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Abstract 

Grass based ruminant production systems aim to utilise large proportions of grazed 

herbage as high utilisation levels reduce costs associated with ruminant production 

and therefore maximise profit. Perennial ryegrass (Lolium perenne L.) grazing 

efficiency has been shown to influence farm herbage utilisation. It is also known to 

differ between perennial ryegrass varieties, yet it goes untested in routine variety 

evaluation protocols, due to the prohibitively high costs associated with variety 

evaluation conducted under grazing. In the absence of such evaluations, varieties 

unsuitable for grazing systems are being sown on farms, leading to losses in 

productivity and increased costs of production, both ultimately reducing profitability. 

The lack of routine grazing efficiency evaluation also provides no incentive for 

perennial ryegrass breeders to develop superior grazing varieties. Further disparity 

between routine variety evaluation protocols and farm practice is the evaluation of 

varieties within monoculture plots, as the majority of reseeded grassland contains 

mixtures (typically three to four varieties) of sown species.  

The objective of this thesis was to develop a methodology for the evaluation of 

perennial ryegrass variety grazing efficiency. Such evaluation data could then be 

incorporated into the Irish Pasture Profit Index (PPI), an economic variety ranking 

selection index, to incentivise breeders to develop superior grazing varieties. An 

investigation of easily measured plant traits that could be used by breeders as proxies 

for increased grazing efficiency was also examined. Finally a comparison between 

the agronomic performance of perennial ryegrass varieties sown as monocultures and 

mixtures was conducted to evaluate the use of mixtures. 
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Residual Grazed Height (RGH) was developed as a measure of grazing 

efficiency. Significant differences in grazing efficiency were recorded between 

varieties evaluated under animal grazing, indicating that not all varieties are suited to 

intensive grazing systems. Tetraploid varieties displayed a clear advantage over 

diploids for grazing efficiency which was allied with the increased nutritive value 

(digestibility) and a favourable sward structure of tetraploids. The economic value 

for increased grazing efficiency was determined based on the additional herbage dry 

matter that a variety with superior grazing efficiency could utilise. This resulted in a 

€44 difference between the most and least grazing efficient varieties. The 

performance of perennial ryegrass mixtures rarely exceeded that of the highest 

component monoculture but likewise never was inferior to that of lowest.  

Routine variety evaluations must evolve to new farming practices and 

regulations. This thesis outlines a methodology for the assessment of grazing 

efficiency and its inclusion within the PPI which will allow farmers to increase levels 

of pasture utilisation on farm.  
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Chapter 1: Introduction  
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Animal production systems that optimise the proportion of grazed grass in the 

diet of ruminants have lower production costs (Dillon et al., 2005) and this utilisation 

is strongly correlated with profitability (Shalloo, 2009). This low cost production 

method and the emphasis on producing the majority of ruminant feed from inside the 

farm insulates these businesses from adverse fluctuations in input and output prices 

(Horan and Roche, 2020). Alternative production systems aim to maximise milk and 

meat output from animals by employing total mixed ration (TMR) feeding systems, 

maximising dry matter (DM) intake of livestock, in year-round confinement systems 

(Fontaneli et al., 2005). Whilst pasture based production systems may be inferior to 

confinement systems in terms of milk production, their lower costs of production 

make them as profitable (Tozer et al., 2003, Dillon et al., 2005). Grass based systems 

also benefit from a lower carbon footprint per unit of milk (O’Brien et al., 2014b) 

and higher milk quality (increased levels of saturated and unsaturated fatty acids and 

conjugated linoleic acid; O’Callaghan et al. (2016)). Pasture utilisation is the 

principle objective of these systems, operating as a function of herbage production 

and grazing management (Hanrahan et al., 2018), both requiring high crop and 

animal husbandry skills.  

Perennial ryegrass (Lolium perenne L.) is the most important forage species 

within pasture-based ruminant production systems in temperate grasslands, 

accounting for up to 95% of all forage seed sales in some countries (Grogan and 

Gilliland, 2011). Perennial ryegrass is most suited to temperate climates where large 

amounts (in excess of 15 t DM/ha) of high quality forage can be produced at low cost 

relative to alternative feedstuffs (Finneran et al., 2012). It establishes rapidly from 

seed, has a strong tillering ability and under favourable climatic 

conditions/management it can persist for many years within the sward. Perennial 
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ryegrass varieties can be classified based on ploidy (diploid/tetraploid) and /or 

maturity (early/intermediate/late heading). Variety characterisation can influence 

plant traits and subsequent agronomic performance. Tetraploids have been shown to 

support increased animal production compared to diploids (Wims et al., 2013b). 

Later heading varieties tend to maintain a higher level of nutritive quality later into 

the growing season, increasing the milk production potential from the ingested 

herbage (O'Donovan and Delaby, 2005). Typically, combinations of varieties are 

sown together within swards and therefore accurately identifying varieties with a 

beneficial (or negative) effect on sward performance is practically impossible 

without the use of laboratory methods (Quaite and Camlin, 1986) 

Routine forage variety evaluation schemes are conducted by government bodies, 

universities or independent bodies to protect consumers, ensuring that new varieties 

introduced to the commercial market offer a measurable improvement over those that 

are currently available (Gilliland et al., 2019). Such schemes typically evaluate 

established and candidate varieties submitted by plant breeders with successful 

varieties placed on ‘National’ and/or regional ‘Recommended’ lists (RL). Evaluation 

schemes play an important role in the commercial success of varieties demonstrated 

by the difference in seed sales between high ranking recommended varieties and 

varieties that fail to make the list or obtain a high ranking (Bentley, 2003). Plant 

breeders strive to develop new varieties that excel in traits measured by the 

evaluation schemes (Stewart and Hayes, 2011). Recommended List protocols have a 

large impact on the calibre of varieties that are sown on commercial farms. Traits 

with the largest influence on farm profitability that can be evaluated at a relatively 

low cost are prioritised. Typically herbage yield, nutritive quality and persistence are 

evaluated in perennial ryegrass evaluations (DAFM, 2020a). 
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An economic variety ranking index has been developed in Ireland (the Pasture 

Profit Index; PPI), using RL data to aid farmers in selecting the most appropriate 

varieties for their farms (O'Donovan et al., 2016). Other indices have been 

introduced in New Zealand with the Forage Value Index (FVI; Chapman et al. 

(2017)) and Australia (Australian FVI; Leddin et al. (2018)). Varieties within such 

indices are relatively scored for various traits based on the variety agronomic 

performance and the economic value of that trait. Depending on the intended use of 

the reseeded paddock, selection of varieties may be influenced by strong 

performance in individual traits rather than overall economic merit (McEvoy et al., 

2011). Since the introduction of the PPI, strong farmer engagement has been evident 

with rejuvenated interest in grass varieties and reseeding (Gilliland et al., 2018). 

Continued development of these indices through accuracy of evaluation and 

introduction of new traits is required to direct plant breeding towards traits with the 

greatest effect on ruminant production efficiency and profitability (O'Donovan et al., 

2018). 

Traits used in routine evaluation of perennial ryegrass varieties have been shown 

to influence herbage utilisation, as well as some that are not in routine testing (Byrne 

et al., 2018). These traits include aspects of plant structure and chemical composition 

which in turn affect foraging behaviour of ruminants and digestion within the rumen 

(Forbes, 1988). Increasing the voluntary feed intake (VFI) of animals grazing pasture 

has been identified as a possible breeding goal to improving pasture utilisation. 

Improving cell wall digestibility and reducing lignin content within forages can 

increase VFI and milk yield of dairy cows (Jung and Allen, 1995, Oba and Allen, 

1999). Many of the published animal intake studies have been conducted using in 

vitro methodologies or by utilising indoor feeding systems. Animal intake is more 



5 

 

complex under grazing conditions as animal ingestive behaviours become more 

significant (Gregorini et al., 2008, Lahart et al., 2020). Grazing behaviour traits such 

as bite mass and rate were shown to be influenced by perennial ryegrass structural 

traits such as sheath height (Wims et al., 2013b), which also may affect VFI. 

Examining the plant-animal interface is critical to identify plant traits with the 

potential to increase grazing efficiency. 

Despite the association between varietal grazing efficiency and herbage 

utilisation (and therefore profit), it goes untested in routine variety evaluations due to 

the high costs associated with animal evaluation studies (Wilkins and Humphreys, 

2003). As a result, plant breeders are not motivated to develop varieties with 

improved grazing efficiency as such varieties are not recognised or rewarded within 

existing variety testing protocols. The efficiency of herbage utilisation (grazing 

efficiency) can be defined as the proportion of the gross leaf tissue production that is 

removed by the grazing animals before the grass plant enters the senescent state 

(Lemaire and Chapman, 1996). 

Increased specialisation of farm systems, particularly within dairy farms, has led 

to the development of specialist paddocks dedicated to herbage production for 

grazing (typically located on the milking platform) or dedicated to herbage 

production for silage production (land not readily accessible by cows; Patton et al. 

(2019)). A dedicated silage PPI trait already exists, informing farmers of the most 

appropriate varieties to choose. Farmers now demand varieties that excel in grazing 

traits to maximise animal performance (Byrne et al., 2018). Given this farmer 

response, it is clear that if a grazing related sub-index for grazing efficiency could be 

developed within the PPI this would further help to identify such varieties.  
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The overall objective of the research completed in this thesis was to develop a 

methodology for the evaluation of grazing efficiency between perennial ryegrass 

varieties and to ultimately use the data generated from this evaluation to develop a 

measure of utilisation within the Irish PPI. Pre-determining plant traits influencing 

variety grazing efficiency were also investigated, to identify easily measured proxy 

traits that could be incorporated into breeder selection programmes. Given that the 

majority of pasture reseeding in temperate grasslands is conducted using mixtures of 

varieties, it was important to establish that the agronomic traits measured were still 

expressed in mixed swards. Therefore, the agronomic performance of perennial 

ryegrass varieties sown as mixtures of varying complexity were examined under an 

intensive grazing regime.   
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Chapter 2: Literature review  
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2.1 Grasslands in temperate regions 

Of the total combined land area of European countries, grassland accounts for 21%. 

This ranges from 92% (Ireland, (CSO, 2019a) to <17% (extreme northern or 

southern countries; Dillon (2018)). These grasslands are utilised to produce milk and 

meat products from ruminants. The utilisation of grassland differs between regions, 

largely influenced by climatic factors which affect the harvesting of pasture. These 

methods of harvesting range along a continuum from full-time grazing by livestock 

to year-round mechanical harvesting of grassland fed to livestock within confinement 

systems (Wilkins and Humphreys, 2003). Extremes in grass production levels exist 

within Europe ranging from 2 t DM/ha/year to 20 t DM/ha/year (Peeters and Kopec, 

1996). The most productive sites are located on the Atlantic side of the continent 

between 52 and 57°N latitude. Climatic constraints including moisture deficits (in 

low latitudes) and lower temperatures (in northern latitudes) limit grass production in 

these areas.  

Worldwide population is estimated to increase to 9.7 billion by 2050 (UN, 

2019). This will be accompanied by a corresponding increase in the demand for food 

of up to 70% (FAO, 2018). To meet this demand it is expected that global milk 

production will increase by 40% to 1077 million tonnes and meat production by 43% 

to 455 million tonnes by 2050 (Alexandratos and Bruinsma, 2012). Improving 

worldwide production and utilisation of grasslands provides one of the most efficient 

pathways to meet this increased food demand (Boval and Dixon, 2012) particularly 

within areas unsuitable for arable crop production (O'Mara, 2012). Such production 

systems can play an important role in global food security, converting non-human 

edible protein sources into high quality human edible food (Dillon, 2018). 
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2.1.1  Irish grassland 

Irish grassland provides a large proportion of the feed requirements for ruminants 

(O'Mara, 2008). Approximately 92% (4.00 million ha) of all agricultural area in 

Ireland is classified as grassland (CSO, 2019a). Of this area 1.089 million ha is 

designated as silage area, harvested for first (78%), second (21%) and subsequent 

(1%) harvests (O'Donovan et al., 2011). Ireland’s Gross Agricultural Output (at 

producer prices) was valued at €8.18 billion in 2019, with dairy, beef and sheep 

production accounting for 31, 28 and 3% of this output, respectively (DAFM, 2019).  

Unlike other grass-based meat and milk producing nations that operate total 

mixed ration (TMR) systems characterised by 365-day housing of livestock and 

mechanical harvesting of forage (Fontaneli et al., 2005), Ireland (and other dairy 

producing regions such as New Zealand and Australia) aims to incorporate large 

amounts of grazed forage into the diets of ruminants (Dillon et al., 2008). 

Confinement based systems (TMR) aim to maximise the supply of all energy, protein 

and mineral requirements of the animal to maximise milk production. Also the most 

superior cow genetics for milk production are employed on such farms with typical 

milk yields of 11,500 l per cow achieved (Bargo et al., 2002). Such systems are 

highly dependent on imported feed which can leave them susceptible to high feed 

prices depending on market trends (Macdonald et al., 2017). Intensive grazing 

systems aim to feed livestock with the cheapest high quality feed available with 

targeted supplementation of concentrate feeds to optimise milk production. Within 

Ireland and other temperate regions of the world, pasture is the cheapest feed source 

available. The total cost of producing or buying silage and concentrate feeds is 

estimated to be 1.8 and 2.4 times that of grazed perennial ryegrass (1.0; O'Donovan 

et al. (2011)). Despite comparatively lower milk yields achieved from these grass 



10 

 

based diets (5,101 l per cow; Ramsbottom et al. (2015)), lower costs of production of 

such systems, maximises marginal profit and insulates farm businesses from adverse 

market trends (Dillon et al., 2008). 

2.1.2  Climate 

Ireland has a temperate humid maritime climate which is influenced by the Atlantic 

Ocean, the Gulf Stream and a prevailing westerly wind. It is located on the west of 

Europe between 50°N and 57°N latitude. Stable air temperatures are experienced 

throughout the year of 14 - 16°C in summer to lows of 5 - 7°C in winter (Keane and 

Sheridan, 2004). Ireland’s proximity to the Gulf Stream reduces the extremes of 

temperature experienced by other countries at similar latitudes. Harsh, cold winters 

are not experienced in Ireland particularly in coastal areas where there are fewer than 

10 days per year where minimum temperatures reach below freezing point. Inland 

areas experience up to 40 days of minimum temperatures below freezing. Average 

rainfall levels of 1200 mm are experienced in the west, north-west and south of the 

country, falling to 750 mm in the east of the country (Drennan et al., 2005).  

Soil temperature is the main factor determining the start and end of the grass 

growing season, requiring the minimum of 6°C at a soil depth of 100mm. Minimal 

growth occurs at temperatures below this threshold. A growing day is defined where 

soil temperature exceeds 6°C on any given day. Leaf appearance rate is influenced 

by air temperature with optimum rates of one new leaf every 7 - 10 days when air 

temperature is 20 – 25°C (Parsons and Chapman, 2000).  
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2.1.3 Soil Type 

The productivity of grass based ruminant production systems is influenced by soil 

type and climatic conditions (Brereton, 1995). Areas characterised by high annual 

rainfall and poorly drained soils suffer from reduced soil trafficability which makes 

grazing management and use of machinery difficult, ultimately resulting in higher 

costs of production and reduced profitability (Shalloo et al., 2004a). The majority of 

Ireland’s agricultural area (60%) is classified as dry lowland mineral soils with a 

further 20% moderately wet and 17% wet impermeable mineral soils. Kelly et al. 

(2012) reported that significant differences in profitability exist between farms on 

different soil types in Ireland driven by reductions in grass production and utilisation 

and an increase in costs of production. Shalloo et al. (2004a) identified that annual 

grass production may be 25% lower on wet soils, partially caused by the reduced 

seasonal distribution of grass growth, which subsequently reduces grazing season 

length.  

2.1.4  Livestock in Ireland 

Total cattle numbers in Ireland increased to a peak of 7,363,500 in 2017 (CSO, 

2019a). Since 2017, a plateauing of national cattle numbers has occurred with 

increases in the dairy herd balanced by a fall in the number of beef cattle in Ireland. 

Dairy quotas were introduced to Ireland in 1984. At that time there were 68,000 

dairy farms which in the intervening 30 years has fallen to 16,000. Despite this 

reduction in farm numbers, milk production in Ireland remained relatively unchanged 

as improvements in milk production per cow maintained total dairy production. 

Dairy cow numbers have been rising gradually for the past 5 years due to the 

abolition of milk quotas in 2015 which has increased dairy cow numbers by 255,392 
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to 1,504,800 in the same period (ICBF, 2019). In anticipation of the abolition of milk 

quotas, the Food Harvest 2020 report (DAFM, 2011) predicted that a 50% increase in 

milk production would be possible by 2020 (relative to the 2007 – 2009 reference 

period). Ireland is well placed to reach this target with 7.99 billion litres of milk 

produced in 2019 representing a 48% increase (CSO, 2019b).  

Currently there are 999,700 suckler beef cows within Ireland (CSO, 2019a). 

Suckler cow numbers have fallen by 129,300 since 2015. Sheep numbers in Ireland 

grew by 245,900 in the years up to 2016 and generally have remained at this level 

since (CSO, 2019a). Table 2.1 shows the breakdown of ruminant livestock in Ireland.  

Table 2.1 Number of livestock (‘000 Head) by type of animal for 2017, 2018 and 

2019 (CSO, 2019a).  

 

2017 2018 2019 

Total cows 7363.5 7348.5 7208.6 

   Dairy cows 1,432.7 1,480.9 1,504.8 

   Suckler cows 1,081.0 1,047.9 999.7 

   Bulls 16.9 10.9 7.6 

   Cattle: >2 years 788.1 811.8 827.9 

   Cattle: 1 - 2 years 1,913.9 1,918.7 1,860.7 

   Cattle: <1 year 2,130.9 2,078.4 2,007.9 

Total sheep 5,197.1 5,109.3 5,145.8 

   Breeding sheep 2,593.5 2,565.5 2,496.5 

 

2.1.5 Production/Utilisation of herbage 

Ireland’s grass growing season is influenced by its relatively mild but changeable 

climate. Aligning ruminant production systems to the grass growing season 

maximises the proportion of grazed grass in the diet of livestock (Drennan et al., 

2005). Grazed grass is the cheapest feed source available for ruminant production in 

temperate regions (Finneran et al., 2012) and therefore incorporating maximum 

quantities of this cheap feed source into ruminant diets allows farms to operate at a 
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lower cost, giving pasture based enterprises a competitive production advantage 

(Dillon et al., 2005). Figure 2.1 shows the negative relationship between the 

proportion of grass in dairy cow diets and total costs of production. The majority of 

dairy farms in Ireland (83%) operate spring calving systems to avail of these 

potential low production costs (Patton and Lawless, 2019, CSO, 2016). 

 

 

Figure 2.1 Relationship between total cost of production and proportion of grazed 

grass in the dairy cow’s diet, ranging from total confinement feeding to grass-based 

feed systems (Dillon et al., 2005). 

 

Grass management for spring calving production systems begins in autumn 

where farmers objectively aim to maximise the contribution of grazed pasture to the 

cow’s diet while also finishing the production season at the desired farm grass cover 

(O'Donovan et al., 2002b). This cover will be carried through the winter period and 

must be large enough to provide the herd with sufficient herbage during the first 

grazing rotation in spring when grass growth rates will be low (O'Donovan et al., 

2004). Grass growth rates will gradually begin to rise as spring progresses, 
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corresponding with the increases in herd feed demand as a greater proportion of the 

herd calve and intake rates per cow increase (Claffey et al. (2019); Figure 2.2). Daily 

grass growth rates will not be adequate to provide all of the herd’s nutritional needs 

in spring and therefore targeted supplementation of silage and concentrate feeds will 

be incorporated until daily grass growth is equal to daily herd demand, which 

typically occurs during the second grazing rotation (Macdonald and Roche, 2016).  

 

 

Figure 2.2 Average grass growth curve of Ireland compared with grass growth 

experienced in 2018 and 2019 (PastureBase Ireland, 2020). 

 

At eight weeks post-calving cows reach peak milk yield which in spring calving 

systems will occur in early summer (May/June in Ireland). Grass growth during this 

period also peaks, supporting the herd demand required to achieve maximum milk 

yield (Dillon et al., 1995, Shalloo et al., 2014). Grass growth exceeds demand during 

this summer period and surplus grass is conserved as silage. This silage will be fed to 

livestock during pasture deficit periods (i.e. spring/autumn) as well as during winter 

confinement (Kennedy et al., 2007a). During late summer/early autumn, average 
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farm grass cover will be allowed to increase in order to provide a stockpile of grazed 

grass on the farm that can be used to support the herd as grass growth declines and 

falls below herd demand in the autumn (O'Donovan et al., 2002b).  

