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Summary

Ruminant livestock production is facing a crucial time in the global agricultural context. For
instance, cattle and sheep can play a pivotal role in the circular bioeconomy by supplying
high quality food for humans, particularly on marginal lands unsuitable for crop production,
resulting in little or no competition for human-edible foods, while simultaneously improving
soil health and contributing to carbon sequestration. In addition, pasture-based farming
practices can deliver ecosystem services while minimising negative environmental impacts.
Framed within this global concern, the Rothamsted Research North Wyke Farm Platform
(NWFP), a unique national and global research facility in the Southwest of England, was
conceived to develop sustainable ruminant production systems with an emphasis on beef
cattle and sheep production. In addition to tracing nutrient (macro and micro) flows through
soil, water and air, performance traits of beef cattle and sheep are recorded and analysed on
an individual animal basis and at the farm-level.

The NWFP is split into three small farms, or “farmlets”, of circa 21 ha each. The main
'treatments' on the platform are: a) permanent pasture: improvement through use of inorganic
fertilisers; b) white clover and high sugar grass mixed sward: replacing nitrogen fertilisers
with biological fixation; and c) a high sugar grass monoculture: regular renewal providing
opportunities for introducing the most innovative germ plasms with desirable traits. Annually,
these farmlets maintain 30 finishing cattle from weaning to slaughter, 75 ewes and their
lambs (typically twin births), and produce their own silage for winter housing. Currently,
cattle are being gradually switched from Charolais x Hereford-Friesian cross to the Stabiliser
breed.

Phenotypic traits that are being currently measured include: liveweight at high
temporal resolution, methane emissions in groups at grazing and individually at housing,
carcass scores and meat quality including fatty acid profiles and vitamin E content.
Performance recording of the suckler herd supplying weaned calves to the NWFP includes
liveweight at birth and weaning of calves, reproductive indicators of the dams, and
identification of the dam and the bull. The range of phenotypic variables to be recorded are
expected to increase over the next five years, namely: liveweight of heifers and cows at
critical events (at 15 months, at calving, at mating, and upon reaching maturity), dry matter
intake during grazing will be measured with the aim of estimating residual feed intake.
Furthermore, positive animal welfare traits and grazing behaviour will be monitored and
recorded, with greenhouse gas emissions during grazing also being measured. Together with
phenotypic data, nutrient flows to and from the NWFP generate rich primary data accessible
for the Life Cycle Assessment framework to account for the net environmental impact of the
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growing phase and, in future, to include the entire cradle to gate supply chain. All traits
(economic and non-economic) will be measured/recorded/calculated on an individual basis
and at farm-level to: a) bench-mark/improve key performance indicators for spring-calving
lowland grassland suckler beef systems, b) estimate genomic breeding values (GEBV) for a
set of traits accounting for sustainability on beef grazing systems, and c) develop appropriate
breeding objectives aiming to identify genetically superior animals on beef grazing systems.

Keywords: sustainability traits, grazing livestock systems, Stabiliser cattle, breeding
objectives, life cycle assessment, key performance indicators

Introduction

World population is steadily growing with an expected increase in the demand for food,
particularly for animal protein. This scenario will increase the competition for land and
resources between human-edible food and animal feeds given the greater increase in pig and
poultry meat compared with meat from ruminants (Chemnitz et al., 2014; Wilkinson and Lee,
2017). Ruminants are allegedly responsible for 18% of total anthropogenic GHG emissions
(Steinfeld et al., 2006). However, this figure does not consider the positive role of ruminants
in the global circular bioeconomy; to provide sufficient protein-rich, safe and healthy food for
humans, to regulate the ecological cycles and close the nutrient loop by recycling biomass
from inedible resources or from lands that are not suitable for growing crops for humans, to
improve soil health, including carbon sequestration, and to provide ecosystem services, to
name a few (Animal Task Force, 2016). To tackle the problem of global food security and
intensification of food production, we need to work towards sustainable livestock systems in
ways that work best for individuals, communities and the planet (Eisler et al., 2014).

Framed within this global concern, Rothamsted Research’s North Wyke Farm Platform
(NWFP, Orr et al. 2016) was conceived to develop sustainable ruminant production systems
with an emphasis on beef cattle and sheep production. The NWFP was established in the
United Kingdom as a national capability and is a worldwide, unique local and global research
facility linked to real-world farming (www.rothamstedresearch/farmplatform). The facility
provides access to a range of in situ state-of-the-art instrumentation in hydrologically isolated
catchments to better address key issues within sustainable agriculture. In addition to tracing
nutrients (macro and micro) flows through soil, water and air, traits related with beef cattle
and sheep production systems are recorded and analysed on an individual animal basis and at
the farm-level. These detailed data provide valuable information to research objectives
focused on improving the sustainability of ruminant grazing systems (Takahashi et al., 2017).
The aim of this paper is to show the capabilities installed for data collection and analysis of
variables and metrics of sustainability at the NWFP and to explore steps to be followed in the
selection of Stabiliser (ST) beef cattle for sustainable grazing systems in the UK.

