.61kg vs
0.57kg). Average daily gain was significantly affected by rearer farm (P < 0.0001) with a range of 0.42 to
0.74kg from birth observed across the six farms (Figure 1).
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Table 1. Range in ADG based on sire breed at turnout and during mid-summer

ADG from turnout to Mid-Summer (kg/

Sire Breed ADG from transport to turnout(kg/day) da
AA 0.54 0.52
AU 0.65 0.60
BB 0.50 0.32
FR 0.66 0.71
HE 0.63 0.45
HF 0.46 0.54
JE 0.70 0.56
LM 0.55 0.41
NR 0.42 0.57
SI 0.54 0.62
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Figure 1. ADG from birth across the six contract rearing farms

Conclusions

The 2024 calves will continue to be monitored through the winter and until the end of next year’s grazing
season when all animal will be moved to a finishing unit. Contract rearing offers non-dairy farmers the
opportunity to implement an alternative farming system, with the assurance of receiving a fixed payment
for their land, labour, and management efforts, tied to their performance. For dairy farmers contract
rearing reduces the need for additional infrastructure and labour by moving animals off site at a young
age allowing them to focus on managing the main herd while also generating cash flow. The program will
help optimise dairy beef calf performance and welfare while also improving the profitability of this system
of production and will highlight the impact of CBV on animal performance. The preliminary results from
2024 highlight the importance of grassland management, health and welfare on commercial farms in
order to deliver optimum animal performance. The program will also improve integration between the
dairy and beef sectors by establishing a framework to create connections between dairy and beef farms.
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Application

The results of this study demonstrate that across all sward types early maturing genotypes achieved
higher dry matter intakes (DMI) and daily growth rates, than their late maturing counterparts. Swards of
increased diversity increased DMI but not necessarily animal growth during the indoor period. Feed intake
and bodyweight gain differences contribute to the feed and environmental cost of dairy-beef production.

Introduction

The contribution of dairy-beef to the total number of cattle slaughtered in Ireland now stands at
approximately 60%, and is increasing. An increasing percentage (>50%) of dairy calf registrations are now
to a beef sire facilitated by the increasing use of sexed semen on the dairy herd. However, there continues
to be a decline in the beef merit of the dairy cow herd (Mulhall et al., 2023), and that of dairy and beef x
progeny destined for beef production (Kelleher et al., 2024). Beef x dairy animals are more feed efficient
than dairy x dairy animals, and within beef breeds late maturing animals offer greater feed efficiency
than early maturing (McGee, 2015). Animals of higher feed efficiency have been established to have
lower methane emissions and a lower carbon footprint and the use of more efficient breed types can
contributed to reduced agricultural emissions (Fitzsimons et al., 2013). This has led to increased interest
in late maturing breeds for use in the dairy herd to counteract this reduction in traits of significance for
beef production. This study looked at the impact of offering three contrasting conserved forages over the
first winter indoors, on the dry matter intake (DMI) and bodyweight (BW) performance of early and late
maturing dairy-beef heifers.

Materials and methods

One hundred and twenty six dairy-beef heifers sired by high carcass merit early or late maturing beef
sires and bred from Holstein Friesian dams were enrolled in this study. Calves were sired by Angus and
Hereford (Early maturing) or Limousin and Belgian Blue (Late maturing) Al sires. All calves were purchased
from commercial dairy farms at ~21 days of age and were reared commercially before being assigned
to one of three sward types for the first grazing season (June — October). The three sward types were (i)
perennial ryegrass only (PRG); (i) PRG + clover (CL) and (iii) multispecies sward consisting of PRG, clover,
plantain and chicory (MSS). Post-arrival calves were rotationally grazed on a pasture only diet over most
of their first grazing season receiving 1 kg of concentrate from mid-September to housing in mid-October.
Forage was harvested and conserved from each of the three sward types. At housing calves were offered
silage ad libitum from their respective sward treatments in addition to 1.5 kg fresh weight of concentrate.

This study was conducted over 72 days from November 2023 until February 2024 at Teagasc Johnstown
Castle. Upon housing, calves were assigned to pens which were balanced by sward type and sire breed
type, three replicates per sward type and sire breed type (maturity) combination (3 x 2 factorial design),
with pen being the experimental unit. Seven animals were accommodated in each pen on a concrete
slatted floor surface. Silage was offered fresh daily to 110% of animals expected intake, with refusals
weighed twice weekly and disposed of once weekly. Concentrates were offered once daily at 1.5 kg fresh
weight. Samples of forage were taken twice weekly for dry matter (DM) and chemical composition
analysis. Animals were weighed fortnightly to measure average daily gain (ADG). Statistical analysis was
conducted using a linear mixed model in SAS (version 9.4; SAS Institute Inc., Cary NC), with sward type
and sire breed type as fixed effects.

Results

There was an interaction between sward type and sire breed type for ADG during the measurement
period. While Early maturing heifers performed similarly on all forages produced, Late maturing heifers
fed CL had an increased ADG (+0.08 kg), compared to PRG and MSS, which was similar to that of Early
heifers across all forage types.

Forage type had an effect on total DMI, with animals offered both CL and MSS swards having a daily DMI
0.4 and 0.35 kg higher than PRG. Early maturing heifers had a higher DMI (0.6 kg DM/day) ADG (+0.08 kg)
and BW (+8 kg) compared to Late maturing counterparts. Despite differences in DMI and BW, when DMI
is expressed as a % of body weight a similar DMI was achieved for Early (2.45%) and Late (2.36%) maturing
animals.
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As well as higher DMI, Early heifers had higher ADG (+0.08 kg) and BW (+8 kg) compared to Late heifers
who achieved an ADG of 0.81 kg, building on their BW advantage established over the first grazing season..