Under optimum management and conditions, Irish farms have the ability to 

consistently produce 14 – 16 t DM/ha (O'Donovan et al., 2018). However, it is 

estimated that the average Irish dairy farmer grows 9.1 t DM/ha/year (McEvoy et al., 

2011). Data from PastureBase Ireland (PBI; Hanrahan et al. (2017)), estimates that 

the top 20% of Irish grassland farms are producing 16.3 t DM/ha while the bottom 

20% is producing 11 t DM/ha. It is accepted that the vast majority of farmers using 

PBI to record their weekly farm walks are conducting a minimum of 30 weekly 

recordings per year. This makes them technically more efficient than the average 

dairy farmer. This partially explains the disparity between the national and PBI 

average herbage production figures (O'Donovan et al., 2018). Seasonal variation 

between farms for spring, summer and autumn grass production has been recorded at 

816 – 1199 kg DM/ha, 4462 – 4932 kg DM/ha and 5937 – 6442 kg DM/ha, 

respectively (Hanrahan et al., 2017).  

Grass utilisation is a function of herbage yield and grazing management 

(Ramsbottom et al., 2015). High levels of herbage utilisation are a key determining 

factor in the profitability of grass-based ruminant enterprises. Hanrahan et al. (2018) 

estimated that each additional tonne of DM utilised per hectare on dairy farms would 

increase net profit by €173 per hectare. On beef farms this value was estimated at 

€105 per hectare (Crosson et al., 2015). Figure 2.3 displays the relationship between 

herbage utilised and net profit. Clear differences between farms in their ability to 

utilise herbage are evident. Average herbage utilisation of Irish specialist dairy farms 

is estimated to be approximately 7.1 t DM/ha (Creighton et al., 2011). The number of 
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grazings per paddock per year can be used as an indicator of utilisation. The top 20% 

of dairy farmers achieved 8.9 grazing events per paddock in 2019 compared to 5.7 

grazing events for the lowest 20% (PastureBase Ireland, unpublished data). 

 

Figure 2.3 Relationship between pasture utilised and profit per hectare on a range of 

Irish farms (Shalloo et al., 2018). 

 

Stocking rate, pre-grazing herbage mass and rotation length are all management 

decisions influencing the level of herbage utilisation on farm (McCarthy et al., 2011). 

Perennial ryegrass varietal traits can also influence herbage production and 

utilisation (Byrne et al., 2018), ultimately influencing the profitability of ruminant 

production enterprises (O'Donovan et al., 2016).  
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2.2 Perennial ryegrass 

Perennial ryegrass is a member of the Poaceae family and is the predominant sown 

forage grass in Northwest Europe, New Zealand and parts of Australia (Wilkins and 

Humphreys, 2003). It accounts for 95% of all forage seed sales in Ireland (Grogan 

and Gilliland, 2011). As its name suggests, perennial ryegrass has a perennial 

lifecycle and provided it is well managed under suitable climatic conditions can 

potentially form permanent pastures. Under intensive farming however, the useful 

life span of swards can be markedly curtailed, typically between 5 - 12 years. 

Perennial ryegrass establishes rapidly from seed, and tillers strongly to produce a 

dense and highly palatable sward. It is tolerant of successive defoliations under 

grazing or mechanical harvests (Lee et al., 2009) and is highly responsive to fertile 

conditions and high inputs of nitrogen (N; Laidlaw and Frame (2013)). It is 

characterised by three growth phases, the first of which is the vegetative stage, 

followed by the transition and reproductive phases. These phases influence the 

morphological components of the perennial ryegrass plant (Beecher et al., 2015). The 

vegetative stage is characterised by the production of leaves by the meristems that 

bundle together as leaf sheaths to make up the pseudo-stem proportion of the plant. 

The level of pseudo-stem will decline as the growing season progresses and the 

perennial ryegrass plant becomes reproductive. In the early part of this development, 

or ‘transition’ phase there is a progressive increase in true stem proportion. At the 

true reproduction phase the plant will produce its inflorescence and push this flower 

from the base of the plant, up through the pseudo-stem. This inflorescence is high in 

true stem and a corresponding decrease in leaf proportion is observed. All these 

factors contribute to a decline in the digestibility of the perennial ryegrass plant at 

reproduction (Wilkins and Rognli, 2002).  



18 

 

Figure 2.4 displays a representation of a perennial ryegrass tiller. Asexual 

production of reproductive tillers is essential for plant survival over many years. 

These tillers emerge from single growing points, encased in leaves, that possess their 

own root system. They possess the ability to produce new daughter tillers from buds 

at the axil of the main stem leaves (Hodgson, 1990). The growing points of these 

tillers are known as apical domes and are located at the base of the plant (Jewiss, 

1972). New leaves develop from primordial cells on this apex, elongating rapidly 

from alternative sides of the apex through cell division and elongation. Grass leaves 

consist of sheath and lamina material tightly folded inside one another (or rolled 

during the reproductive phase) from which leaves appear and unfold (Langer, 1979). 

The leaf lamina is generally longer than the sheath and is separated by the ligule. The 

function of the lamina is to conduct the bulk of the photosynthesis while the sheath is 

primarily responsible for lifting the lamina towards the sunlight (Langer, 1979). 

 

Figure 2.4 Perennial ryegrass plant morphology (Donaghy and Fulkerson, 2001). 
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2.2.1 Breeding 

Unlike other agricultural crops, such as cereals, breeding of forage grasses is a 

relatively new endeavour beginning in the early 20th century. The Welsh Plant 

Breeding Station (1919 – 1969), developed the first successful perennial ryegrass 

varieties, including S23 and S24 (Duller et al., 2019). These varieties were part of the 

first commercially available seed mixtures coming to market in the 1930s/40s in the 

United Kingdom (UK) and offered increased performance over native populations, 

(Wilkins and Humphreys, 2003).  

Perennial ryegrass is an outcrossing plant that uses self-incompatibility to 

maintain genetic diversity. Incompatibility prevents fertilisation between pollen and 

pistils possessing the same S and X alleles forcing the perennial ryegrass plant to 

out-cross. Traditional grass breeders use genetically diverse plant populations 

sourcing germplasm from existing varieties, wild ryegrass populations or gene banks 

of material from differing climatic regions (Connolly, 2001). 

The emphasis placed by breeders on individual traits is dictated by the relative 

importance of each perennial ryegrass trait to their intended production system. This 

importance is generally linked to the potential profit derived from increases in the 

trait of interest (Stewart and Hayes, 2011). The traits must also have the potential for 

genetic gain. As the value of forage crops is realised through animal performance, 

production traits such as DM yield and herbage quality are generally regarded as the 

most important (Grogan and Gilliland, 2011). Persistence is also an important trait as 

reseeding is a high cost investment which must be returned back to the farmer over 

time. Depending on the region of use, increased emphasis may be placed on disease 

and pest resistance (Reheul and Ghesquiere, 1996). Accurate and (relatively) cheap 
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methods of trait assessment are required as breeders need efficient means of 

screening vast numbers of individual plants and synthetics in their breeding 

programmes. This is necessary to ensure genetic gain is achieved in each new 

generation and to recoup the development costs plus profit for plant breeders 

(Wilkins and Humphreys, 2003, Gilliland et al., 2020). Where direct measurement of 

a trait of interest is prohibitively expensive, proxy traits with strong correlations to 

the target trait may be employed (Faville et al., 2010). 

A number of methods have been developed and exploited to breed new perennial 

ryegrass varieties such as recurrent selection, creation of tetraploids, hybridisation 

and introgression of new germplasm. Genetic modification (GM) also exists to 

further improve genetic advancement. For example, the lipid content of perennial 

ryegrass leaves has been increased through the artificial introduction of genes, 

resulting in increased rates of photosynthesis (+20%) and increased nutritive value of 

grasses (+10% ME) highlighting the potential rapid agronomic gains to be made 

from such new technologies (Bryan and Roberts, 2015, Fritsche et al., 2018). 

However, the out-crossing nature of perennial ryegrass creates an extremely high risk 

of pollen of GM plants dispersing into the environment and breeding with native 

populations. Consequently, there is considerable resistance to the adoption of this 

technology, particularly in the European Union (EU), that has curtailed its 

widespread use. Marker assisted selection has been used to increase the rate of 

genetic gain (Grinberg et al., 2016). It allows inferior genetic lines to be identified 

and removed at an earlier stage in the breeding process, improving selection accuracy 

and bestowing savings in the associated evaluation, selection and recombination 

costs of the breeding process (Conaghan and Casler, 2011, Skøt et al., 2018).  
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2.2.2 Ploidy 

Perennial ryegrass is naturally diploid (2n = 14), with no naturally occurring 

polyploidy in nature (Nair, 2004). Tetraploid (2n = 28) perennial ryegrass varieties 

were first developed in the 1960s, using colchicine to double the number of 

chromosomes (Myers, 1939). Since the development of tetraploid varieties, their use 

has increased in Ireland to 40% (Grogan and Gilliland, 2011). In 2019, the 

importation of tetraploid and diploid seed was still at a similar level. Ireland has had 

the highest uptake of tetraploid varieties of all countries in the EU (Connolly, 2001). 

Agronomic and morphological differences occur between diploid and tetraploid 

varieties. Tetraploids tend to have fewer, but larger tillers (Smith et al., 2001). 

Tetraploid cell size is larger than diploid which increases the ratio of cell contents to 

cell wall (Burns et al., 2012a), with subsequent increases in nutritive value and lower 

DM content compared to diploids (O’Donovan and Delaby, 2005, Wims et al., 2017, 

Meehan and Gilliland, 2019).  

Based on published RL performance of tetraploids and diploids, herbage DM 

yield potential differences between both ploidies is minimal, although the literature is 

conflicting. Connolly (2001) found a yield advantage of tetraploids over diploids, but 

Balocchi and López (2009) reported a yield advantage of diploids. Increased yields 

of tetraploid varieties has also been recorded in Gowen et al. (2003) and Burns et al. 

(2012b). Tetraploids are believed to be advantageous in grazing systems due to their 

sward canopy structure. Mitchell (1995) reported that tall, low density swards are 

more conducive to grazing as animals achieve greater intake per bite compared to 

short, dense swards. Greater extended tiller height (displayed by tetraploids) was also 

allied to greater intake in studies by Gilliland et al. (2002b) and Byrne et al. (2018). 

Due to their more open swards as indicated by their marginally lower ground scores, 
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it is perceived that tetraploids have poorer persistence than diploids. Byrne et al. 

(2017a) found that tetraploids did display lower density than diploids but also had 

lower levels of plant mortality.  

Previous studies suggest that animals grazing tetraploid swards have increased 

production compared to those grazing diploid swards. Lamb output from tetraploid 

swards was 16% greater than diploid swards in a study by Vipond et al. (1993). 

Wims et al. (2013b) found a 6% greater milk yield advantage of tetraploid swards 

which agrees with McEvoy et al. (2013) who reported that cows grazing tetraploid or 

diploid swards had milk solid yields of 2.17 and 2.05 kg/day, respectively. Cows 

grazing tetraploid swards had greater intake rates of 0.6 kg DM/day which was 

responsible for increased milk solids production (Hageman et al., 1993). Gowen et 

al. (2003) also recorded higher intake rates for tetraploid varieties compared to 

diploid varieties.  

2.2.3 Maturity 

As perennial ryegrass plants progress through the growing season, they respond to 

longer daylight hours and transition from a vegetative to a reproductive state. During 

this transition the plant will switch allocation of resources from leaf production to the 

formation and development of its reproductive body (seed head). The timing of this 

transition influences the agronomic characteristics of a variety such as spring growth 

rate and digestibility (Hurley et al., 2009). Varieties are categorised into three 

maturity groups based on this timing, calculated as the day when 50% of the plants 

show seed heads just emerged (Green et al., 1971). In the UK and Ireland, ‘early’ 

heading varieties become reproductive in the first half of May, ‘intermediate’ 
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heading varieties in the second half of May and ‘late’ in the first half of June 

(DAFM, 2018a).  

Earlier heading varieties display earlier and more rapid declines in digestibility 

compared to later heading varieties which delay reproductive development to 

early/mid-summer (Gately, 1984). These negative effects on nutritive value make 

early varieties less well suited to efficient mid-season grazing, but their high spring 

seasonal growth makes them suitable for specialised early grazing use and/or in 

silage production systems where an early, high yielding first cut is required 

(Humphreys and O'Kiely, 2006). Late heading varieties tend to maintain their green 

leaf proportion later into the growing season (Gilliland et al., 2002a, Gowen et al., 

2003) resulting in a higher and sustained herbage quality with further beneficial 

effects on herbage intake and milk production (O’Donovan and Delaby, 2005). For 

these reasons, late heading varieties dominate the Irish seed market in 2018 

accounting for 78% of annual perennial ryegrass seed imports (DAFM, 2018b). 

Intermediate varieties accounted for the remaining 22%. In Northern Ireland, where 

growing conditions impose a longer housing period over winter, farms have to 

depend more on grass silage, there is a higher usage of intermediate heading varieties 

(Gilliland et al., 2007).  

2.2.4 Sward renewal 

Swards with a high production potential are required to support intensive grass based 

production systems. Over time grass swards become less productive due to the 

invasion of native grass and weed species (Marriott et al., 1997). These grass species 

are less efficient at using the resources available to them (nitrogen, etc.) and are 

lower yielding compared to perennial ryegrass (Creighton et al., 2010). Even if sown 
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perennial ryegrass species persist within the sward, over time the sward’s 

performance potential will become surpassed due to genetic gain from breeding. The 

benefits of sward reseeding have been recognised since the mid-20th century with 

Stapledon and Davies (1948) promoting an “Attack on permanent grassland”, which 

endeavoured to renew permanent grasslands into highly productive leys. Today, 

sward renewal levels within Ireland appear to be low, with 2% of the total grassland 

area reseeded annually. Not all grassland is suitable for reseeding (soil type, altitude, 

aspect, etc.) and economically it is desirable to get between 5 - 10 production years 

from a reseed sward. Annual reseeding levels closer to 10% would optimise the 

relationship between sward productivity and reseeding investment costs (Shalloo et 

al., 2011). On specialist ruminant production farms, particularly dairy enterprises, 

where pasture production is a limiting factor to farm profitability, reseeding levels 

are estimated to be higher at around 7% annually (Creighton et al., 2011). Beef and 

sheep enterprises tend to operate at a lower stocking rate reducing the need for 

maximum grassland output, which may explain the low levels of reseeding carried 

out within these enterprises. Farm profitability increases with increased levels of 

reseeding on farms with Shalloo et al. (2011) demonstrating the economic benefits of 

reseeding pasture, which was driven by increased herbage production, increasing the 

carrying capacity of farms. Given that reseeding costs are expensive and in order to 

recover this cost and capture the economic benefit of reseeding, stocking rates must 

be optimised to match pasture production (Shalloo et al., 2011).  

Limited studies exist detailing the benefits of sward renewal. In Australia, 

Lawson and Kelly (2007) found a 1.1 t DM/ha per year advantage of oversowing 

perennial ryegrass versus maintaining the existing 15 year old ley. A full reseeding 

treatment was also examined within this study with the loss in pasture production 
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during the reseeding period detrimentally affecting performance in the following 

growing season, highlighting the importance of returning reseeded paddocks back to 

production in the year of reseeding. Many other studies report that the loss of DM 

production during the reseeding period is equal to the benefit gained in the following 

production season(s) (Conijn, 2004). Creighton (2012) found that where original 

sward performance was low, particularly in swards with low perennial ryegrass 

proportions, no loss in herbage production was recorded in the same year as sowing. 

 

2.3 White clover 

White clover (Trifolium repens L.) is a leguminous plant that plays an important role 

in temperate grasslands because of its tolerance to grazing, high nutritive value and 

its symbiotic relationship with nitrogen fixing bacteria. Grass DM and milk 

production benefits from grass clover swards have been demonstrated in studies by 

Enriquez-Hidalgo et al. (2018) and McClearn et al. (2019a) demonstrating the 

synergistic relationship between both species. The nitrogen fixing ability of clover 

can also reduce the requirement for artificial nitrogen application (Andrews et al., 

2007). Ensuring that perennial ryegrass and clover can be maintained at optimum 

proportions over the entire lifetime of the sward is key to maximising this 

relationship as inadequate management can result in a decline in clover proportion 

over time (Lüscher et al., 2014). This is a considerable challenge as grass/clover 

compatibility is a complex association that is influenced by the morphological and 

physiological characteristics of each species, their reaction to management factors 

and the climatic, edaphic and biological conditions experienced (Frame et al., 1998). 
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2.3.1 White clover morphology 

White clover is a cool season plant and a member of the Fabaceae family. It has a 

stoloniferous growth habit and an adventitious root system (Laidlaw and Frame, 

2013). White clover plant establishment and growth is divided into three phases: 

germination phase, tap root phase and clonal growth phase (Brock et al., 2000). At 

germination, a tap root and primary stem is produced which will persist for two 

years. After the first leaves are produced the plant will radiate stolons from buds, 

located in the axils of a rosette of leaves (White and Hodgson, 1999). These stolons 

become isolated from the plant once the tap root and primary stem die and continue 

to grow independently thereafter (Brock et al., 2000). Stolons are divided by nodes 

and from each node a new root, stolon, leaf or inflorescence can be produced. 

Generation of new stolons (branching) provides resistance against stress factors such 

as grazing, treading and shading (Pinxterhuis, 2000).  

2.3.2 Grass and white clover swards 

Clover monocultures can produce up to 12 t DM/ha, but is usually grown with 

perennial ryegrass (Frame and Newbould, 1986). The inclusion of clover within 

grass swards has the capacity to improve herbage yield and nutritive value (Guy et 

al., 2018b). Such improvements have been shown to increase animal output 

(McClearn et al., 2020). Some concerns exist with regards to the lower spring growth 

potential of clover as these plants require higher temperatures to grow (compared to 

perennial ryegrass) and therefore do not begin to contribute to herbage production 

until early summer (Frame and Boyd, 1987). Targeted application of N to mixed 

swards in spring is cited as a possible management strategy to overcome spring 

deficit in clover herbage production (Harris and Clark, 1996). This must, however, 
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be conducted in a way that does not overly reduce the clover’s N fixing potential and 

sward production during the main summer growing season (Frame and Boyd, 1987, 

Laidlaw, 1980, Stout and Weaver, 2001).  

Clover has higher levels of crude protein (CP) than perennial ryegrass 

(Thomson, 1984), lower structural fibre (Neutral Detergent Fibre; NDF) content 

(Buxton, 1996) and higher organic matter digestibility (OMD) content (Ulyatt et al., 

1988). The quality of perennial ryegrass monoculture swards tends to decline as the 

grazing season progresses due to advanced maturity (Ulyatt et al., 1976). 

Incorporating white clover in to perennial ryegrass swards can maintain sward 

nutritive value throughout the grazing season and potentially at higher herbage yields 

(Thomson, 1984), as the seasonal change in digestibility of white clover is less than 

that experienced with perennial ryegrass. This is because clover plants will continue 

to produce leaves throughout the growing season, whereas the proportion of leaf in 

perennial ryegrass declines and stem increases with increasing reproductive 

development, which lowers the total herbage digestibility (Ulyatt et al., 1976, 

Beecher et al., 2015).  

Cows grazing perennial ryegrass-white clover swards have been reported to 

obtain greater DM intake than cows grazing grass only swards (Ribeiro Filho et al., 

2003, Ribeiro Filho et al., 2005). This increased intake promotes greater milk 

production (Peyraud et al., 2009, Egan et al., 2018). Wilkins et al. (1994) found that 

increasing the clover proportion in the sward to 20% (from 1%) increased milk yield 

from 23.1 to 25.9 kg/cow/day. Harris et al. (1997) found that irrespective of herbage 

allowance, cows grazing grass-clover swards with a clover proportion of 25% 

produced 22% greater milk yields than grass only swards. A meta-analysis by Dineen 

et al. (2018) found that with a mean white clover content of 31% in the sward, daily 
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milk and milk solids yield per cow were significantly greater than grass only swards, 

by 1.4 and 0.12 kg, respectively. This result is similar to Egan et al. (2018) who 

reported a milk production increase of 1.0 to 1.8 kg/cow/day for cows grazing grass-

clover swards compared to those grazing grass only swards. Cows grazing white-

clover swards had greater milk (+597 kg/cow/year) and milk solids (+48 

kg/cow/year) yield compared to cows grazing grass only swards (McClearn et al., 

2019b).  