Description of the production systems

The Farm Platform is split into three small farms or farmlets of circa 21 ha each. The main
'treatments' on the platform are: a) permanent pasture: improvement through use of inorganic
fertilisers, b) grass : white clover sward: replacing nitrogen fertilisers with biological fixation,
and c) monoculture grass ley : regular renewal, providing opportunities for introducing
innovative varieties with desirable traits (currently: high sugar grasses and deep rooting
grasses) (www.rothamstedresearch/farmplatform).
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Every autumn, 30 calves are randomly allocated to one of the three farmlets at weaning
(October), blocked per sex, breed and live weight. Weaned calves are typically housed from
October to April, receiving mainly silage made from their own allocated farmlet. In spring,
they are turned out to pasture for grazing on their respective pastures with the aim of
finishing cattle at 18-20 months. Additionally, 75 Suffolk x Mule ewes and their lambs sired
by Charollais tups graze in the NWFP in separated fields, while forage surplus is cut for
silage and used in the winter housing period.

Historically the cattle of the NWFP have been Charolais x Hereford-Friesian, but these
are gradually being replaced by ST cattle. The ST breed is a multi-breed composite developed
in USA by Leachman Cattle Company (www.leachman.com). This composite breed is a
blend of British and Continental cattle including: Angus, Simmental, Gelbvieh and South
Devon, and combines traits such as muscle conformation, marbling, and moderate size of the
British breeds with the muscle mass, milk, and growth of the Continental breeds. The suckler
herd that provides weaned calves to the NWFP is an adjacent but separate cow-calf enterprise.
Currently, the genotypes of the breeding cows are 43% Hereford-Friesian cross (82% of them
are 5-y old or older) and 57% Stabiliser (from F1 to F4).

Phenotyping sustainability traits

Animals at housing and during grazing are weighed every 2 weeks. Methane emissions and
carbon dioxide are measured in groups at grazing and individually at housing, and carcass and
meat quality is evaluated post-slaughter. Reproductive and productivity performance of the
suckler herd supplying weaned calves to the NWFP is recorded less frequently and includes:
birth weight and date, weighing prior to weaning, weaning weight and date of weaning,
reproductive indicator of the dams, and identification of the dam and the bull. Routine
recording of liveweight of heifers and cows at critical events (at 15 months, at calving, at
mating, and upon reaching maturity) is planned to start for the breeding programme. Together
with phenotypic data, information regarding NWFP nutrient flows and processes occurring
outside the NWFP feed into LCA to account for the net environmental impact of the growing
phase. Examples of the type of information generated at the NWFP is shown in Figure 1.
Early results demonstrate that average daily gain (ADG) is negatively correlated with
emissions intensity (in terms of CO2-eq/kg LWG) of the finishing system. This suggests that
individual animal performance, or phenotypic variability, plays a considerable role in the
overall efficiency of a system, and offers a good starting point for a breeding program.

Next steps for selecting Stabiliser cattle for sustainability traits on pasture
based systems

Blood samples are being collected from cattle at the NWFP and each year blood samples will
be taken from all weaned calves. Additionally, cows from the suckler herd and Stabiliser
heifers will be sampled. DNA will be extracted, genotyped with a 50k SNP chip, and
analysed by Neogen Europe Ltd. (Auchincruive, Ayr, Scotland, UK). The DNA samples from
individual animals will be stored in a ‘gene bank’ for future and long term research. It is
expected that the growing and suckler herds become 100% Stabiliser within 3 years time.

The range of phenotypic variables to be recorded are expected to increase over the
next five years. For example, dry matter intake (DMI) during grazing will be assessed, e.g.
using the N-alkane marker technique, with the aim of estimating residual feed intake (RFI),
positive animal welfare traits and grazing behaviour will be monitored and recorded, with
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GHG emissions during grazing also assessed. A wider goal of the NWFP is to extend the
LCA system boundary to include the suckler herd which will account for the net
environmental impact of the cradle to gate supply chain. The phenotyping and genotyping
programme will be extended to farms that have Stabiliser breed beef cattle grazing systems.
All traits (economic and non-economic) will be measured/recorded/calculated on an
individual basis and at a farm level to: a) bench-mark/improve key performance indicators for
spring-calving lowland grassland-based suckler beef systems, b) estimate genomic breeding
values (GEBV) for a set of traits accounting for sustainability on beef grazing systems, and c)
develop appropriate breeding objectives aiming to identify genetically superior animals on
beef grazing systems.

The benefits for the stakeholders will be the access to bench-marks for a set of key
performance indicators for beef grazing systems accompanied by the specification of the
appropriate management to reach those targets. Additionally, this project will offer a tool for
early selection through GEBVs for traits accounting for sustainability (efficiency, animal
performance, product quality, GHG emissions, etc.) as well as breeding objectives and
selection criteria to apply in spring-calving lowland grassland suckler beef systems.
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Figure 1. Phenotypic information and LCA output for weaned calves and growing cattle at
the NWFP: a) average daily gain from birth to weaning (n = 90), b) average daily gain for
cattle since weaning to slaughter per each farmlet (blue – grass : clover mix sward, green –
permanent pasture, and red – high sugar grass monoculture) (n = 76), c) methane emissions
per animal during winter housing (n = 14), and d) distribution of emissions intensity per
animal by sex on the permanent pasture farmlet (n = 30). Outliers located further than 1.5
times the interquartile range beyond the quartiles are denoted with a cross (×).