Table 1. Effect of sward type and sire breed type on dry matter intake and bodyweight (BW) gain

Sward type

Start BW, kg 205 196 207 204 221 214 3.3 <0.001 | 0.036 0.558
DMI, ke DM 5.8 5.7 0.11 <0.001 | <0.001 | 0.877
ADG, kg 0.89 O.78 O.89 0.87 O.9O 0.79 0.022 0.143 | <0.001 | 0.069

End BW, kg 278 267 280 279 295 282 24 <0.001 | <0.001 | 0.046

Conclusions

From the data gathered over the first winter indoors, it can be seen that irrespective of sward type high
ADG's were achieved. Sire breed type can influence the DMI and ADG from conserved forages fed indoors,
which is likely to differences in the environmental footprint and cost of beef production. Future work
will establish the grazed DMI of heifers at pasture, methane emissions and carcass performance at
contrasting slaughter ages of these heifers.
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Application

Animals with a greater proportion of beef genetics have the potential to have greater performance at
slaughter and result in greater return for the producer.

Introduction

The number of in vitro produced (IVP) embryos transferred worldwide has surpassed 1.2 million in
recent years (Viana, 2023). Despite their widespread use, limited data have been collected to investigate
phenotypic performance of animals derived from in vitro-produced embryos later in life. The objective
of this pilot study was to compare the slaughter performance of cattle derived from IVP embryos that
had >75% beef breed genetics with cattle derived from artificial insemination (Al) with 50% beef breed
genetics

Materials and methods

The oocytes used to generate the IVP embryos were collected from the ovaries of beef-cross heifers
immediately post slaughter. Heifer pedigree was known before slaughter and consisted of Angus x
Holstein-Friesian heifers (n = 90), Limousin x Holstein-Friesian heifers (n = 18) and other beef x dairy
crossbreeds (n = 11). Oocytes were matured in vitro for 24 hours and subsequently fertilized in vitro with
frozen thawed semen from one of two proven high fertility beef bulls (Limousin, LM; n = 1; Angus, AA; n
= 1). Presumptive zygotes were cultured in vitro for 7 days, and resulting blastocyst-stage embryos were
transferred fresh to synchronized recipients or frozen for transfer at a later date. Recipient lactating dairy
cows were located in two herds (n = 214), and were synchronized using a 10-day Progesterone-OvSynch
protocol. Cows received timed Al (n = 46) at the time of synchronized ovulation on Day 0 or received
embryo transfer (ET) with a single Grade 1 blastocyst (fresh, n=80 or frozen, n=88) on Day 7 (n = 168).
Timed Al was carried out with frozen thawed semen using one of the two same beef breed bulls that were
used to generate the IVP embryos. During January and February 2022, 86 calves were born and reared
on the birth farm until they were transported to two separate rearing farms where they remained until
slaughter. Slaughter took place between September and December 2023, at 22.5 + 1 months of age (mean
+ SD). Complete slaughter data and Commercial Beef Value (CBV) data were available for 66 animals.
Carcass grade and fat scores were converted to 15-point numeric scales. Slaughter data were analysed
separately for AA and LM to determine the effect of treatment (Al vs ET) on slaughter weight, carcass
weight, carcass grade and fat score.

Results

Treatment effects on slaughter weight and carcass weight were determined using generalised linear
mixed models in SAS, with treatment, farm and sex included as fixed effects. The effect of treatment on
carcass grade and fat score was analysed using a one way non-parametric test. The AA and LM dataset
comprised of animals derived from Al (AA; n =8,LM; n = 14) and ET (AA; n =41, LM; n = 3). The CBV was
less for animals derived from Al compared with animals derived from ET (AA: €105 vs €161, respectively
P < 0.0001; LM: €149 vs. €185, respectively P = 0.02). Slaughter weight was not different between animals
derived from Al or ET (AA: 523 kg vs 542 kg, respectively, P = 0.39; LM: 571 kg and 594 kg, respectively, P
= 0.69). Carcass weight was not different between animals derived from Al or ET (AA: 261 kg vs 275 kg,
respectively, P = 0.25; LM: 295 kg vs 306 kg, P = 0.74). Carcass grade was greater for AA animals derived
from ET compared to those derived from AI (6.5 vs 5.5, P = 0.02) but was not different for LM animals
derived from Al or ET (6.5 vs 7.0, P = 0.81). Mean fat score was not different for animals derived from Al or
ET (AA: 8.3 vs 7.8, respectively, P = 0.25; LM: 7.2 vs 8.0, respectively, P = 0.51). Meat factory specifications
for beef carcasses include minimum criteria for grade (minimum O=), fat score (2+ to 4=) and weight
(2280 kg). 61.3 % of ET derived animals (AA: 58.5%, LM: 100%) and 40.9% of Al derived animals (AA: 12.5%,
LM: 57.1%) were within the specifications set out by processors
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Conclusions

In conclusion, CBV was greater for animals derived from ET compared with animals derived from Al for
both AA and LM breeds. At slaughter, carcass grade was greater for AA cattle derived from ET compared
with AA cattle derived from Al Numerical improvements in carcass weight, carcass grade, carcass fat
score and percentage of animals ‘in-spec’ were observed, but statistical differences were not detected
due to inadequate statistical power. Additional research with a more diverse panel of sires (for IVF and
Al) and greater numbers of animals reared to slaughter is warranted.
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