2.3.3 White clover use in Ireland 

Increases in herbage production, utilisation and milk yield have been attributed to 

increased proportions of clover within perennial ryegrass swards (Guy et al., 2018b, 

Dineen et al., 2018). White clover has the ability to supply 100 – 300 kg N/ha/year 

though biological nitrogen fixation (Lüscher et al., 2014), reducing the requirement 

for high inorganic N fertiliser application. Despite these benefits, white clover is not 

widely used in Ireland, largely caused by a high dependence on N fertiliser 

application to drive herbage production in perennial ryegrass dominant swards 

(Phelan et al., 2013, Enriquez‐Hidalgo et al., 2016). High applications of N to grass-

clover swards, causes the proportion of clover in the swards to decline (Carlsson and 

Huss-Danell, 2003). This low level of clover content in Irish swards is further 

compounded by grazing managements that are not conducive to maintaining clover 

in the swards. Most damaging practices include inappropriate reseeding times, 

grazing high herbage mass swards and use of broad-leaved herbicides (O'Mara, 

2008). Historically lower inorganic N fertiliser prices relative to product output 

prices has been cited as the principle reason for the low levels of clover seed sales 

(Gilliland et al., 2009). In Ireland, clover seed sales are estimated to account for 

about 5% of total forage seed sales (O'Mara, 2008).  
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Along with the farm productivity benefits cited previously, rising fertiliser prices 

and the introduction of stricter European legislation in relation to fertiliser use has 

created a renewed interest in white clover use in Ireland. Since 2020, new legislation 

has set rules dictating that a minimum level of clover seed (1.5 kg/ha) must be 

included within grass seed mixtures sown on Irish dairy farms operating within 

nitrate derogation regulations (i.e. farms operating with high stocking rates of ≥ 170 

kg Organic Nitrogen/ha; Teagasc (2020)). Research needs to identify the optimum 

grass-clover sward management strategies to ensure high proportions of clover are 

maintained within these high stocking rate systems (Chapman et al., 2016). 

 

2.4 Animal grazing behaviour 

Understanding the influence of sward factors on animal intake is key to developing 

optimum feeding strategies to maximise the proportion of grazed pasture within dairy 

cow diets (McEvoy, 2008). Ultimately grazing animals are motivated to select a diet 

of higher quality but where dietary choices are of acceptable quality, sward structural 

characteristics have a greater influence on selection (Griffiths et al., 2003). 

Therefore, the sward structural characteristics of different herbage varieties and 

species can have an even greater effect on overall intake rate than forage quality 

(Barre et al., 2006).  

2.4.1 Animal factors 

The length of time occurring between meals influences feeding motivation which in 

turn influences the ingestive tactics of the animal (Forbes and Gregorini, 2015). 

Hungry cows can eat the majority of their daily DM intake in a very short period of 
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time (Gregorini et al., 2017). Chilibroste et al. (2007) found that fasted dairy cows 

grazed 85% of their total daily DM intake in 4 hours. Gregorini et al. (2011) reported 

that fasted cows had a greater bite rate, intake rate and stride length; they also walked 

faster and explored a smaller area while grazing when compared with non-fasted 

cows. This large intake of food in a short period of time is poorly masticated and will 

require increased rumination time to allow for particle-size reduction (Spalinger et 

al., 1986). Fasting of cows has been used as a grazing management strategy, to 

incorporate increased proportions of grazed grass in dairy cow diets during periods 

of adverse weather. This is particularly the case in spring when farmers are following 

a spring rotation planner (Kennedy et al., 2009, Claffey et al., 2019). Fasting cows 

for a period of time before grazing motivates them to graze an allocated area of 

herbage in a shorter period of time, reducing the potential treading/poaching damage 

on the sward.  

Gregorini et al. (2015) found that cows, selected as calves for divergent 

‘Residual Feed Intake’ (RFI), displayed different grazing patterns that affected their 

efficiency of grazing. Cows that were more grazing efficient walked less, masticated 

less and had a greater bite rate. As a result, these cows expended less energy while 

grazing. Grazing behaviour traits were examined between bulls fed at grass and 

subsequently finished within an indoor feeding system by Lahart et al. (2020). The 

authors found large re-ranking between animals for grazing behaviour traits 

indicating that selecting animals with increased RFI (calculated based on intake 

measured within indoor systems) for use in grazing systems may be limited. Rossi 

(2005) found that cows of higher genetic merit (Breeding Worth; Dairy NZ (2020a)) 

had greater DM intake and intake rate which indicated that the Breeding Worth index 

may have the ability to select for superior grazing animals. More research is required 
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in this area as Al-Marashdeh et al. (2020) failed to find any difference in grazing 

traits between low and high genetic merit cows.  

It is known that forages that supply the most important nutrients are preferred by 

ruminants while foods that supply excess toxins are avoided (Villalba and Provenza, 

2007). Selection of such foods is based on sensorial characteristics and post-ingestive 

effects learnt in early life. Animals grazing single feeds will satisfy their requirement 

for the nutrient(s) occurring in the highest concentration. Exceeding the supply of 

this nutrient beyond the required level may have further adverse effects on the rumen 

micro-biome such that the excess nutrients become toxins and rumen function is 

constrained (Provenza, 1996). Cows with free access to graze adjacent monocultures 

of grass and clover preferred clover (70%) but had higher overall DM intake than 

cows grazing monocultures of either species (Chapman et al., 2007). This result 

shows that while greater nutrient intake would have been possible by maximising 

intake of the clover monoculture, some constraint within the cows’ digestive system, 

motivated the animals to include perennial ryegrass within their diet (Chapman et al., 

2007). Excess production and uptake of ammonia within the rumen has been cited as 

a possible reason for the reduced intake of clover monocultures (Cosgrove et al., 

1999). 

2.4.2 Plant factors 

Grazing ruminants consume their food in discrete grazing events (Gregorini et al., 

2006) and selectively graze in response to changing sward conditions (Gibb et al., 

1997). This selection occurs between species, varieties and also within different 

proportions of a plant itself (Stobbs, 1973). Sward structure influences the quantity 

and rate of intake of herbage by grazing animals (Hodgson, 1985). Sub-optimal 
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sward conditions may cause a reduction in bite mass which must be compensated for 

to maintain optimal intake rates. Altering grazing duration and bite rate will offset 

the reduction in bite mass (Forbes, 1988). Grazing time of lactating ewes on a grass 

monoculture was 60% longer than ewes grazing a clover monoculture (534 mins vs. 

342 mins, respectively; Chapman et al. (2007)). Pre-grazing sward height, bulk 

density and leaf:stem ratio have been shown to affect bite mass (Laca et al., 1994, 

Parsons et al., 1994, Kennedy et al., 2009). Bite mass was larger for dairy cows 

grazing tall swards (Tharmaraj et al., 2003) with a greater bite rate reported for 

shorter swards (63 bites per min) than taller swards (54 bites per min). Tharmaraj et 

al. (2003) also reported that bite mechanics change throughout the day as defoliation 

progresses and sward characters such as leaf:stem ratio and bulk density change 

within the lower horizons of the sward. Laca et al. (1994) found that cows grazing 

tall, sparse herbage had faster bite rates compared to short, dense herbage. Griffiths 

et al. (2003) found that the spatial distribution of leaf within the sward had a greater 

effect on cows’ preference for grazing than total leaf mass. They further suggested 

that a cow’s preference follows a hierarchical order of 1. depth of regrowth, 2. sward 

maturity and 3. pre-grazing sward height.  

The distribution of matter within the sward plays an important role in animal 

foraging and selection behaviours (Newman et al., 1995). Higher quality herbage, 

located in the upper horizons of the sward, requires less mastications and is 

preferentially grazed by animals (Griffiths et al., 2003, Tharmaraj et al., 2003). 

Swards are defoliated by horizons using this preferential grazing strategy as animals 

prioritise intake of the more prehensible herbage (Laca et al., 1994).  

Swards are usually heterogeneous in nature as many are established as mixtures 

of varieties/species. Animal grazing and excretion of faeces and urine in previous 
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grazing rotations will also contribute to the heterogeneity of the sward (Parsons and 

Dumont, 2003). Animal preference in such swards can become a constraint to intake 

as searching for preferred forage can incur an additional time-delay cost (Newman et 

al., 1995, Parsons and Dumont, 2003). The degree of selectivity of the grazing 

animal and the relative proportions of the preferred foodstuff determine the 

additional cost of foraging activity (Thornley et al., 1994). Reduced DM intake by 

sheep grazing grass-white clover swards compared to monocultures of either species 

has been reported by Champion et al. (2004). The extra time spent searching for 

clover within the mixed sward was cited as the causal factor.  

 

2.5 Variety evaluation 

In order for sward renewal to be successful the new sward should possess a genetic 

advantage over the previous sward. These trait advantage(s) must also translate into 

farm productivity gains (O'Donovan et al., 2016). Variety evaluations are conducted 

in most countries either by state agencies, universities or independent bodies to 

ensure that new varieties coming to market deliver these gains (Gilliland et al., 

2019). Traits examined within variety evaluation trials may differ between 

states/regions due to differing pressures placed on grass swards. These pressures 

influence management and utilisation of swards which may place differing emphasis 

on the value of certain perennial ryegrass traits (Chapman et al., 2015). The influence 

of evaluation trials on forage seed industries is demonstrated in the rapid uptake of 

leading varieties from the trials (Bentley, 2003). Given this large market influence, 

plant breeders aim to develop varieties that will perform strongly in RL trials 

(Stewart and Hayes, 2011).  
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2.5.1  Irish Recommended List 

Within Ireland, RL trials are conducted by the Department of Agriculture, Food and 

the Marine (DAFM). Trials are carried out at five sites: Backweston Farm, Leixlip, 

Co. Kildare (53°34´N, -6°50´W); Fermoy, Co. Cork (52°16´N, -8°22´W); Raphoe, 

Co. Donegal (54°84´N, -7°60´W); Athenry, Co. Galway (53°3’, -8°.7’); and Piltown, 

Co. Kilkenny (52°37´N, -7°46´W). Perennial ryegrass varieties are assessed over a 

minimum of two sowing years and evaluated over two harvest years (4 years 

agronomic data). Varieties are sown in the preceding spring, established throughout 

the remainder of that year and evaluated the following two years in two separate trial 

protocols: simulated grazing (8 - 10 harvests) and conservation (6 harvests including 

2 silage harvests; DAFM (2018a). 

In 2019, DAFM evaluated 153 varieties with 33 making it onto the 2020 RL. 

Varieties displaying superior performance in their first year of evaluation must repeat 

this performance in year 2 to become recommended.  

2.5.2  Evaluation of traits 

Recommended List trials operate under limited resources therefore only traits with 

the greatest influence on sward productivity/quality and that can be measured at a 

relative low cost, will be evaluated (Wilkins and Humphreys, 2003). In Ireland these 

include seasonal (and total) dry matter (DM) yield, nutritive quality, silage 

production and persistence (absolute ground-score). Disease resistance is not 

routinely evaluated as any varieties displaying acute symptoms in field trials would 

be automatically excluded. This differs from many temperate regions where certain 

diseases are endemic and differences in the level of resistance between varieties is an 

important agronomic attribute. 



35 

 

2.5.2.1  Herbage yield 

Herbage yield is universally measured by all evaluation bodies throughout the world 

as it has the greatest effect on farm productivity. Increasing herbage yield per ha will 

allow the carrying capacity (stocking rate) of the farm to be increased. Stocking rate 

is a major determining factor for profitability of ruminant enterprises (McCarthy et 

al., 2011). McDonagh et al. (2016) examined 40 years of RL evaluation data from 

Crossnacreevy in Northern Ireland and found that herbage yield productivity gains 

over the period were approximately 5% per decade. This rate of gain is low relative 

to other agricultural crops (Foulkes et al., 2007) but it is acknowledged that some of 

the breeding methods used for cereal crops, such as alteration of the harvest index 

(Shearman et al., 2005), cannot be employed by forage grass breeders.  

Within the Irish RL trials, all varieties are harvested using a reciprocating cutting 

bar mower (Haldrup, Lögstör, Denmark). The mown herbage of each plot is weighed 

on a fresh weight basis and a subsample is taken. This sub-sample is oven-dried at 

80°C for 17 hours to determine DM content which is used to determine the DM yield 

of each harvest. Cutting heights vary based on protocol but where possible they 

reflect actual farm practice in a given region. 

Depending on evaluator preference, the published performance of varieties for 

total herbage yield may be expressed as the actual yield which can be compared to 

that of the control varieties, or as a percentage of those control varieties. The 

seasonal distribution of yield is arguably a more important trait especially within 

regions where specific seasonal production periods are a key driver of farm 

profitability. The Irish RL publishes its spring (growth before mid-April), summer 

(growth from mid-April to mid-August) and autumn (growth occurring after mid-

August) harvest of each year in its report.  
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2.5.2.2  Herbage nutritive value 

Herbage nutritive value is a key evaluation trait as it has a large effect on ruminant 

production (Beecher et al., 2015). The most common used measurement of herbage 

quality is digestibility (other evaluation bodies may use metabolisable energy; 

Cosgrove et al. (2018)). Increased digestibility increases the energy content of the 

diet, also leading to an increase in voluntary feed intake (VFI; Peyraud et al. (1996), 

Balocchi and López (2009)). Such increases ultimately lead to increased milk yield 

(Wims et al., 2013b).  

Genetic gain in herbage quality has been less than herbage yield. Sampoux et al. 

(2011) reported in vitro DM digestibility (DMD) gains of 0.49% per decade from 

plot studies containing varieties released from 1974 to 2004 sown concurrently. 

Lawson et al. (2020) used a similar methodology to assess gains in ME from 

varieties released in Australia from the 1970s to 2010 finding little evidence of 

genetic gain for the trait. A 40-year analysis of Value Cultivation and Use (VCU) 

data from Northern Ireland also reported that when the average of all recommended 

varieties at different time points were compared, there was no evidence of genetic 

gain in DMD (McDonagh et al., 2016). However, they found that the difference 

between varieties released concurrently has never been greater, indicating 

digestibility improvements in the future will be possible and some individual high 

performing varieties already exist. 

Other herbage nutrition parameters may also be evaluated such as CP, 

neutral/acid detergent fibre (NDF/ADF), ash, etc. Near infra-red spectrometry 

(NIRS) is commonly used to evaluate many quality factors of plant and animal 

tissues and has been increasingly adopted for use in grass variety trials to assess DM 

% as well as herbage quality (Burns et al., 2012b). In the Irish RL, herbage quality is 
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evaluated from four mid-season harvests of the simulated grazing protocol from 

April to July. Reproductive development occurs during this period allowing for the 

decline in digestibility to be observed and compared between varieties. 

2.5.2.3 Persistence 

The rate of tiller decline differs between varieties (Camlin and Stewart, 1976). Over 

time swards become invaded by weed species (Marriott et al., 1997) but some 

varieties possess a greater ability to resist/slow down this process. The loss of 

perennial ryegrass from the sward results in reductions in DM production and 

nutritive value (Creighton et al., 2012). Ground score is typically used as a measure 

of persistence, assessed on a scale of 0 – 9 (where 0 = 0 - 10% and 9 = 91 – 100% 

cover by the sown species). A low ground score value indicates that the sward has 

low levels of perennial ryegrass and may be more susceptible to further weed 

invasion and poaching. Tetraploids tend to have lower ground scores than diploids 

which has led to an industry belief that they are less persistent. Despite lower ground 

scores recorded for tetraploid varieties in a mechanically harvested study by Camlin 

and Stewart (1976), it was found that both tetraploids and diploids had similar levels 

of DM production over time. 

The rate of change in ground score is a measure that can be used to assess the 

potential longevity of a sward under grazing pressure. In an on-farm variety 

evaluation study conducted in Ireland (Byrne et al., 2017a), initial ground scores 

were higher for diploid varieties (than tetraploids), but as sward age increased, the 

rate in ground score decline was higher for diploids so much so that after 5 years of 

assessment both tetraploid and diploid varieties had similar ground scores (Teagasc, 

unpublished data). Cashman et al. (2016) investigated the effect of ground score 
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change on herbage yield, reporting that a one unit decline in ground score 

corresponded to a 1,683 kg DM/ha reduction in herbage yield. 

2.5.2.4 Silage 

While maximising the proportion of grazed grass in ruminant diets is a key objective, 

the seasonal nature of perennial ryegrass growth means grass silage can account for 

20 - 30% of ruminant diets. The single biggest factor contributing to the cost of 

producing silage is the yield of the crop (Teagasc, 2016). Unproductive swards with 

low levels of perennial ryegrass will have reduced response to fertilisation, resulting 

in lower yielding crops. The Irish RL conducts a conservation management protocol 

which identifies the most superior varieties for silage production. The protocol 

consists of a single grazing in spring, after which the plots are ‘closed’ for 6 - 7 

weeks until the silage crop is harvested and yielded. A second silage harvest occurs 6 

- 7 weeks after this (DAFM, 2018a). The herbage is not ensiled but is assessed for 

digestibility. 

2.5.3 Animal grazing evaluation 

2.5.3.1  Animal grazing plot studies 

The evaluation of varieties within plot-based protocols under mechanical harvesting 

differs greatly from how varieties are employed on farm, particularly on farms where 

the majority of an animal’s diet is in the form of grazed grass (Byrne et al., 2018). 

Animal and plant interactions such as selective grazing, treading, pulling of plants 

and return of animal waste products are not accounted for in such evaluations. The 

absence of tests for animal-plant interactions in routine variety evaluation is largely a 

financial issue as animal response measurements are expensive and variety 

evaluation bodies operate under limited resources. Incorporating additional locations, 
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blocks and measurements within mown harvest evaluations is deemed a more 

efficient use of available resources. Edmond (1964) found that varieties and species 

differ in their tolerance to treading by grazing animals. Kerr et al. (2012) reported 

that certain varieties were more susceptible to plant pulling than others. Other studies 

also report that re-ranking of varieties for herbage yield may occur under animal 

grazing although these results are conflicting within the literature. A study by Binnie 

and Chestnutt (1991) found that cut swards consistently yielded more than swards 

grazed by animals. Conversely Lantinga et al. (1999) found that grazed swards 

consistently yielded more than cut swards at 250 kg N. More recent studies, such as 

Cashman et al. (2016), have found that cutting of swards in a simulated grazing 

rotation can provide an accurate assessment of the relative herbage yield 

performance of varieties under grazing.  

2.5.3.2 On-farm variety evaluation 

The role of variety evaluation is to accurately identify varieties that will lead to on-

farm productivity gains which in turn should translate into profitability gains. 

Utilisation of pasture influences farm profitability (Shalloo, 2009) and differs 

between varieties but is not routinely recorded by evaluation trials. Actual grazing 

performance of varieties was examined in an on-farm grazing study by Byrne et al. 

(2017a). Individual paddocks on over 100 farms in Ireland were reseeded with 

monocultures of varieties from the Irish RL. Farmers recorded data such as herbage 

yield, grazing events, post-grazing sward heights, etc. using PBI (Hanrahan et al., 

2017), allowing for variety comparisons to be made on a number of traits. One of the 

main advantages of this evaluation database is the range of environmental conditions 

varieties will experience. This will give a performance outcome that is more 

reflective of a variety’s tolerance of actual growing conditions on-farm, compared to 
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the evaluation trials that are limited to a few sites. In these on-farm assessments, 

differences in the utilisation potential of varieties were recorded, measured based on 

the observed number of grazing events that each variety supported (Byrne et al., 

2017a). 

2.5.4 Grazing efficiency 

Grazing efficiency is defined as the proportion of herbage consumed by grazing 

animals relative to herbage available (Byrne et al., 2018). It is of particular 

importance to ruminant production systems where the majority of the animal’s diet is 

grazed grass. High grazing efficiency varieties/swards can be characterised as those 

that cattle are able to graze out cleanly to a low residual horizon. McCarthy et al. 

(2013) identified that grazing to low post-grazing sward heights (≤ 4 cm) optimised 

the amount of herbage utilised and this has further been shown to condition the 

sward to produce increased proportions of leaf in subsequent rotations (Tuñon et al., 

2014). Laxly grazed swards incur negative carry-over effects, such as increased 

proportions of stem, sheath and dead leaf with a corresponding reduction in leaf 

proportion (Mayne et al., 1987). These morphological changes frequently lead to 

poor graze-outs (i.e. high post-grazing sward heights) in subsequent rotations (Hunt 

and Brougham, 1967). Using high grazing efficiency varieties could also provide 

labour savings, ensuring post-grazing sward height targets are reached within 

allocated time-frames (provided pasture allocation is correct) and reducing the 

requirement for mechanical correction (topping) of un-grazed pasture.  

Byrne et al. (2018) conducted an assessment of variety grazing efficiency using 

a plot based evaluation protocol. Plots were rotationally grazed by cattle over two 

years and pre-grazing plant traits were measured to test for correlations to grazing 
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efficiency. Tetraploid varieties displayed greater grazing efficiency than diploids in 

this study allied to their higher digestibility and a sward morphology that was more 

conducive to animal intake. Cashman et al. (2016) also reported differences between 

varieties for grazing efficiency with differing levels of DM offtakes observed 

between varieties. 

2.5.5  Economic variety ranking indices 

Published perennial ryegrass variety selection indices are a relatively new 

development in grassland science with the first index in Ireland (the PPI) developed 

in 2011 (McEvoy et al., 2011) and introduced in 2015. The value of selection indices 

has been demonstrated in the cattle breeding industry where the introduction of total 

economic merit indices has assisted farmers in identifying the most profitable bulls 

and cows (Veerkamp et al., 2002). A similar approach has been applied by several 

groups to assess the overall value of perennial ryegrass varieties for ruminant 

production systems (O'Donovan et al., 2016, Leddin et al., 2018, Chapman et al., 

2017). These indices are made up of measurable perennial ryegrass traits than have 

an economic effect on ruminant production systems. In Ireland the PPI is compiled 

from data published in the DAFM RL. This is used to derive the relative agronomic 

differences between varieties. The economic value of each trait is determined based 

on the change in profitability caused by a one unit change in that trait of interest 

(McEvoy et al., 2011), using the Moorepark Dairy Systems Model (MDSM) 

developed by Shalloo et al. (2004b). The relative emphasis of each sub-index is 

calculated providing a greater understanding of the importance of each trait, which is 

only partially indicated by the economic value alone. Genetic standard deviation 

between varieties for traits is calculated and estimated heritability values used to 

determine the relative emphasis of each trait. Figure 2.5 displays the 2020 PPI list. 
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Base values for variety performance are determined based on the mean performance 

of farms nationally, or based on the mean performance of control varieties in routine 

variety evaluations. Figure 2.6 displays the economic value of perennial ryegrass 

traits within the PPI and Figure 2.7 displays the relative emphasis of each trait with 

the index. 
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Figure 2.5 The Pasture Profit Index for Intermediate and Late heading perennial ryegrass varieties 2020 (DAFM, 2020a). 
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Figure 2.6 The economic value the sub-indices in the Pasture Profit Index (DAFM, 

2020a).  

 

 

Figure 2.7 The relative emphasis placed on each sub-index within the Pasture Profit 

Index (DAFM, 2020a).  
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2.5.5.1 Calculation of economic values 

The seasonal ruminant production system in Ireland (and other temperate regions) 

places different value on grass production at different points of the year. In spring 

and autumn grass growth is in deficit (i.e. herd demand > grass growth) and so the 

value of grass growth during this period is increased. Grass growth during this period 

displaces the amount of silage and concentrates that must be included in the diet, 

reducing costs of production (McEvoy et al., 2011, Lewis et al., 2020). Conversely 

grass growth in summer exceeds demand and therefore does not limit farm 

production or require additional supplementation in the diet. As a result, the value of 

summer grass growth is relatively less than spring and autumn growth. The PPI 

economic values placed on 1 kg of spring, summer and autumn DM production is 

€0.16, €0.04 and €0.11, respectively.  

Dry matter digestibility is used to compare varieties for nutritive quality. The 

economic value for quality is calculated based on the reduction in DM intake and 

milk yield caused by a fall in DMD (Jarrige, 1989). As for DM production, the 

timing of digestibility decline has differing effects on farm profitability; hence the 

economic value of DMD varies based on the time of year. Nutritive quality is 

measured from the mid-season (summer) harvests with corresponding economic 

values of -€0.001, -€0.008, -€0.010 and -€0.009 for each g/kg decline in digestibility 

in April, May, June and July, respectively (McEvoy et al., 2011).  

Silage economic values of €0.04 and €0.03 per each kg of DM produced are 

used for 1st cut and 2nd cut silage yield from the conservation protocol of the DAFM 

RL. Farmers selecting varieties for dedicated silage paddocks would be advised to 

choose varieties performing well in the silage trait of the PPI. Variety persistency is 

calculated based on the assumption that the cost of reseeding is €672 per hectare 
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(Teagasc, 2014, O'Donovan et al., 2016). Base variety persistency is assumed to be 

12 years, as even if a variety doesn’t experience a fall in tiller density, it is likely that 

the variety will become outclassed due to genetic gain. Ground score change is used 

to measure persistency based on the principle that a one unit decline in ground score 

will reduce DM production by 1,683 kg DM/ha (Cashman et al., 2016). The change 

in ground score between harvest year 1 and harvest year 2 is recorded and further 

declines in ground score (and yield) are predicted for the following years. Once the 

predicted DM yield decline of a variety falls below the minimum threshold yield (6.5 

t DM/ha), another reseeding event is assumed. The persistency economic value of a 

variety is calculated as base persistency (12 years) minus the number of years 

required to reach the minimum threshold yield, multiplied by the annual reseeding 

cost (€672/12 years = €56/year; O'Donovan et al. (2016)). 

2.5.5.2 New Zealand and Australian FVI 

The New Zealand forage seed industry has also developed an economic ranking 

index for perennial ryegrass varieties called the FVI (Figure 2.8; Chapman et al. 

(2017)). Forage Value Index data is derived from the National Forage Variety Trial 

(NFVT) system, which is conducted and funded by the various seed breeding 

companies based in New Zealand. Each breeding company conducts a minimum 

number of trials to evaluate varieties and these data are collated and analysed. The 

difference in environmental conditions (disease/pest pressures) experienced in 

different regions of New Zealand results in different management of swards 

requiring specific evaluation of varieties for each region (currently four). These 

additional complications faced by the New Zealand seed industry has led to a slower 

rate of development of the FVI. Forage nutritive quality is an example of this, where 

the trait is currently being calculated on a variety functional group (intermediate 
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heading diploids, late heading diploids, tetraploids, etc.) basis rather than individual 

variety evaluations, but steps have been taken to develop variety specific nutritive 

value evaluation experiments (Dairy NZ, 2020b).  

The Australian FVI has been developed using a similar methodology to the NZ 

FVI. Data used for the calculation of the FVI traits is derived from the Pasture 

Variety Trial Network (PVTN), supplemented by data supplied by plant breeding 

companies that meet eligibility criteria (Dairy Australia, 2020). As extreme climatic 

differences exist between dairying regions in Australia, a colour coding system is 

used to identify the most superior variety for a given region. Currently the Australian 

FVI contains seasonal herbage traits only.  

2.5.5.3 Future developments for PPI/FVI 

Farm management practices are not fixed and change over time in response to 

changing markets, regulation and environmental factors (Gornall et al., 2010). For 

this reason, economic variety indices must also be flexible to change. While plot 

trials are accurate in their evaluation of varieties for some traits, they may be limited 

in evaluation of others (Gilliland et al., 2018). Evaluation of new traits with strong 

associations to farm profitability and methods of estimating the economic effects of 

such traits must be developed. Innovative new data sources such as the on-farm 

variety evaluation study (Byrne et al., 2017a) and the FVI evaluation study (Dairy 

NZ, 2020c) should be used to improve the accuracy and robustness of these indices. 

Future consideration should be given for the incorporation of herbage DM stability, 

grazing efficiency/utilisation and environmental traits (Chapman et al., 2015).  
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Figure 2.8 The New Zealand Forage Value Index (VFI) for perennial ryegrass varieties (Dairy NZ, 2020b). 
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2.6 Forage seed mixtures 

Historically, combinations or mixtures of varieties (and/or species) were sown into 

new pasture reseeds to protect against complete failure of establishment or poor 

sward performance of a single variety or seed lot (Cowling and Lockyer, 1968). 

Early mixtures in particular would have contained high species diversity, greatly 

reducing the risk of complete sward failure (Elliot, 1908). Sowing of mixtures 

continues today but failure of establishment is not the main reason for this practice, 

particularly as certified seed testing places a minimum germination threshold for 

commercially sold seed (Culleton et al., 1991). This continuation is currently driven 

at least as much by commercial considerations as by scientific evidence of seed 

mixtures enhancing sward performance. 

2.6.1 Use of grass seed mixtures 

Availability of superior varieties is one reason cited for the continued use of 

mixtures. Lower production volumes of new varieties are common as seed 

companies are unlikely to maximise production of a variety until it has become 

recommended, leaving a real-time lag between recommendation and full commercial 

seed production. As new superior varieties are often in high demand, including the 

variety as part of a mixture partly satisfies this demand, allowing the variety to be 

sown on a greater number of farms (Gilliland et al., 2011). Creating mixtures with 

new and old cultivars also extends the commercial lifetime of older varieties 

allowing breeders and seed companies to recover the cost of developing and 

introducing such varieties to market (Turner, 1997).  
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Varieties excel (and are deficient) in certain traits and therefore combining 

varieties within a mixture is perceived as a way to balance out these effects. 

Alternatively, farmers may wish for a sward to perform strongly in only one trait 

(e.g. high silage yield production) that an individual variety could deliver to an 

exceptionally high level, but may still (almost habitually) prefer mixtures of 

varieties. Tailored mixtures developed by seed companies such as General Purpose, 

Silage and Grazing mixtures have been designed to service varying sward systems. 

Such practices are designed to create commercial brands that attract customer loyalty 

(Turner, 1997) and the evidence from the market place is that this is succeeding. 

Perennial ryegrass varieties are assessed in monoculture, despite this widespread use 

of mixtures, but in the absence of scientific data highlighting any potential 

limitations of mixtures, their continued use is generally supported by seed companies 

for the reasons outlined. 

2.6.2 Competition studies 

A major disadvantage of sowing mixtures of perennial ryegrass varieties within 

swards is that once the seed is placed in the soil, the contribution of each variety to 

sward performance is unknown (Quaite and Camlin, 1986). This is because any 

changing sward dynamics cannot be measured without the use of specialist 

laboratory identifying techniques which can be prohibitively expensive and difficult 

to conduct (Kennedy et al., 1985).  

Camlin (1981) devised protocols to identify perennial ryegrass varieties sown 

within mixtures. The method involved removing individual tillers from swards, 

sowing them separately as spaced plants and identifying each individual by 

examining and comparing each to known morphological traits. This methodology is 



51 
 

complex and labour intensive and is limited by its difficulty to distinguish between 

varieties of similar morphologies. Lattice design experiments have been conducted 

by Gardner (1960) and Harris (1970). Predetermined positions of varieties are 

selected using a wire mesh at ground level and are examined to determine 

interactions between varieties for herbage yield and persistence measurements. The 

design of the experiment may not accurately reflect competitive dynamics between 

varieties at field level as varieties are seldom placed in the soil at known 

intervals/areas. Also as these studies progressed, prostrate growing plants tended to 

become indistinguishable. 

Genotype based identification methods such as those by Huff (1997), Sweeney 

and Danneberger (2000) and Hayward and McAdam (1977) have been the most 

successful in examining sward dynamics. Starch gel electrophoresis has been used in 

various studies to identify varietal proportions within swards (Kennedy et al., 1985, 

Griffith et al., 2016). Starch gel electrophoresis uses the genetic differences, such as 

at the PGI-2 locus, to estimate the proportions of individual ryegrass varieties from 

mixed sward leaf samples. Despite limitations with the PGI-2 method such as the 

requirement for large differences between varieties particularly as component variety 

number increases, the PGI-2 method is robust in its accuracy. Although this is a 

relatively low-tech laboratory test, it still requires a high level of expertise. It cannot 

be used to compare every variety combination and is largely restricted to mixtures of 

no more than three varieties. Its use is, therefore, confined to experimental studies 

into the principles involved in mixed sward dynamics and is not suitable as a routine 

means of testing commercial seed mixtures on-farm. 
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2.6.3 Perennial ryegrass seed mixtures 

There is limited research investigating how mixture performance compares to 

monoculture performance for DM yield and results are often conflicting. Further to 

this, evaluation under grazing is rarely recorded. Culleton et al. (1986) reported that 

DM yield of perennial ryegrass mixtures never exceeded that of the highest yielding 

component variety while DM yield was significantly greater for perennial ryegrass 

mixtures in a study by Jones and Roberts (1994). Examination of other varietal traits 

such as nutritive quality and grazing efficiency is limited. The effect of mixtures on 

sward nutritive quality was investigated by Griffith (2014) who found that 

digestibility of mixtures never exceeded that of the most digestible component 

variety. Recent evidence of increased performance of tetraploid varieties within 

grazing systems had led to increased proportions (>50%) being included within 

perennial ryegrass seed mixes (Glanbia Ireland, 2020). Studies by Gilliland et al. 

(2011) and Griffith et al. (2016) both reported that an optimum threshold of 

tetraploid varieties may exist for their inclusion in mixtures. Where tetraploids were 

sown in reduced proportions (30%) with diploids, they increased in proportion up to 

50%, over time. However, there was also a risk if included at higher levels that they 

may come to almost totally dominate the sward. In order to establish and maintain a 

mixed sward in the desired proportion of varieties, knowledge of the competitive 

hierarchies and dynamics of different variety types (ploidy, maturity, growth habit, 

etc.) is an essential starting point.  
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2.6.4 Multispecies seed mixtures 

Rhodes (1970) found that under infrequent defoliation (conservation/silage protocol), 

certain mixtures of perennial ryegrass varieties, differing in growth habits, yielded 

more than the highest component variety. This led to the conclusion that certain 

combinations of perennial ryegrass varieties can utilise environmental resources 

more efficiently than any of their component varieties could achieve when sown 

alone in monocultures. Many studies such as McBratney (1978), Culleton et al. 

(1986) and Griffith (2014) disagree, failing to find conclusive evidence to support the 

use of perennial ryegrass mixtures to optimise production from pasture. One reason 

cited for the negligible benefit is the relatively low degree of diversity between 

varieties within this single species. Where increasing diversity exists within swards, 

the ability to capture and utilise the available resources is increased and it is this 

increased capture that leads to greater productively gains overall (Nyfeler et al., 

2009). This has led to a growing interest in the use of multi-species mixtures within 

ruminant production systems with a particular view to improving the environmental 

sustainability of pasture swards (Connolly et al., 2018).  

The effect of increasing sward species complexity has also been investigated in a 

study by Grace et al. (2018a) who found that a six species sward significantly yielded 

more herbage than a perennial ryegrass/clover mixture at the same level of nitrogen 

fertilisation. Grace et al. (2018b) also found ewes and lambs grazing multispecies 

swards reached target slaughter weights earlier than those on grass only swards. 

Including plantain within multispecies swards has been identified as a possible 

mitigation strategy against urinary nitrogen excretion (Judson et al., 2018). Box et al. 

(2017) found that perennial ryegrass/clover/plantain swards supported the same level 

of milk production whilst reducing urinary nitrogen excretion from dairy cows. 
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Concerns about the persistency of plantain species exists particularly under grazing 

as research suggests they may be short lived relative to perennial ryegrass swards in 

Ireland (Grace et al., 2018a). Breeding of more grazing tolerant plantain varieties 

and/or development of optimum grazing strategies are required for plantain (and 

other herb species)/perennial ryegrass mixtures to have a future role within intensive 

grazing systems (McCarthy et al., 2020).  

 

2.7 Thesis Objectives 

The omission of a measure of grass utilisation within routine perennial ryegrass 

evaluation protocols is a major limiting factor to the development of grazing varieties 

for ruminant production systems. The overall, primary objective of the research work 

completed in this thesis was to develop a methodology for the routine evaluation of 

grazing efficiency between perennial ryegrass varieties. If such an evaluation was 

adopted into RL evaluations, plant breeders would be incentivised to breed varieties 

with strong performance in grazing efficiency. To aid breeders in this endeavour, 

pre-determining plant traits influencing variety grazing efficiency were also 

identified as a key topic to be investigated. Therefore, the second aim of this thesis 

was to find and validate easy-to-measure proxy traits that could be incorporated into 

plant breeder selection programmes.  

As the PPI ultimately has the greatest influence on perennial ryegrass variety 

selection in Ireland, the third objective was to use the data generated from the 

grazing efficiency evaluations to develop an economic utilisation trait within the PPI. 

Given that the majority of pasture reseeding in Ireland is conducted using variety 

mixtures, a fourth objective was centred on the need to understand the interactions 
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between perennial ryegrass varieties sown as mixtures of varying complexity under 

intensive grazing. 

These four major objectives of this thesis are more precisely defined as: 

1. To evaluate perennial ryegrass varieties for differences in grazing efficiency 

using rotational animal grazing.  

2. To determine differences between perennial ryegrass varieties for production, 

chemical composition and morphological traits and identify proxy traits 

associated with superior variety grazing efficiency. 

3. To develop a new grazing efficiency economic trait for inclusion into the 

Pasture Profit Index. 

4. To evaluate the agronomic performance of perennial ryegrass varieties sown 

as mixtures of varying complexity examined under animal grazing.  
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Chapter 3: General Materials and Methods  
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3.1 Sowing and establishment 

The variety plot studies described in this thesis were conducted at Teagasc, Animal 

& Grassland Research and Innovation centre, Moorepark, Fermoy, Co. Cork, Ireland 

(lat. 50°07’N, long. 08°16’W, 40 m asl). Soil type was a free draining acid brown 

earth soil of sandy loam texture. Varietal treatments were sown with a Wintersteiger 

seeder (Wintersteiger Plotseed S; Wintersteiger AG., Dimmelstrasse 9, 4910 Ried im 

Innkreis, Austria). Diploid and tetraploid varieties were sown at 35 and 45 kg seed/ha 

respectively to account for differences in seed size. Prior to sowing, 4.95 t/ha of lime 

was spread and fertiliser was applied to the seedbed at 38 kg/ha of N, 38 kg/ha of P 

and 75 kg/ha of K. Post emergence broadleaf herbicide was applied 4 weeks after 

sowing. Varieties from the 2016 Irish Perennial Ryegrass Recommended List were 

examined within Chapter 4 and Chapter 5 of this thesis. Table 3.1 displays the 

varieties examined and their relative ploidy and heading date classification. 

3.2 Grazing management 

Plots were rotationally grazed when the average herbage mass across all plots was 

visually estimated to be 1400 kg/ha of dry matter (DM) above cutting height (3.5 

cm), as described by O'Donovan et al. (2002a). Cows remained within their 

allocation until the average post-grazing sward height across the allocated area was 4 

cm (visually assessed). On average 60 spring calving cows grazed the plots 

throughout the year. Dung pats were manually removed after each grazing and 

fertiliser was applied to the plots post-grazing. Annual fertiliser application rates 

were: 310 kg N/ha, 30 kg P/ha, 40 kg K/ha and 20 kg S/ha. Potential return of N was 

removed from faeces (as dung pats removed) from the plots and no slurry was 

applied.   
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Table 3.1 The Irish Perennial Ryegrass Recommended List 2016. 

Variety Ploidy Heading Category (Date) 
First year of 

recommendation 

AberChoice Diploid Late (09 June) 2012 

AberMagic Diploid Intermediate (31 May) 2010 

Boyne Diploid Intermediate (22 May) 2013 

Clanrye Diploid Late (06 June) 2014 

Drumbo Diploid Late (07 June) 2011 

Glenroyal Diploid Late (05 June) 2015 

Glenveagh Diploid Late (02 June) 2012 

Kerry Diploid Late (01 June) 2016 

Majestic Diploid Late (02 June) 2012 

Nifty Diploid Intermediate (27 May) 2016 

Piccadilly Diploid Late (03 June) 2012 

Rosetta Diploid Intermediate (24 May) 2013 

Solomon Diploid Intermediate (21 May) 2011 

Stefani Diploid Late (02 June) 2012 

Tyrella Diploid Late (04 June) 2008 

AberGain Tetraploid Late (05 June) 2013 

AberPlentiful Tetraploid Late (09 June) 2014 

Alfonso Tetraploid Late (04 June) 2016 

Aspect Tetraploid Late (06 June) 2014 

Astonenergy Tetraploid Late (02 June) 2015 

Carraig Tetraploid Intermediate (24 May) 2012 

Delphin Tetraploid Late (02 June) 2002 

Dunluce Tetraploid Intermediate (30 May) 2007 

Kintyre Tetraploid Late (07 June) 2012 

Magician Tetraploid Intermediate (22 May) 1999 

Navan Tetraploid Late (06 June) 1999 

Seagoe Tetraploid Intermediate (28 May) 2014 

Solas Tetraploid Late (10 June) 2015 

Twymax Tetraploid Late (07 June) 2007 

Xenon Tetraploid Late (11 June) 2016 
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3.3 Production measurements 

Pre-grazing herbage yield was determined by cutting a sub section (cut area varying 

by trial) of each plot with an Etesia motor harvester (Etesia Hydro 124D; Etesia UK 

Ltd., Warwick, UK) to a height of 3.5 cm. The cut area was rotated at each grazing 

rotation across non-overlapping areas of each plot. Mown herbage (fresh) was 

weighed and a 0.1 kg sample dried at 90˚C for 16 hours to determine DM content. 

Pre-grazing sward height was measured 10 times on each plot using a Jenquip rising 

plate meter (Jenquip Rising Plate Pasture Metres, New Zealand; diameter 355 mm 

and 3.2 kg/m2) and post-grazing sward height was measured in the same manner 

(Castle, 1976). Post-grazing sward height was not recorded from the cut area. Height 

consumed was calculated as the difference between pre-grazing sward height and 

post-grazing sward height. Herbage density was calculated as pre-grazing herbage 

mass divided by pre-grazing sward height minus 3.5 cm (cut height; Tuñon et al. 

(2014)). Proportion of available herbage consumed was developed as a measure of 

grazing efficiency, comparing the amount of herbage removed from variety plots. 

This was calculated as height consumed multiplied by herbage density, divided by 

pre-grazing herbage yield. As varieties were grazed to different post-grazing sward 

heights, different amounts of un-grazed DM were carried into the following rotation. 

To avoid herbage accumulation being accounted in two rotations, the un-grazed DM 

within each plot from grazing event ‘n’, above 3.5 cm (cutting height), was 

subtracted from herbage mass of the same plot in grazing event ‘n+1’, as measured 

by the Etesia cut (Delaby et al, 1998).   
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3.4 Nutritive quality measurements 

At each grazing a second sub-sample was taken from the mown herbage of each plot, 

freeze-dried at -50˚C for 72 hours, milled and scanned under Near Infra-red 

Spectrometry (NIRS). An equation derived from Burns et al. (2012b) was used to 

measure Neutral Detergent Cellulase Digestibility (NDCD), Crude Protein (CP), 

Acid Detergent Fibre (ADF), Neutral Detergent Fibre (NDF) and Ash (mineral) 

content. Organic matter digestibility (OMD) was derived from the equation 0.540 x 

NDCD + 0.348, as developed by Garry et al. (2018).  

3.5 Morphological measurements 

Tiller density was determined once each trial paddock had been closed for the winter 

period in November of each year. Three 100 cm2 sods were obtained from each plot. 

The number of perennial ryegrass tillers, weed grass tillers and dicotyledon species 

present within each sod were counted by a destructive analysis (Jewiss, 1993). 

Ground scores of each plot were also measured during the closed winter period by 

visual assessment using a scale of 0 - 9 where, 0 = 0 - 0.1 perennial ryegrass 

proportion and 9 = 0.9 - 1.0 perennial ryegrass proportion (Camlin and Stewart, 

1976). 

3.6 Meteorological data 

Mean monthly air temperature and rainfall were recorded at Teagasc Moorepark for 

the duration of the fieldwork reported in this thesis (2017 to 2019) and compared to 

the 50-year average (Table 3.2). Mean monthly air temperatures were higher than the 

30‐year average in all months in 2017 with the average temperature being 0.5˚C 

higher than the 30-year average. Temperatures in early spring 2018 were below the 



61 
 

30-year average which created low growth rates but from April temperatures 

increased. Annual temperatures in 2018 were 0.5 ˚C above the 30-year average. 

Temperature levels in 2019 were in line with the 50 year average for the area. 

Rainfall was 102, 106 and 107% of the 50-year average for 2017, 2018 and 2019 

respectively and so was in line with the annual over-years average. Differences in 

monthly rainfall did cause grass growth differences between years. In summer 2018, 

a drought took place during the months of May, June, July and August with the 

amount of rainfall 60% of the average for the corresponding period, this drought 

reduced grass growth. Weather conditions in 2017 and 2019 were closer to the 

average climate and resulted in a typical grass growing season. 
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Table 3.2 Meteorological data recorded at Teagasc Moorepark. 

Month Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 

Mean temperature (°C)       

2017 6.3 6.6 8.3 8.7 12.0 14.4 15.8 14.6 12.9 11.5 7.2 6.3 10.4 

2018 6.3 4.0 4.7 9.0 12.6 16.1 17.4 15.6 12.4 9.9 8.1 8.5 10.4 

2019 6.5 7.7 7.5 9.1 11.2 13.0 16.5 15.6 13.6 9.6 6.8 6.0 10.3 

50-yr mean 5.3 5.5 6.9 8.5 11.1 13.8 15.5 15.2 13.2 10.4 7.4 6.0 9.9 

Total rainfall (mm)       

2017 85.3 108.4 115.8 35.6 72.4 95.3 54.1 72.3 115.7 102.2 65.5 110.4 1033.0 

2018 138.4 40.4 88.5 174.8 49.2 32.4 43.4 43.3 60.0 72.4 167.1 168.2 1078.1 

2019 65.9 56.7 117.9 108.9 26.0 88.3 34.6 106.8 71.5 155.0 140.7 115.2 1087.5 

50-yr mean 112.4 82.7 79.6 61.6 68.6 65.4 64.6 81.2 83.9 101.6 102.3 111.3 1015.3 
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Chapter 4: An investigation into the grazing efficiency of 

perennial ryegrass varieties 
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4.1 Summary 

The objective of this study was to compare the grazing efficiency of 30 perennial 

ryegrass varieties, differing in ploidy and heading date. Plots were grazed by 

lactating dairy cows and managed under a rotational grazing system with 27 grazing 

events occurring over three years. Pre-grazing and post-grazing compressed sward 

heights were measured with a rising plate meter. A mixed model was used to predict 

the post-grazing sward height of each variety based on year, grazing event, block and 

pre-grazing sward height. Residual Grazed Height (RGH) was derived as the 

difference between the actual and predicted post-grazing sward height and was used 

as the measure of grazing efficiency. Negative RGH values indicated that the actual 

post-grazing sward height was lower than that predicted and so indicated a superior 

grazing efficiency. Varieties differed in their level of grazing efficiency (P < 0.001), 

with RGH values ranging from -0.30 to +0.29 cm. Tetraploid varieties exhibited 

significantly greater grazing efficiency performance than diploids (P < 0.001), with 

average RGH values of -0.11 and +0.12 cm respectively. A significant difference in 

grazing efficiency was found among recommended perennial ryegrass varieties that 

are not being recorded by mechanically harvested simulated grazing protocols. A 

variety reappraisal that included grazing efficiency could identify varieties capable of 

improving on-farm livestock productivity from grass.   
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4.2 Introduction  

Differences in the grazing efficiency of perennial ryegrass (Lolium perenne L.) 

varieties are shown to influence the level of grass utilisation on farm (Byrne et al., 

2018). Employment of perennial ryegrass varieties with superior performance within 

grazing systems has the capacity to increase utilisation and so enhance the 

profitability of these systems (O'Donovan et al., 2018). 

The Irish Department of Agriculture, Food and the Marine is responsible for 

evaluating varieties of perennial ryegrass in the Republic of Ireland (DAFM, 2018a). 

A protocol requiring frequent mechanical defoliation (8 - 10 harvests a year) is used 

to simulate rotational grazing in dairy systems. Mechanical defoliation protocols may 

be limited in the information they provide as the cutting regime used differs from 

that experienced by the varieties when grazed on-farm. Creighton et al. (2012) found 

no significant difference in herbage yield between variety plots that were 

mechanically harvested and those that were grazed by livestock. This relationship 

between cut and grazed protocols was also observed by Cashman et al. (2016) where 

simulated grazing protocols were found to be reliable in identifying and screening 

elite varieties for herbage yield and digestibility. However, differences in dry matter 

consumed was observed between varieties under grazing, indicating that they may be 

better performing within grazing systems than the cutting management indicated 

(Cashman et al., 2016). Differences between varieties for grazed DM yield found by 

Byrne et al. (2017a) highlighted that certain varieties possess specialist traits that 

make them better adapted to grazing systems. Arguably, the omission of the 

animal/plant interaction from most Recommended List schemes across the EU, is a 

major disadvantage, especially as grass sward performance is realised through animal 

production (Wilkins and Humphreys, 2003). 
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Poorly grazed swards with high post-grazing sward heights are more difficult to 

manage in subsequent rotations as lower digestible stem builds up in the sward 

(Peyraud et al., 2004). Differences in the ability of cattle to graze different perennial 

ryegrass varieties are recognised as achieving target post-grazing sward height 

becomes challenging. Farmers, recognising differences in the efficiency in which 

perennial ryegrass varieties can be grazed, now demand varieties with high 

utilisation potential to be sown on their farms (O'Donovan et al., 2018). 

Grazing to low post-grazing sward heights ensures optimum utilisation of 

pasture and has been shown to increase the proportion of leaf within the sward 

(Tuñon et al., 2014). Leaf is the most nutritious fraction of a grass tiller with the 

highest level of organic matter digestibility relative to pseudo-stem, true stem and 

dead material (Beecher et al., 2015). Therefore, maximising leaf in the diet of the 

cows will enhance milk yield and promote clean, even post-grazing sward heights in 

subsequent rotations.  

Ploidy and heading date differences between varieties are known to seasonally 

influence chemical and morphological characteristics within the sward, which 

subsequently influences the performance of grazing animals. Gowen et al. (2003) 

investigated the effect of variety, ploidy and heading date on milk production and 

herbage intake of dairy cows. It was found that later heading varieties had increased 

DM intakes and milk production over intermediate heading varieties but ploidy did 

not have a significant effect. A similar result was found by O’Donovan and Delaby 

(2005), with a 3% increase in milk yield observed between cows grazing late heading 

versus intermediate heading varieties. Later heading varieties maintain higher levels 

of digestibility later in the grazing season than intermediate heading varieties which 

lends itself to greater dry matter intake (DMI) and subsequent greater milk yield. 
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McClearn et al. (2019a) examined the difference among ploidy groups on milk 

production. Tetraploid swards had lower post-grazing sward height than diploid 

swards but milk production did not differ significantly (P < 0.08).  

The objective of this study was to examine varieties of perennial ryegrass that 

are market leaders in Ireland, for differences in grazing efficiency. The null 

hypothesis for the study was that no differences in grazing efficiency would be 

recorded between varieties. The alternative hypothesis was that some varieties would 

differ in grazing efficiency. Exposing the varieties to similar defoliation conditions to 

that experienced under good sward management practices on-farm (rotational 

grazing systems) was key to reassessing their commercial production potential.  

 

4.3 Materials and methods 

4.3.1 Experimental design 

The location and sowing method used in this study has previously been described in 

Chapter 3 (section 3.1). The experiment was sown in the autumn of 2016 and grazed 

twice during the establishment phase in 2016. Data recording took place over the 

following three grazing seasons; 2017, 2018 and 2019. The thirty varieties of 

perennial ryegrass from the Republic of Ireland’s 2016 National/Recommended list 

were sown (DAFM, 2016). The varieties were sown in randomised complete block 

design in 3 replicates (90 plots). Each plot measured 8m × 4.5m (36m2). The 

varieties examined within this study and their ploidy and heading characterisation is 

displayed in Chapter 3 (Table 3.1).  
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4.3.2 Experimental measurements  

Details of grazing management and measurement of varietal traits have been 

previously described in Chapter 3 (Section 3.2 and 3.3). Given the large area covered 

by the 90 plots, the trial area was divided by block into 3 allocations. The area of the 

mechanical harvest taken on each plot was approximately 7.5 m2 (6 m × 1.25 m). 

The harvest area was rotated across three non-overlapping areas of each plot at each 

rotation. Fertiliser was applied to the plots post grazing. Table 4.1 displays the 

application of fertiliser in 2017, 2018 and 2019. Tiller density and ground-score 

measurements were conducted as in the morphological measurements section of 

Chapter 3 (Section 3.5). 

 

Table 4.1 Summary of post-grazing application of inorganic fertiliser (kg/ha) to 

perennial ryegrass variety plots in 2017, 2018 and 2019.  

 Nitrogen Phosphorus Potassium 

 Timing 2017 2018 2019 2017 2018 2019 2017 2018 2019 

Pre-

application 
- 43 58 - 18 - - 75 - 

Grazing 1 44 45 26 15 15 - 30 30 - 

Grazing 2 44 45 25 15 15 - 30 30 - 

Grazing 3 68 50 25 - - - - - - 

Grazing 4 44 50 34 15 - - 30 - - 

Grazing 5 51 50 51 - - - - - - 

Grazing 6 33 50 33 11 - - 22 - - 

Grazing 7 33 - 51 11 - - 22 - - 

Grazing 8 - - - - - - - - - 

Grazing 9 - N/a - - N/a 37 - N/a 74 

Grazing 10 - N/a N/a - N/a N/a - N/a N/a 

Grazing 11 - N/a N/a - N/a N/a - N/a N/a 

Cumulative 317 333 302 67 48 37 134 135 74 

Pre-application: Fertiliser was applied to plots in early spring 2018 before the first 

grazing event to stimulate growth. 

Number of grazing events in 2017, 2018 and 2019 were 11, 8 and 9, respectively. 

Grazing rotation 8 took place after September 15th in both years. No artificial N 

fertiliser could be applied after this date.  
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4.3.3 Statistical analysis 

The statistical package SAS (SAS Inst. Inc., Cary, NC) was used for statistical 

analysis using the PROC MIXED procedure. The dependent variables pre-grazing 

herbage mass, pre-grazing sward height, post-grazing sward height, proportion 

consumed, tiller density and ground score were analysed with block used as a 

random variable in the model. The equation used for the model was:  

Aijklmno = μ + Yi + Pj +Bk+ Hl + C(PH)mjl + G(Y)ni + (Yi x Pj) + (Yi x Hl) + (Pj x 

Hl) + (G(Y)ni x Pj) + (G(Y)ni x Hl) + eijklmno 

Where:  

Aijklmno = observation; 

μ = mean; 

Yi = year effect (i= 1…3); 

Pj = ploidy effect (j = 1…2); 

Bk = block effect (k=1…3); 

Hl = heading date effect (l= 1…2); 

C(PH)mjl = variety within (ploidy × heading date) effect (m = 1…30); 

G(Y)ni = rotation within (year) effect (n = 1…11); 

PreGH = Pre-grazing sward height 

(Yi x Pj) = year x ploidy interaction; 

(Yi x Hl) = year x heading date interaction; 

(Pj x Hl) = ploidy x heading date interaction; 

(Gn x Pj) = rotation (within year) x ploidy interaction; 

(Gn x Hl) = rotation (within year) x heading date interaction; 

eijklmno = residual error term.  
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In addition, differences in pre-grazing sward height were shown to have a 

significant positive relationship (P < 0.001) with post-grazing sward height (r2 = 

0.72). Comparing grazing efficiency of varieties based solely on post-grazing sward 

height created a bias towards varieties with lower pre-grazing sward height. To 

accurately account for this pre-grazing sward height effect on post-grazing sward 

height, a second mixed model was created based exactly on the original model with 

pre-grazing sward height included as an additional factor within the model. This 

model was used to predict the post-grazing sward height of each variety at each 

grazing event. The effect of pre-grazing herbage yield within the model was also 

examined with pre-grazing sward yield substituted for pre-grazing sward height.  

The predicted post-grazing sward height derived from the model was subtracted 

from the actual post-grazing sward height achieved by each variety. The resulting 

figure is termed the ‘Residual Grazed Height’ (RGH). Where a variety achieved a 

lower post-grazing sward height than the predicted post-grazing sward height, the 

resulting RGH value is negative. This was defined as indicative of good grazing 

efficiency. Greater values of negative RGH are desirable, i.e. a variety with a RGH 

value of -0.4 has greater grazing efficiency than a variety with a RGH value of -0.05. 

In cases where the achieved post-grazing sward height was greater than that 

predicted, the resulting RGH value is positive and therefore the variety is deemed to 

have poor grazing efficiency. Greater values of positive RGH are indicative of poorer 

grazing efficiency. Differences between varieties, ploidy and heading groups for 

RGH were analysed using the model described above. 
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4.4 Results 

4.4.1 Meteorological 

Meteorological conditions experienced during the experimental period have 

previously been described in Chapter 3 (Section 3.6). 

4.4.2 Pre-grazing herbage mass and herbage accumulation 

Herbage accumulation was derived from pre-grazing herbage mass. Pre-grazing 

herbage mass comprised the herbage accumulated since the last grazing plus the un-

grazed DM left after the previous grazing. Pre-grazing herbage mass was higher than 

herbage accumulated for all varieties at each grazing. The average difference 

between pre-grazing herbage mass and herbage accumulation at each grazing event 

was 104 kg DM/ha (1512 kg DM/ha for pre-grazing herbage mass vs. 1408 kg 

DM/ha for herbage accumulation). Spearman’s rank correlation between both 

measures was 0.95. This high correlation existed for annual pre-grazing herbage 

mass and annual herbage accumulated with a Spearman’s rank correlation of 0.96 

between both measures. 

Due to the drought conditions experienced in summer 2018, the 14.2 t DM/ha of 

herbage accumulated in 2017 was significantly (P < 0.001) higher than in 2018, by 

3.9 t DM/ha. Herbage accumulation was highest in 2019 at 15.0 t DM/ha. Despite 

this difference in annual herbage accumulation in 2018, Pearson rank correlation for 

varietal herbage accumulation between 2017, 2018 and 2019 was 0.69, indicating 

that the ranking of varieties between the three years was moderately consistent. The 

average change in rank between varieties was 6 places which ranged from no change 

(2 varieties) to 11 places (3 varieties).  
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Overall Clanrye (Diploid; D) achieved the highest herbage accumulation across 

the three years at 13.8 t DM/ha (Table 4.2). Carraig (Tetraploid; T) had the lowest 

herbage accumulation, producing 2.7 t less than Clanrye (D). Diploid varieties had 

significantly higher (12.9 t vs. 12.1 t DM/ha; P < 0.002) mean annual herbage 

accumulation than tetraploids and within each individual year (Table 4.3). Year × 

variety effects were not significant indicating that varietal herbage accumulation 

ranking was maintained in both years. Variation in herbage accumulation potential of 

varieties within ploidy was evident as the highest yielding tetraploid, AberPlentiful 

(T), had the 3rd highest herbage accumulation ranking overall (13.5 t DM/ha), while 

the lowest yielding diploid variety was Tyrella (D; 11.2 t DM/ha; 29th). There were 

no significant herbage accumulation differences among heading date groups. This 

was despite a significant (P < 0.01) ploidy × heading date interaction, as some 

varieties did not perform true to their ploidy classification. The difference between 

late and intermediate varieties was 9 kg DM/ha (12497 kg DM/ha vs. 12488 kg 

DM/ha respectively). Intermediate diploids yielded 13118 kg DM/ha whilst 

intermediate tetraploids yielded 11859 kg DM/ha (+ 1259 kg DM/ha). Late diploids 

recorded mean herbage accumulation of 12699 kg DM/ha which was 404 kg DM/ha 

greater than late tetraploids.  
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Table 4.2 Seasonal and total herbage accumulation (kg DM/ha/year) and rank of 

varieties examined under grazing (mean 2017-2019 values). 

Variety (Ploidy) 
Heading 

category (date) 
Spring Rank Summer Rank Autumn Rank Total Rank 

AberChoice (D) L (09 June) 2021 17 7904 9 3283 5 13208 8 

AberMagic (D) I (29 May) 2036 13 7653 13 3261 6 12951 12 

Boyne (D) I (22 May) 1997 18 8223 4 3462 1 13682 2 

Clanrye (D) L (06 June) 2135 9 8319 1 3322 3 13776 1 

Drumbo (D) L (07 June) 2164 7 7896 10 3370 2 13430 5 

Glenroyal (D) L (05 June) 1893 22 7984 7 3204 8 13080 10 

Glenveagh (D) L (02 June) 1807 28 7205 20 3084 12 12096 20 

Kerry (D) L (01 June) 1788 29 7573 14 2983 17 12344 18 

Majestic (D) L (02 June) 2024 16 8248 3 3183 10 13455 4 

Nifty (D) I (27 May) 2038 12 7925 8 3193 9 13156 9 

Piccadilly (D) L (03 June) 1857 25 8140 5 2863 21 12860 13 

Rosetta (D) I (24 May) 2252 3 7816 11 3287 4 13355 7 

Solomon (D) I (21 May) 2035 14 7511 16 2899 19 12444 17 

Stefani (D) L (01 June) 1693 30 6950 26 2879 20 11522 25 

Tyrella (D) L (04 June) 1947 19 6647 29 2626 28 11220 29 

AberGain (T) L (05 June) 2488 1 7563 15 3022 15 13073 11 

AberPlentiful (T) L (09 June) 2232 4 8260 2 3001 16 13492 3 

Alfonso (T) L (04 June) 1873 24 6948 27 2640 27 11461 27 

Aspect (T) L (06 June) 2226 6 7277 17 3058 13 12560 15 

Astonenergy (T) L (02 May) 1812 27 6960 25 2691 24 11463 26 

Carraig (T) I (24 May) 1893 21 6607 30 2593 29 11093 30 

Delphin (T) L (02 June) 1875 23 6999 23 2511 30 11385 28 

Dunluce (T) I (30 May) 2255 2 7252 19 3087 11 12593 14 

Kintyre (T) L (07 June) 1834 26 7188 21 2646 26 11668 24 

Magican (T) I (22 May) 2034 15 7117 22 2742 22 11893 22 

Navan (T) L (06 June) 1919 20 6984 24 3044 14 11948 21 

Seagoe (T) I (28 May) 2229 5 6907 28 2721 23 11857 23 

Solas (T) L (10 June) 2118 10 7262 18 2913 18 12293 19 

Twymax (T) L (07 June) 2110 

2163 

11 

8 

8025 

7718 

6 

12 

3231 

2659 

7 

25 

13366 

12540 

6 

16 Xenon (T) L (11 June) 

Mean - 2025 - 7502  2982 - 12509 - 

S.E.M - 98 - 307 - 133 - 399 - 

Variety - *** - *** - *** - *** - 

Year - *** - *** - *** - *** - 

Variety*year - NS - NS - NS - NS - 

Ploidy: (D) = Diploid; (T) = Tetraploid. 

Heading: I = Intermediate (May 21st to May 31st); L = Late (June 1st to June 11th) (as 

per DAFM (2016). 

NS = P > 0.05; *** = P < 0.001. 

 

There were significant differences in seasonal herbage accumulation between 

varieties (P < 0.01). Seasonal herbage accumulation refers to DM production within 

each of the three grass growing seasons: spring (February to April), summer (May to 

August) and autumn (September to November). A herbage accumulation difference 

of 795 and 951 kg DM/ha was recorded between the highest and lowest spring and 

autumn yielding varieties respectively. As expected, varieties performed better for 
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one seasonal yield trait (spring, summer or autumn) than others. For example, Boyne 

(D) was intermediate for spring accumulation but one of the highest yielding 

varieties for summer and autumn (Table 4.2). In contrast, AberGain (T) yielded 

highest for spring accumulation but was intermediate for summer and autumn. 

Overall, the variety seasonal profiles were consistent with their published 

performances in Recommended List trials. Consequently, rank correlations between 

varieties for spring/summer, spring/autumn and summer/autumn yields were low at 

0.32, 0.38 and 0.72 respectively.  

 

Table 4.3 Mean annual herbage accumulation (kg DM/ha/year) of diploids and 

tetraploids. 

Year Diploid Tetraploid S.E.M Year Variety Year*Variety 

2017 14656 13690 293 - *** NS 

2018 10723 9913 293 - *** NS 

2019 13346 12626 293 - *** NS 

Mean 12908 12077 271 *** *** NS 

NS = P > 0.05; *** = P < 0.001  

 

4.4.3 Pre-grazing sward height 

The mean pre-grazing height for all varieties was 10.1 cm (Table 4.4). The difference 

in growing conditions between years resulted in pre-grazing heights of 10.7, 9.3 and 

10.2 cm (P < 0.001) in 2017, 2018 and 2019, respectively. Individual varieties were 

found to differ significantly in their pre-grazing height (P < 0.01). Boyne (D) had the 

highest pre-grazing height and Astonenergy (T) had the lowest at 11.2 and 9.1 cm, 

respectively. Within this varietal variation there was a consistent difference 

associated with the ploidy of each variety. On average, diploids had a significantly 

higher pre-grazing height than tetraploids (10.3 vs. 10.0 cm; P < 0.001). The 
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interaction between ploidy and heading date was significant (P < 0.01), driven by 

underlying varietal variation. Late heading diploid and tetraploid varieties had pre-

grazing sward heights of 9.4 and 9.3 cm, respectively, while a greater difference was 

observed between intermediate diploids and tetraploid varieties at 9.8 and 9.0 cm, 

respectively.  

Table 4.4 Perennial ryegrass variety pre-grazing and post-grazing sward heights and 

ranking (2017-2019). 

 

Pre-grazing sward height (cm) Post-grazing sward height (cm) 

Variety 2017 2018 2019 Mean Mean 

Rank 
2017 2018 2019 Mean Mean 

Rank 
AberChoice (D) 10.9 9.3 10.3 10.3 10 4.5 3.8 3.8 4.1 19 

AberMagic (D) 10.3 8.6 10.2 9.8 22 4.3 3.7 3.8 4.0 15 

Boyne (D) 11.6 10.5 11.3 11.2 1 4.7 4.4 3.8 4.4 29 

Clanrye (D) 11.5 10.2 10.8 10.9 4 4.8 4.3 4.0 4.4 30 

Drumbo (D) 11.3 9.8 10.4 10.6 6 4.6 4.0 3.9 4.2 28 

Glenroyal(D) 10.7 9.1 10.6 10.2 12 4.4 3.9 3.8 4.1 17 

Glenveagh (D) 10.5 9.3 10.4 10.1 16 4.4 3.9 4.0 4.1 21 

Kerry (D) 10.4 8.8 9.8 9.7 24 4.4 3.9 3.8 4.1 18 

Majestic (D) 10.7 9.5 10.3 10.2 13 4.5 3.9 3.9 4.1 22 

Nifty (D) 10.9 9.5 10.5 10.4 8 4.4 3.8 4.0 4.1 20 

Piccadilly (D) 10.4 9.7 10.6 10.2 11 4.5 4.2 3.8 4.2 26 

Rosetta (D) 11.4 10.2 10.7 10.8 5 4.7 3.9 3.8 4.2 27 

Solomon (D) 11.2 9.6 10.2 10.4 7 4.7 4.1 3.7 4.2 25 

Stefani (D) 10.2 8.8 9.8 9.6 26 4.1 3.7 3.7 3.9 12 

Tyrella (D) 9.6 8.6 9.8 9.4 28 4.0 3.7 3.6 3.8 9 

AberGain (T) 11.8 10.2 11.2 11.2 2 4.4 4.0 4.0 4.2 23 

AberPlentiful (T) 11.6 10.0 11.1 11.0 3 4.5 4.0 3.9 4.2 24 

Alfonso (T) 10.4 8.8 9.8 9.7 23 4.2 3.6 3.5 3.8 8 

Aspect (T) 10.8 9.4 10.0 10.2 14 4.2 3.6 3.5 3.8 7 

Astonenergy (T) 9.5 8.5 9.5 9.2 29 3.7 3.3 3.5 3.5 1 

Carraig (T) 9.9 8.2 8.9 9.1 30 3.9 3.4 3.4 3.6 2 

Delphin (T) 10.5 8.9 10.2 9.9 20 4.1 3.6 3.6 3.8 5 

Dunluce (T) 10.6 8.9 9.9 9.9 21 4.2 3.7 3.7 3.9 13 

Kintyre (T) 10.5 8.6 9.5 9.6 27 4.1 3.4 3.5 3.7 4 

Magican (T) 10.6 9.2 10.3 10.1 15 4.3 3.8 3.5 3.9 14 

Navan (T) 10.4 9.3 10.1 10.0 18 4.2 3.7 3.6 3.8 11 

Seagoe (T) 10.3 8.8 9.8 9.7 25 4.3 3.6 3.4 3.8 10 

Solas (T) 10.9 9.0 10.1 10.1 17 4.3 3.7 4.0 4.0 16 

Twymax (T) 10.9 9.0 9.6 9.9 19 4.2 3.5 3.2 3.7 3 

Xenon (T) 10.7 9.6 10.5 10.3 9 4.0 3.7 3.7 3.8 6 

Mean 10.7 9.3 10.2 10.1 - 4.3 3.8 3.7 4.0 - 

Ploidy: (D) = Diploid; (T) = Tetraploid  
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4.4.4 Post-grazing sward height 

The average post-grazing sward height was 4.0 cm, with significant differences (P < 

0.001) recorded between varieties (Table 4.4). There was a 0.9 cm difference 

between the lowest and highest average varietal post-grazing sward height across the 

three years (Astonenergy (T), 3.5 cm; Clanrye (D), 4.4 cm) and an average difference 

of 1.0 cm between the lowest and highest varieties at each grazing event. Tetraploids 

had significantly (P < 0.001) lower post-grazing sward height than diploids, 3.7 cm 

vs. 4.1 cm, respectively across the three years and consistently in each year (Table 

4.5). No significant differences were recorded between intermediate and late heading 

groups but the significant (P < 0.05) ploidy × heading date interaction was repeated 

and again driven by varietal variation. Intermediate and late tetraploids did not differ 

significantly (3.7 and 3.8 cm, respectively; S.E = 0.1) but intermediate and late 

diploids did (4.1 and 4.0 cm, respectively; S.E = 0.05). Mean post-grazing sward 

height was highest in 2017 (4.2 cm), followed by 2018 (3.8 cm) and 2019 (3.7 cm). 

Although there was again a significant difference between years, the Pearson rank 

correlation tests indicated that there was no year × variety interaction (r = 0.78) and 

so differences could be attributed to varietal variation, as shown in Figure 4.1. Figure 

4.2 also shows that while the mean and median of the diploids are higher than that of 

the tetraploids, there is a large overlap within the 50% range box. While there is a 

tendency for diploids to have a higher post-grazing sward height than tetraploids, it 

was not the case that all diploids had higher post-grazing sward heights than 

tetraploids. 
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Figure 4.1 Varietal post-grazing sward height in cm (2017 - 2019). 

 

 

 

Figure 4.2 Box plots displaying the difference in post-grazing sward height within 

the diploid and tetraploid groups (  = mean, - = median, ┬ = maximum, ┴ = 

minimum).  
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4.4.5 Herbage density 

The herbage density results were broadly similar to the previous traits as it was 

significantly affected by variety, ploidy and year comparisons (P < 0.001), and again 

the absence of differences between heading date was repeated with the ploidy × 

heading date interaction reoccurring (P < 0.05), driven by the same underlying 

varietal variation. Majestic (D) had the highest mean herbage density of all varieties 

at 268 kg DM/cm while Delphin (T) had the lowest at 220 kg DM/cm. Overall 

diploids had higher herbage density than tetraploids (247 vs. 238 kg DM/cm) which 

was still apparent despite the underlying varietal variation causing some tetraploids 

to have a higher herbage density than some diploids. Intermediate and late heading 

groups differed by 8 kg DM/cm (242 vs. 234 kg DM/ha, respectively) for tetraploids 

and by 5 kg DM/cm for diploids (245 and 250 kg DM/cm, respectively) but in the 

opposite rank order. Herbage density was lowest in 2017 (206 kg DM/cm; P < 0.001) 

but did not differ significantly between 2018 and 2019 (260 and 262 kg DM/cm 

respectively). 

4.4.6 Proportion of available herbage consumed 

The proportion of available herbage consumed differed significantly between 

varieties (P < 0.001). Astonenergy (T) had the highest proportion of available 

herbage consumed with a value of 1.02, which was 0.13 higher than the lowest 

performing variety, Clanrye (D; Table 4.5). Tetraploid varieties had a significantly 

higher proportion of available herbage consumed than diploids (0.97 vs. 0.92, P < 

0.001). The mean across all varieties for the proportion of available herbage 

consumed was 0.94. 
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4.4.7 Residual Grazed Height 

Grazing efficiency was evaluated using RGH. Residual Grazed Height calculations, 

based on pre-grazing sward height or pre-grazing herbage yield, resulted similar 

RGH rankings (Pearson correlation = 0.99; all values hereafter are calculated using 

pre-grazing sward height). Figure 4.3 shows the range of RGH values for each 

variety in sequential order, which comprised a significant difference across varieties 

of P < 0.001. Varieties with negative RGH values have lower post-grazing sward 

height than that predicted within the model and thus have superior grazing efficiency. 

Grazing efficiency increased from Tyrella (D) to Astonenergy (T) and declined from 

AberGain (T) to Clanrye (D), with only the post-grazing sward height of Stefani (D) 

matching their predicted value (RGH = 0.01). Astonenergy (T) achieved the lowest 

RGH value of -0.30, indicating that it displayed the greatest efficiency in which it 

was grazed by cattle. Clanrye (D) had the highest RGH value at +0.29 (Table 4.6). 

Re-ranking of varieties occurred when comparing post-grazing sward height and 

RGH (Spearman’s rank r = 0.94). The greatest change in rank was 8 places where 

AberGain (T) had a post-grazing sward height rank of 23rd which increased to an 

RGH rank of 15th. Kerry (D) had a rank of 18th lowest pre-grazing sward height and 

therefore was predicted to have a post-grazing sward height of 4.0 cm (rank 11) but 

only achieved a post-grazing sward height 4.1 cm (rank 18). Kerry (D) therefore had 

an RGH ranking of 24th.  
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Figure 4.3 Mean Residual Grazed Height with LSD bars. Residual Grazed Height is calculated as the difference between achieved post‐grazing 

sward height and predicted post‐grazing sward height. Negative values indicate greater grazing efficiency. Achieving lower post‐grazing sward 

height than predicted is indicative of greater grazing efficiency and so negative Residual Grazed Height values are superior. 
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Figure 4.4 Relationship between Residual Grazed Height and herbage accumulation of perennial ryegrass varieties. 
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Table 4.5 Mean annual sward production measurements of perennial ryegrass 

varieties (2017-2019). 

Variety 

Annual 

herbage 

accumulated 

(kg DM/ha) 

Pre-grazing 

sward 

height (cm) 

Post-

grazing 

sward 

height (cm) 

Pred. post-

grazing 

sward height 

(cm) 

Residual 

Grazed 

Height 

(cm) 

Prop. 

Cons. 

AberChoice (D) 13208 10.2 4.0 4.0 +0.07 0.92 
AberMagic (D) 12951 9.7 3.9 3.9 +0.05 0.95 
Boyne (D) 13682 11.1 4.3 4.2 +0.21 0.89 
Clanrye (D) 13776 10.8 4.4 4.1 +0.29 0.89 
Drumbo (D) 13429 10.5 4.2 4.1 +0.17 0.90 
Glenroyal (D) 13080 10.2 4.0 4.0 +0.06 0.93 
Glenveagh (D) 12095 10.0 4.1 4.0 +0.16 0.91 
Kerry (D) 12344 9.7 4.0 3.9 +0.15 0.92 
Majestic (D) 13454 10.2 4.1 4.0 +0.14 0.92 
Nifty (D) 13156 10.3 4.1 4.0 +0.09 0.93 
Piccadilly (D) 12860 10.2 4.2 4.0 +0.20 0.91 
Rosetta (D) 13355 10.8 4.2 4.1 +0.10 0.92 
Solomon (D) 12444 10.3 4.1 4.0 +0.15 0.91 
Stefani (D) 11522 9.6 3.9 3.9 -0.01 0.95 
Tyrella (D) 11219 9.4 3.8 3.9 -0.05 0.96 
AberGain (T) 13073 11.1 4.1 4.2 +0.02 0.91 
AberPlentiful (T) 13492 10.9 4.1 4.1 +0.03 0.92 
Alfonso (T) 11461 9.7 3.8 3.9 -0.12 0.97 
Aspect (T) 12560 10.1 3.8 4.0 -0.19 0.97 
Astonenergy (T) 11463 9.2 3.5 3.8 -0.29 1.02 
Carraig (T) 11092 9.0 3.6 3.8 -0.18 1.01 
Delphin (T) 11209 9.9 3.8 4.0 -0.10 0.96 
Dunluce (T) 12593 9.8 3.9 3.9 -0.05 0.95 
Kintyre (T) 11668 9.5 3.7 3.9 -0.06 0.98 
Magician (T) 11894 10.0 3.9 4.0 -0.14 0.96 
Navan (T) 11947 9.9 3.8 4.0 -0.14 0.96 
Seagoe (T) 11856 9.7 3.8 3.9 -0.11 0.96 
Solas (T) 12293 10.0 4.0 4.0 +0.06 0.94 
Twymax (T) 13366 9.8 3.6 4.0 -0.28 1.00 
Xenon (T) 12540 10.3 3.8 4.0 -0.20 0.97 
Mean 12503 10.1 4.1 4.0 0.00 0.94 
S.E.M 403 0.2 0.1 0.06 0.05 0.01 

Pred. Post-grazing sward height = Predicted post-grazing sward height; Prop. Cons. = 

proportion of available herbage consumed. 

Residual Grazed Height: The difference between achieved post-grazing sward height and 

predicted post-grazing sward height.  
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Figure 4.4 displays a positive relationship between RGH and herbage 

accumulation but given the low correlation (r2 = 0.33), yield potential is not a strong 

predictor of RGH. Tetraploids dominate the left (negative) side of both Figure 4.3 

and Figure 4.4 indicating better grazing efficiency than diploids. The average RGH 

value of tetraploids was -0.11 compared to +0.12 for diploids (P < 0.001), although 

not all varieties obeyed this general trend. For example, AberPlentiful is a tetraploid 

variety with a positive RGH value. 

Varietal ranking for RGH differed significantly between seasons (P < 0.001) 

with Pearson rank correlations of 0.26, 0.52 and 0.75 between spring/summer, 

spring/autumn and summer/autumn (Table 4.7). Ploidy × season interactions were 

also significant with values of +0.07, +0.15 and +0.10 for diploid spring, summer 

and autumn RGH, respectively. Seasonal tetraploid RGH values of -0.06, -0.15 and -

0.09 were recorded for the same period.  
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Table 4.6 The effect of ploidy and heading classification on post-grazing sward height, predicted post-grazing sward height and Residual Grazed 

Height. 

 Ploidy  Heading   

 Diploid Tetraploid Significance  Intermediate Late Significance S.E.M Year 

Post-grazing 

sward height 

(cm) 

4.1 3.7 *** 

 

4.0 4.0 * 0.05 *** 

Predicted post-

grazing sward 

height (cm) 

4.01 3.97 *** 

 

3.99 3.99 NS 0.05 *** 

Residual 

Grazed Height 

(cm) 

+0.12 -0.11 *** 

 

0.03 -0.01 * 0.02 *** 

NS: P > 0.05, *: P < 0.05, **: P < 0.01, ***: P < 0.001 

Residual Grazed Height: The difference between achieved post-grazing sward height and predicted post-grazing sward height. 
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Table 4.7 Seasonal Residual Grazed Height values of perennial ryegrass varieties 

(2017 – 2019).  

Variety Ploidy 
Spring 

RGH 

Spring 

RGH 

Autumn 

RGH 

Mean 

RGH 

AberChoice Diploid 0.18 0.05 0.09 0.08 

AberMagic Diploid -0.02 0.12 -0.05 0.05 

Boyne  Diploid -0.02 0.30 0.20 0.21 

Clanrye Diploid 0.18 0.40 0.15 0.29 

Drumbo Diploid 0.07 0.18 0.24 0.18 

Glenroyal  Diploid 0.07 0.04 0.11 0.07 

Glenveagh  Diploid 0.18 0.15 0.17 0.16 

Kerry Diploid 0.16 0.08 0.29 0.15 

Majestic Diploid -0.10 0.24 0.11 0.14 

Nifty Diploid -0.07 0.16 0.02 0.08 

Piccadilly Diploid 0.00 0.30 0.14 0.20 

Rosetta Diploid 0.17 0.12 0.07 0.11 

Solomon  Diploid 0.12 0.26 -0.01 0.17 

Stefani Diploid 0.08 -0.03 -0.04 -0.01 

Tyrella Diploid 0.02 -0.08 -0.03 -0.05 

AberGain Tetraploid -0.22 0.10 -0.03 0.01 

AberPlentiful Tetraploid -0.27 0.14 0.00 0.03 

Alfonso  Tetraploid 0.06 -0.18 -0.09 -0.11 

Aspect Tetraploid -0.09 -0.19 -0.23 -0.18 

Astonenergy  Tetraploid -0.14 -0.42 -0.15 -0.30 

Carraig Tetraploid 0.10 -0.30 -0.13 -0.18 

Delphin Tetraploid -0.04 -0.28 0.04 -0.15 

Dunluce Tetraploid -0.03 -0.06 -0.05 -0.05 

Kintyre Tetraploid 0.08 -0.32 -0.08 -0.18 

Magican Tetraploid -0.01 -0.02 -0.19 -0.06 

Navan Tetraploid -0.06 -0.16 -0.12 -0.13 

Seagoe  Tetraploid -0.22 -0.03 -0.14 -0.09 

Solas Tetraploid 0.08 0.02 0.11 0.05 

Twymax  Tetraploid -0.10 -0.35 -0.21 -0.27 

Xenon Tetraploid -0.15 -0.23 -0.20 -0.21 
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4.4.8 Tiller density and Ground-score 

The mean diploid tiller density was greater than tetraploid tiller density (4329 vs. 

3472 tillers/m2, P < 0.01) and mean annual tiller density varied between years by 

1294 tillers/m2 (2017: 4087 tillers/m2; 2018: 4455 tillers/m2; 2019: 3161 tillers/m2,). 

AberGain (T) had the greatest mean ground-score of all varieties examined (4.8) 

while Astonenergy (T) had the lowest at 3.3 (P < 0.01). There were, however, no 

significant differences between varieties of the same ploidy or in association with 

differences in heading date. Tetraploids were also found to have declined by 0.5 units 

in their annual ground-score between 2017 and 2019 (P < 0.001; Table 4.8). A 

slower decline in ground-score was recorded for diploids with a 0.1 decrease in 

ground-score recorded over the three years of evaluation. Mean ground-score 

reduced from 2017 to 2019 with values of 4.1, 3.7 and 3.5 for the three years 

respectively (P < 0.01).  

 

Table 4.8 Tiller density and Ground Score of diploid and tetraploid varieties (2017-

2019). 

 Tiller Density (tillers/m2)  Ground Score (0 – 9) 

Year Diploid Tetraploid  Diploid Tetraploid 

2017 4025 4060  4.1 4.0 

2018 4486 3480  4.1 3.8 

2019 4329 3472  4.0 3.5 

S.E.M 239 247  0.1 0.1 

Difference +305 -580  -0.1 -0.5 
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4.5 Discussion 

Genotype × environment interaction effects on variety performance are well 

documented, both in perennial ryegrass variety evaluation trials and on-farm 

(Conaghan et al., 2008). Re-ranking of varieties for herbage yield is accepted in 

established perennial ryegrass variety evaluation protocols as acute climatic 

differences can result in superior/inferior performance of a variety compared to its 

long term mean (Jafari et al., 2003). Therefore a variety’s performance potential is 

normally defined as an average of two or more growing years and/or locations. The 

difference in herbage accumulation between years was caused by below average 

spring growth and summer drought conditions and yet re-ranking of varieties for 

mean annual yield was minimal. As interactions between year and grass parameters 

were largely absent, the three-year mean results offer a robust definition of the 

relative variety ranking for grazing efficiency. 

Research investigating the effect of individual perennial ryegrass traits on farm 

profitability increasingly point to the importance of spring and autumn herbage 

production and so increased selection for improvements in these traits will continue 

(O'Donovan et al., 2016, Chapman et al., 2017). Differences in seasonal grazing 

efficiency were evaluated indicating that certain varieties may have a greater impact 

on animal performance at different periods within the grazing season.  

This study is consistent with other animal grazed variety evaluation trials. For 

example, post-grazing sward height also differed significantly in a plot study by 

Cashman et al. (2016) although to a lesser extent with a 0.3 cm post-grazing sward 

height difference observed between varieties. McDonagh (2017) also found 

significant differences between varieties and ploidy for post-grazing sward height. 
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Similar to this study, tetraploid varieties (Astonenergy (T) and Delphin (T)) were 

grazed lower than diploids (Tyrella (D) and Glenroyal (D)) with a 0.35 cm difference 

recorded between ploidy. Care must be taken when interpreting grazing results as 

legacy effects of high(er) post-grazing sward heights may influence subsequent 

grazing performance (Tuñon et al., 2014). By rotating the mechanical defoliation (for 

yield assessment) across three non-overlapping areas of each plot, indigestible plant 

matter that developed was removed and therefore the possible negative effects of an 

uncharacteristic poor grazing would not influence variety performance for the 

remainder of the grazing season. The number of varieties examined in the previous 

trials mentioned was smaller than in the present study (n = 10 and n = 4 respectively) 

which suggests that a wider and more representative sample of the varietal variation 

in perennial ryegrass has now been quantified. Nonetheless, several varieties are 

common to each study with Astonenergy (T) the lowest grazed variety in all three 

studies. Astonenergy’s (T) superior performance is allied to its known low tiller 

density and higher proportion of leaf within the sward (Wims et al., 2013b). In 

contrast to these studies, Gowen et al. (2003) found no significant effect of variety, 

ploidy or heading date on post-grazing sward height, in a long term farm systems 

cow grazing study. Only four varieties were examined which may have contributed 

to observations of no effect.  

Compressed sward height is calculated as a function of plant height and plant 

density (Holshof et al., 2015). Between and within ploidy groups, sward morphology 

is known to differ which may have an effect on the accuracy of pre and post-grazing 

sward heights. Holshof et al., (2015) found that rising plate meters could be used to 

reliably measure sward height (and herbage yield) but concluded that the effect of 

differing sward density is lacking from our knowledge of rising plate meters. 
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Acknowledgment of this fact must be observed when assessing sward height 

measurements. As higher pre-grazing height was linked to higher yield and higher 

post-grazing sward height, using post-grazing sward height alone as the definitive 

measure of grazing efficiency would create bias favouring varieties with lower pre-

grazing heights and lower yields. To eliminate this bias, the RGH evaluation was 

developed using the same approach as Residual Feed Intake (RFI), used to predict 

animal feed use efficiency (Koch et al., 1963). Like RFI, negative values represent 

more desirable performance potential. Negative values can become a point of 

confusion for farmers which may limit its understanding and acceptance (Connor, 

2014). Therefore, for advisory use, it may be better to express RGH ‘positively’, by 

converting it to an economic value within a selection index for example. Pasture 

Profit Index (PPI) is a perennial ryegrass variety selection tool used to identify 

varieties that offer the greatest economic return to farmers (McEvoy et al., 2011).  

Although tetraploids in general displayed a higher efficiency in which they could 

be grazed, with superior performances for RGH and proportion of available herbage 

consumed, it must be recognised that the method of evaluation was a relative 

assessment between varieties. While it would still be expected that tetraploid 

varieties would display greater grazing efficiency than diploids, the disparity 

between varieties may not be as pronounced in practice. Livestock rarely have a 

choice of what variety to graze and so may be less discriminating and so less 

reluctant to graze certain varieties. This aspect may warrant further investigation. 

Genetic diversity, as revealed by atypical performances of some varieties within each 

level of ploidy, indicates the opportunity for future breeding improvements in 

grazing efficiency. O’Donovan and Delaby (2005) found that tetraploids had greater 

grazing efficiency than diploids with intermediate tetraploids grazed 0.63 cm lower 
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than intermediate diploids in a cow grazing study. No significant difference in post-

grazing sward height was recorded between the intermediate and late heading 

varieties but late heading varieties improved milk yield. Gowen et al. (2003) also 

identified milk yield increases from late heading varieties. Increased proportion of 

leaf within late heading varieties was identified as the main contributing factor. 

Byrne et al. (2018) identified higher digestibility, free leaf lamina and tiller mass as 

plant characteristics related to greater grazing performance. Tetraploids excelled for 

these characteristics relative to diploids in the same study and had better grazing 

performance. Within the study tetraploids were grazed 0.3 cm lower than diploids to 

3.8 cm. In agreement with Byrne et al. (2018) the present study found that later 

heading varieties tended to have lower post-grazing sward height but within this 

study the magnitude was small (0.05 cm) and would not be agronomically 

significant. As the current study revealed only a weak association between grazing 

efficiency and yield, breeders should be able to improve grazing performance of 

varieties without having to compromise on their herbage yield potential.  

Farmers and breeders must be mindful of the negative effects of overgrazing. 

Grant et al., (1981) found that intensely defoliated plants had reduced leaf area, 

relative to laxly grazed plants, and therefore had reduced capacity for photosynthesis 

and lower regrowth rates. Increased use of high grazing efficiency varieties may, in 

theory, increase the risk of overgrazing. However, given the fact that varieties with 

the same grazing efficiency had different yields, this indicates that some were better 

adapted to tighter grazing than others. This difference could be exploited by grass 

breeders to develop greater grazing efficiency in future varieties. Although likely to 

be a lower risk, where known varieties are at a higher risk of overgrazing, farmers 
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can reduce this risk by adjusting their grazing management, such as by increasing 

pasture allocation in paddocks containing high grazing efficiency varieties.  

While using separate animal grazing and mechanical harvesting evaluation 

protocols is recognised as the most accurate evaluation method for perennial ryegrass 

varieties, such practices require substantially more resources and skillset (Wilkins, 

1991). The current RGH method only requires controlled mob grazing of plots and 

pre/post-grazing sward height measurements. Assessing yield on these grazed plots 

would add complexity requiring pre and post-harvest measurements (Stewart and 

Hayes, 2011) plus a correction for any un-grazed grass carried over into the next 

rotation, as conducted in the current study. If such corrections are not completed then 

the disparity in yield between well grazed and poorly grazed varieties would be 

grossly inflated. It would be preferable to continue to record yields under a cutting 

regime and so conduct a combination of grazing and cutting protocols either within 

the same plot (split plot design) or in separate plots in another study. Literature is not 

unanimous on the effect of harvest regime on herbage yield. A study by Binnie and 

Chestnutt (1991) found that cut swards consistently yielded more than when animal 

grazed. Conversely Lantinga et al. (1999) found that grazed swards consistently 

yielded more than cut swards at 250 kg N. Unlike the present study, animal faeces 

were not removed so the additional growth may be attributed to higher N supplied to 

grazing plots. More recent studies, such as Cashman et al. (2016) have found cutting 

of swards is an accurate reflection of relative herbage yield performance of varieties 

under grazing. Retaining the status quo of yield measurement under cutting would 

limit the additional costs of including mob grazing assessment of grazing efficiency. 

This would be much less cost prohibitive than conducting full grazing performance 

assessments on large numbers of varieties. 
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4.6 Conclusion 

This study has confirmed that perennial ryegrass varieties differ in their level of 

grazing efficiency. This is a highly desirable trait particularly on intensive grazing 

farms where the majority of the cows’ diet is made up as grazed grass. It influences 

grazing-out of paddocks with subsequent effects on sward productivity and quality in 

following rotations. Overall, tetraploids exhibited significantly better grazing 

performance over three years, than diploids. This suggests that the proportion of 

tetraploid varieties in intensively grazed swards should be optimised. The observed 

genetic variation between varieties within each ploidy indicates that breeding for 

improvements in grazing efficiency should be an achievable objective. This justifies 

its future incorporation in variety assessment trials and the development of a grazing 

efficiency sub-index within variety selection indices.  
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Chapter 5: The relationship between the grazing efficiency and 

the production, morphology and nutritional traits of perennial 

ryegrass varieties 

  



94 
 

5.1 Summary 

Ruminant grazing systems aim to optimise the proportion of grazed forage within the 

diet and perennial ryegrass grazing efficiency influences both the quantity and 

quality of herbage utilised. The objective of this study was to examine morphological 

and chemical plant characteristics and test for any associations with grazing 

efficiency. The leading perennial ryegrass varieties from the 2016 Irish 

Recommended List were established in a plot study and rotationally grazed by dairy 

cows over three years. Pre-grazing plant characteristics were measured and related to 

grazing efficiency, as measured by RGH. Data were analysed using a mixed model 

procedure to test for trait differences between varieties, and their corresponding 

ploidy and heading categorisations. Traits displaying significant variety variability 

were then tested for their correlation to grazing efficiency using a general linear 

model procedure. Tetraploid varieties exhibited superior grazing efficiency over 

diploids, due to their superior performance in traits correlated to grazing efficiency. 

Increasing organic matter digestibility and leaf proportion and decreasing neutral 

detergent fibre and stem height within the sward was found to increase grazing 

efficiency. The observed link between these plant traits and grazing efficiency 

indicates a possibility that they could be used to develop proxy measures to aid 

breeders to select for, and evaluators to measure, varietal grazing efficiency without 

involving animal assessments. It was concluded that this would make it logistically 

practical to assess large numbers of varieties in small plot trials to both breed and 

evaluate perennial ryegrass varieties for superior grazing efficiency.  
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5.2 Introduction 

Utilisation of grass DM is a function of herbage grown and the grazing management 

employed (Hanrahan et al., 2018). Perennial ryegrass variety selection when 

reseeding can have a large effect on both parameters. Perennial ryegrass varieties 

exhibit specific traits which confer different strengths and weaknesses to swards 

(O'Donovan et al., 2016). Regular reseeding using superior varieties allows for 

increased amounts of herbage to be grown but in the absence of a simple means of 

assessing grazing potential, extra grass production may not always translate into an 

equivalent improvement in utilisation. Varietal traits are known to influence 

utilisation of herbage on farm (Byrne et al., 2018). These traits influence plant 

structure and chemical composition which in turn affect foraging behaviour of 

ruminants and digestion within the rumen (Forbes, 1988). Grazing efficiency is 

defined as the proportion of herbage ingested by grazing animals relative to that 

presented and is used to describe how suitable a variety is for grazing. Varieties of 

high grazing efficiency can be consistently grazed to low post-grazing sward heights 

whereas varieties of poorer grazing efficiency are more difficult to graze out, leaving 

a residual of un-utilised herbage. The workload and cost of assessing large numbers 

of varieties under animal grazing is prohibitively high and so there is a need to devise 

a more streamlined method of assessing grazing efficiency that ryegrass breeders and 

evaluators could adopt into small plot trialling systems. 

Breeding for increased grazing efficiency has predominantly focused on traits 

linked to increasing voluntary feed intake (VFI). Reducing lignin and improving cell 

wall digestibility within forages can increase VFI and milk yield of dairy cows (Jung 

and Allen, 1995, Oba and Allen, 1999). As the different tissue fractions of perennial 

ryegrass are not digestible in equal measure (Beecher et al., 2015), producing 
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varieties with greater amounts of highly nutritious proportions (e.g. leaf) at the 

expense of others is a worthwhile grazing efficiency breeding goal. Sward structural 

traits, such as reduced sheath height (Wims et al., 2013b) have been shown to 

strongly influence bite mass and rate, which in turn affects VFI. Studying the 

relationship between sward structural traits and grazing behaviour could provide 

important additional proxy measures of grazing efficiency differences between 

varieties. 

Most previous studies in the area of grazing efficiency have involved in vitro 

experiments or did not evaluate animal foraging activity. The objective of this study 

was to identify morphological and nutritive quality traits that could be used for initial 

germplasm selection and subsequent variety assessment traits for improved perennial 

ryegrass grazing efficiency. The hypothesis was that there are measurable trait 

differences between perennial ryegrass varieties that may become proxy metrics for 

grazing efficiency and that these could be adopted by plant breeders and evaluators 

to develop and promote new, high grazing efficiency varieties. 

 

5.3 Materials and methods 

5.3.1 Experimental design 

The location and sowing method used in this study has previously been described in 

Chapter 3 (section 3.1). The experimental design was previously described in 

Chapter 4 (section 4.3.1). The varieties examined within this study and their ploidy 

and heading characterisation is displayed in Chapter 3 (Table 3.1). 
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5.3.2 Experimental measurements 

Details of grazing management and measurement of varietal traits have been 

previously described in Chapter 3 (Section 3.2 and 3.3). Experimental details specific 

to this study (cut lengths, grazing allocations, etc.) are described in Chapter 4 

(Section 4.3.2). Ground-score and tiller density measurements were conducted as in 

Chapter 3 (Section 3.5). Evaluation of nutritive quality of each variety was 

conducted as described in Chapter 3 (Section 3.4). 

5.3.3 Morphological measurements  

Prior to each grazing (except the first and last in each grazing season) twenty 

individual tillers were harvested at ground level from each plot. Each tiller was 

measured for Extended Tiller Height (ETH), length from base to highest leaf, and 

Extended Sheath Height (ESH), length from base to highest leaf ligule. Free Leaf 

Lamina (FLL) was measured as ETH minus ESH (Gilliland et al., 2002b). Each tiller 

was cut at 3.5 cm (cutting horizon) and divided into its relative leaf, pseudo-stem, 

true stem and dead proportions (above the cutting horizon). These proportions were 

dried at 90˚C for 16 hours to measure each proportion on a DM basis. 

5.3.4 Statistical analysis 

The statistical package SAS (SAS Inst. Inc., Cary, NC) was used for statistical 

analysis using the PROC MIXED procedure. Residual Grazed Height was derived as 

in Chapter 4 (Section 4.3.3). Description of the analysis method used to analyse 

differences between varieties, ploidy and heading date groups for the dependent 

variables: pre-grazing herbage mass, pre-grazing sward height, post-grazing sward 

height, proportion of available herbage consumed, RGH, tiller density and ground-

score has previously been described in Chapter 4 (Section 4.3.3). The same PROC 
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MIXED procedure was used to analyse the additional dependent variables: OMD, 

CP, ADF, NDF, Ash, leaf proportion, pseudo-stem proportion, true stem proportion, 

dead leaf proportion, ETH, ESH, and FLL. 

Following this, a PROC GLM procedure was conducted to examine the 

relationship between RGH and each of the dependent variables previously examined 

in the MIXED model. Heading categorisation did not show significant differences 

therefore the analysis was conducted between ploidy groups. The model used was: 

RGHij = Yi + Pj + b × Xij 

Where: 

RGH = Residual grazing height; 

Yi = year effect (i=1…3); 

Pj = ploidy effect (j = 1…2); 

Xij = trait effect 

In addition, multiple regression analysis of RGH upon the other variables was 

carried out using the forward model-selection method of the stepwise procedure of 

SAS. The aim of the multiple regression analysis was to identify the most important 

variables responsible for variation in RGH to identify the strongest combination of 

plant traits that breeders could select for increased grazing efficiency.   
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5.4 Results 

5.4.1 Meteorological 

Meteorological conditions experienced during the experimental period have 

previously been described in Chapter 3 (Section 3.6). 

5.4.2 Production traits 

Production traits results including RGH have previously been described in Chapter 4 

(Section 4.4).  

5.4.3 Chemical composition traits 

A pattern of results showing significant (P < 0.001) differences between varieties, 

ploidy and years, but not between heading date, and with a significant ploidy × 

heading date interaction was recorded for CP, ADF and NDF. Ploidy × heading date 

interactions were significant for OMD. 

For OMD, varietal differences ranged from 775 (Boyne; D) to 807 g/kg 

(Astonenergy; T). Mean varietal OMD was 788 g/kg. Tetraploids had significantly 

higher OMD content than diploids (794 vs. 781 g/kg). Organic matter digestibility 

values for intermediate and late diploids and intermediate and late tetraploids were 

779, 783, 794 and 793 g/kg, respectively. Mean OMD content rose significantly (P < 

0.05) from 2017 to 2018 to 2019 with values of 769, 788 and 806 g/kg, respectively. 

The over year mean OMD values for spring, summer and autumn were 788, 792 and 

782 g/kg respectively (P < 0.001). For ADF varietal differences ranged from 293 

g/kg DM (Astonenergy; T) to 339 g/kg DM (Boyne; D). Mean varietal ADF was 315 

g/kg DM. Mean ADF for diploids was 22 g/kg DM higher than tetraploids (326 vs. 
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304 g/kg DM). Mean ADF content for 2017, 2018 and 2019 were 340, 313 and 293 

g/kg DM, respectively. The mean varietal NDF content was 477 g/kg DM which 

ranged from 442 g/kg DM (Astonenergy; T) to 514 g/kg DM (Boyne; D). Neutral 

Detergent Fibre content of diploids was greater than tetraploids with values of 492 

and 463, respectively. Mean NDF content for 2017, 2018 and 2019 were 463, 487 

and 482 g/kg DM, respectively. 

When CP was examined the same rankings as before were observed, though at 

different levels of significance (variety P < 0.01; ploidy P < 0.05; year P < 0.001), 

with still no differences associated with heading date and the ploidy × heading date 

interaction repeated. Mean varietal CP was 209 g/kg DM, with AberMagic (D; 196 

g/kg DM) the lowest and Delphin (T; 222 g/kg DM) the highest of all varieties. 

Tetraploids had a mean CP content of 211 g/kg DM, which was 4 units higher than 

diploids at 207 g/kg DM and the annual differences were 248, 188 and 191 g/kg DM 

for 2017, 2018 and 2019, respectively. 

Ash content differed significantly between ploidy and years (P < 0.001) but not 

between variety or heading date and there was no ploidy × heading date interaction. 

Diploid mean Ash values were 12 g/kg DM greater than tetraploids (138 vs. 126 g/kg 

DM) and the annual differences for 2017, 2018 and 2019 were 139, 145 and 111 g/kg 

DM, respectively.  

5.4.4 Morphology traits 

When the morphological traits were examined the pattern of differences observed in 

the production and chemical composition traits were not as consistently repeated 

(Table 5.1). While there were significant differences between ploidy groups and 

between years in all nine morphological characters, only two produced significant 
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ploidy × heading date interactions (ETH and ESH). This occurred due to differential 

variety responses between these two factors. While there were significant differences 

between varieties in pseudo-stem proportion, ETH, ESH, FLL and ground-score, no 

significant varietal differences were found in leaf proportion, true stem proportion or 

tiller density.  
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Table 5.1 Performance of varieties grouped by ploidy for the various dry matter 

production, grazing efficiency, morphological and chemical composition traits 

examined and the statistical differences between varieties, ploidy, years and ploidy × 

heading date interactions. 

Trait Diploid Tetraploid S.E Variety Ploidy Year 
Ploidy* 

Heading 

Production traits        

Herbage accumulation 

(kg DM/ha) 
12839 12167 58 *** *** *** ** 

Pre-grazing herbage yield 

(kg DM/ha) 
1422 1241 43 *** *** *** ** 

Pre-grazing height (cm) 9.6 9.1 0.1 *** *** *** *** 

Post-grazing sward height 

(cm). 
4.1 3.7 0.1 *** *** *** * 

Herbage Density  

(kg DM/cm) 
247 238 4 *** *** *** * 

Grazing efficiency traits        

Residual Grazed Height 

(cm) 
+0.12 -0.11 0.02 *** *** NS NS 

Proportion of available 

herbage consumed 
0.92 0.96 0.01 *** *** *** NS 

Nutritive quality traits        

OMD (g/kg) 781 794 1 *** *** *** * 

Crude Protein (g/kg DM) 207 211 2 ** * *** NS 

ADF (g/kg DM) 326 304 2 *** *** *** NS 

NDF (g/kg DM) 492 462 2 *** *** *** NS 

Ash (g/kg DM) 138 126 1 NS *** *** NS 

Morphological traits        

Leaf proportion 0.70 0.74 0.01 NS *** *** NS 

Pseudo-stem proportion 0.21 0.19 0.01 ** *** *** NS 

True stem proportion 0.13 0.10 0.01 NS * *** NS 

Dead leaf proportion 0.05 0.04 0.01 NS * ** NS 

ETH (cm) 28.3 29.7 0.3 *** *** *** ** 

ESH (cm) 9.0 8.5 0.2 * ** *** ** 

FLL (cm) 19.2 21.1 0.3 * *** *** NS 

Tiller Density 4329 3472 153 NS *** *** NS 

Ground-score 4.0 3.5 0.1 ** *** *** NS 

Levels of significance: NS = P > 0.05; * = P < 0.05; ** = P < 0.01; *** = P < 0.001  
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The magnitudes of the notable values recorded across these parameters were as 

follows. The mean proportion of leaf for diploids at 0.70, was 0.04 less than 

tetraploids. Leaf proportion increased from 2017 to 2018 to 2019 with values of 0.65, 

0.71 and 0.80, respectively, with significant seasonal (P < 0.001) differences also 

recorded. Leaf proportion was highest in spring followed by summer and then 

autumn at 0.80, 0.70 and 0.65, respectively. For pseudo-stem proportion, Boyne (D; 

0.23) was highest and Astonenergy (T; 0.15) lowest around a variety mean of 0.19, 

with the diploid group 0.02 higher than the tetraploids (0.21 vs. 0.19 respectively). 

The annual differences for 2017, 2018 and 2019 were 0.25, 0.16 and 0.17 

respectively, with pseudo-stem proportion rising from 0.13 in spring to 0.20 in 

summer and finally to 0.26 in autumn (P < 0.001). Diploid varieties had a higher 

mean true stem proportion than tetraploids (0.13 vs. 0.10) and the annual differences 

were 0.25, 0.16 and 0.17 for 2017 - 2019 respectively. The proportion of dead 

material was slightly higher in diploids (0.05) than tetraploids (0.04) and the annual 

2017 – 2019 differences were 0.05, 0.04 and 0.05 respectively, which when 

combined gave a seasonal pattern of 0.04 in spring, 0.06 in summer and 0.04 in 

autumn (P < 0.05). The mean varietal ETH ranged from 32.4 cm (AberPlentiful; T) 

to 26.6 cm (Glenveagh; D) with diploid ETH (28.3 cm) being 1.4 cm lower than 

tetraploid (29.7 cm) and with late varieties averaging 27.7 and intermediates 28.8 

cm. The annual differences were 30.8, 27.1 and 29.0 cm for 2017, 2018 and 2019, 

respectively. Boyne (D) had the highest ESH of 10.2 cm, with Aspect (T) and 

Drumbo (D) the lowest at 7.7 cm. Diploid ESH (9.0 cm) was 0.5 cm greater than 

tetraploid ESH, while intermediate ESH (8.9 cm), was 0.4 cm lower than late ( 9.3 

cm, P < 0.01 ). In 2017 the mean ESH was 9.8 cm, which was higher than 2018 (-1.4 

cm) and 2019 (-1.9 cm). AberGain (T) had the highest FLL at 22.9 cm while Kerry 
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(D) and Stefani (D) had the lowest (18.0 cm). Tetraploid FLL (21.1 cm) was 1.9 cm 

greater than diploids. However, this was not consistently maintained within maturity 

groups as the intermediate and late diploids had FLL values of 19.6 and 18.9 cm and 

the intermediate and late tetraploids 20.8 and 21.4 cm, respectively. Annual FLL 

differences were 20.9, 18.6 and 21.0 cm in 2017, 2018 and 2019.  

5.4.5 Grazing efficiency 

Results for grazing efficiency parameters measured within the study have previously 

been recorded in Chapter 4 (Section 4.4.6 and 4.4.7). 

5.4.6 Relationship of perennial ryegrass traits and grazing efficiency 

Table 5.2 displays the relationship between the measured traits and RGH. Ploidy 

differences for production and chemical composition traits had no effect on RGH (P 

> 0.05). Both pre-grazing herbage yield and pre-grazing sward height had a 

significant relationship with RGH (P < 0.001) with an increase of 0.001 RGH per kg 

DM increase in pre-grazing herbage yield and an increase of 0.123 RGH per cm 

increase in pre-grazing sward height.  

All nutritive quality traits were significantly correlated with RGH (P < 0.05) 

except for Ash content (P > 0.05). Figure 5.1 displays the inverse relationship 

between OMD and RGH and Figure 5.2 displays the positive relationship between 

NDF and RGH. Increases in OMD and CP impacted RGH to reduce by 0.007 and 

0.004 for each g/kg increase respectively. ADF and NDF had a positive relationship 

with RGH with each g/kg increase in ADF and NDF causing a 0.005 and 0.003 

increase in RGH, respectively. The correlation between all nutritive quality traits as 

measured by r2 was 0.52 (ranging from 0.50 to 0.53).  
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Table 5.2 Association between grass variety traits and Residual Grazed Height 

(RGH) and comparison between ploidy groups. 

Trait Intercept Slope 
Ploidy 

RGH 

Varietal 

RGH 
r-squared 

Production traits      

Pre-grazing herbage 

yield(kg DM/ha) 
-0.96 0.001 NS *** 0.64 

Pre-grazing height (cm) -1.28 0.123 NS *** 0.61 

Herbage Density 

(kg DM/cm) 
-0.19 <0.001 NS NS 0.47 

Nutritive quality traits      

OMD (g/kg) 5.15 -0.007 NS ** 0.53 

Crude Protein (g/kg DM) 1.02 -0.004 NS * 0.50 

ADF (g/kg DM) -1.34 0.005 NS * 0.52 

NDF (g/kg DM) -0.30 0.003 NS * 0.53 

Morphological traits      

Leaf proportion 0.47 -0.009 NS NS 0.43 

Pseudo-stem proportion -0.65 0.014 NS * 0.46 

True stem proportion -0.16 0.001 ** NS 0.41 

Dead leaf proportion -0.07 -0.006 NS NS 0.42 

ETH (cm) -1.28 0.047 NS * 0.49 

ESH (cm) -0.90 0.051 * * 0.47 

FLL (cm) -0.57 0.032 NS NS 0.45 

Tiller density -0.10 <-0.0001 * NS 0.27 

Ground-score 3.78 <-0.0001 NS NS 0.15 

Levels of significance: NS = P > 0.05; * = P < 0.05; ** = P < 0.01; *** = P < 0.001 

OMD = Organic Matter Digestibility; ADF = Acid Detergent Fibre; NDF = Neutral 

Detergent Fibre; ETH = Extended Tiller Height; ESH = Extended Sheath Height; 

FLL = Free Leaf Lamina. 
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Figure 5.1 The relationship between grass variety Residual Grazed Height and their 

Organic Matter Digestibility (OMD). 

 

 

 

Figure 5.2 Relationship between grass variety Residual Grazed Height and their 

Neutral Detergent Fibre (NDF). 

  

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

775 780 785 790 795 800 805

R
e

si
d

u
al

 G
ra

ze
d

 H
e

ig
h

t

Organic Matter Digestibility (g/kg)

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

410 420 430 440 450 460 470 480 490 500

R
e

si
d

u
al

 G
ra

ze
d

 H
e

ig
h

t

Neutral Detergent Fibre (g/kg DM)



107 
 

Leaf and pseudo-stem proportions were also strongly correlated with RGH. 

Increasing leaf proportion by one unit decreased RGH by 0.009 while increasing 

pseudo-stem by one unit increased RGH by 0.014. ETH and ESH also had a 

significant correlation with RGH. By increasing ETH by 1 cm, RGH increased by 

0.05 while a 1 cm increase in ESH was estimated to increase RGH by 0.05. Neither 

tiller density nor ground-score was shown to have any effective correlation with 

grazing efficiency. 

Of all the traits included, four were selected into the regression model to best 

explain the variation in RGH. The first trait selected was ploidy which explained 

0.47 of the total variation. The second was pre-grazing sward height, which together 

with ploidy explained 0.54 of the variation in RGH. The third was CP, which raised 

the representation to 0.63 of RGH variation. Finally with the fourth and last trait, 

pseudo-stem proportion, included in the model the representation of the RGH 

variation increased to 0.70.  

 

5.5 Discussion 

The observation that tetraploids permitted livestock to consume a higher proportion 

of the available herbage than diploids, along with associated morphological 

differences, indicated that their sward structure was more utilisable. This provides 

additional understanding of the mechanisms involved in previous reports of 

increased utilisation potential of tetraploid varieties (Balocchi and López, 2009, 

McDonagh et al., 2015b, Cashman et al., 2016). Heading date differences did not 

affect grazing efficiency, which is not surprising as sward management was precisely 

controlled to maintain leafy swards. Previous studies found that later heading 
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varieties develop reduced stem, later in the growing season which leads to greater 

grazing efficiency (O’Donovan and Delaby, 2005), but despite such differences in 

seasonal morphology being recorded in this study, it did not affect grazing 

performance significantly. This raises the possibility that the high emphasis placed 

on variety heading date in industry needs to change to an industry that focuses on the 

variety characteristics that support more efficient grazing. This response appears to 

be consistent as the Pearson Rank correlations between years were strong (r = 0.70) 

indicating that re-ranking of varieties for grazing efficiency was minimal. 

Pre-grazing production traits were strongly correlated with grazing efficiency 

which highlights the importance of consistent grassland management as these traits 

are largely governed by grazing management rather than inherent varietal 

characteristics. Achieving target pre-grazing covers and correct post-grazing 

residuals at each grazing is critical to optimising milk production from pasture 

(Macdonald et al., 2010). Forbes (1988) identified a positive correlation between pre-

grazing sward height and grazing efficiency and likewise, a similar relationship 

between grazing efficiency and pre-grazing sward height was found by Byrne et al. 

(2017a) where a 1 cm increase in pre-grazing sward height resulted in a post-grazing 

sward height increase of 0.12 cm. The current finding that a 1 kg DM/ha increase in 

pre-grazing yield resulted in a +0.001 increase in RGH aligns with previous research 

also. Curran et al. (2010) investigated the effect of cows grazing swards of different 

herbage masses. Where daily pasture allowance was restricted (15 kg DM/cow/day), 

cows grazing low (1600 kg DM/ha) and high herbage mass swards (2400 kg DM/ha) 

had similar post-grazing sward heights and similar levels of utilisation. As herbage 

allowance increased, post-grazing sward height increased and grass utilisation 

reduced. Milk yield was lower for the restricted treatment groups in that study 
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(Curran et al., 2010) indicating that while grazing to low post-grazing sward heights 

is an important target, an optimum balance exists between post-grazing sward height 

and daily herbage intake. Employment of high grazing efficiency varieties may 

optimise this relationship increasing herbage intake whilst maintaining optimum 

post-grazing sward height/utilisation.  

It is well known that varietal morphology differs greatly both within ploidy 

groups and between heading date groups (Griffiths et al., 2017). The current study 

shows that these morphological (as well as nutritive quality) traits provide an 

opportunity for breeders to produce new varieties with traits that increase the 

willingness of ruminants to graze to low post-grazing sward heights. Many of these 

traits are closely linked, as was evident in the highly similar responses and pattern of 

significant differences presented in the results section. As expected, increasing OMD 

had positive correlation with grazing efficiency and previous research has found 

similar responses within both plot and farm systems studies (Stilmant et al., 2005, 

Balocchi and López, 2009). Higher OMD content and lower stem proportion of 

tetraploid versus diploid varieties were cited as the driver of differences in herbage 

utilisation and milk production within the study by (Wims et al., 2013b). Similarly, 

grass DM intake increased by 0.2 kg DM for every 1% increase in OMD in the study 

by Peyraud et al. (1996). Elevating water soluble carbohydrates within perennial 

ryegrass has been shown to increase digestibility with corresponding increases in 

milk yield (Miller et al., 2001). Such breeding successes have led to the 

commercialisation of ‘High Sugar’ perennial ryegrass varieties (Francis et al., 2006). 

By applying a positive selection pressure for some traits such as OMD, and negative 

pressures on other characters as indicated by the current results, breeders can expect 

to achieve a progressive improvement in the grazing efficiency of future varieties. 



110 
 

This breeding opportunity does not necessarily apply to all the measured traits. 

For example, CP was positively correlated to grazing efficiency and Byrne et al. 

(2018) also found a similar relationship between CP and post-grazing sward height. 

Its influence was not as pronounced as OMD and given the unbalanced supply of 

protein in ruminant diets currently, it is arguable that plant breeders should be 

seeking to decrease CP and support efforts that are being made to reduce nitrate 

leaching from ruminants (Parsons et al., 2011).  

Breeders have developed superior perennial ryegrass varieties with 

corresponding improvements in animal performance by modifying certain 

digestibility and other chemical traits (Casler and Vogel, 1999) and this was evident 

from the results of the current study. Such an example is the varietal variation found 

for NDF and ADF content and its negative correlation with grazing efficiency. 

Increased fibre content in the diet is associated with increased forage retention time 

in the rumen (Thornton and Minson, 1972) which lowers the rate of digestion that 

occurs (Buxton and Redfearn, 1997). Such decreases in the rate of digestion 

depresses VFI and with it grazing efficiency. Breeders recognising these negative 

effects of ADF and NDF on VFI, have focused on reducing lignin content to improve 

cell wall digestion because it has a high heritability (Casler et al., 2008). Breeders 

have altered the growth structure of the plant to increase production of the more 

nutritious proportions (Wims et al., 2017), which was also evident in the results of 

the current study. The inverse relationship between leaf proportion and RGH showed 

that a higher leaf content within the sward increases grazing efficiency. This is 

consistent with the known differences in digestibility between leaf and pseudo-stem 

proportions compared to true stem and dead leaf (Beecher et al., 2015). This also 

indicated that a higher proportion of tetraploids in swards would be advantageous 
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and this is supported by (Gilliland et al., 2002b) who showed that tetraploids have 

higher proportions of leaf than diploids. Despite these breeding achievements, 

translating them into quantifiable estimates of potential animal performance 

improvements has been limited by the absence of a measure of their impact on 

grazing efficiency. While measures of digestion and their metabolic responses were 

possible, translating this into projected animal performance uplifts when grazing 

required a measure of the grazing efficiency changes. The current study now 

provides this key information. 

Some caution is needed, however, when applying the findings of the current 

study to developing estimates of grazing efficiency. For example, pseudo-stem 

proportion was positively correlated with RGH, indicating that selection against 

pseudo-stem would increase grazing efficiency. The published literature is conflicted 

as to the effect pseudo-stem has on grazing. Mitchell (1995) found that developed 

pseudo-stem is avoided by grazing animals and Barthram and Grant (1984) found 

that sheep avoided grazing pseudo-stem. Contrary to this Flores et al. (1993) found 

that grazing cattle readily consumed the pseudo-stem fractions of perennial ryegrass. 

McDonagh (2017) cited increased true stem as a possible factor increasing 

rumination time and lowering VFI and therefore it might be expected that selecting 

for increased pseudo-stem at the expense of true stem would increase grazing 

efficiency as pseudo-stem is far more digestible than true stem (Beecher et al., 2015), 

but no significant relationship was found between true stem and grazing efficiency 

within this study. This may be explained by the precise grazing regime implemented 

that permitted only low proportions of true stem to develop, even during the main 

heading period in summer. A positive correlation was found between dead leaf 

proportion and increased grazing efficiency in the current study. This disagrees with 
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findings in other studies where dead leaf is less digestible than leaf and pseudo-stem 

proportions and thus rejected by ruminants (Chen et al., 2019). It is likely that 

development of dead leaf proportion was depressed in this study due to the precise 

grazing management imposed and that these low proportions failed to express fully 

the true correlation with grazing efficiency. In the current study ETH, ESH and FLL 

were all positively correlated with RGH, indicating that increases in these traits 

would have negative effects on grazing efficiency. This is contrary to previous 

studies, such as McDonagh (2017), where larger ETH and FLL values correlated 

with increasing grazing efficiency. Likewise, Byrne et al. (2018) found that 

increasing FLL decreased post-grazing sward height with a correlation of -0.41. This 

is further corroborated by Gilliland et al. (2002b) and (Barrett et al., 2003) who both 

reported a similar effect of sward morphology characters on VFI and grazing 

efficiency in a range of different perennial ryegrass varieties. Greater ESH length has 

been cited as a possible trait that has negative effects on DMI as it indicates 

increased stem proportion within the sward, that acts as a physical barrier to grazing 

animals (Wade et al., 1989, Kennedy et al., 2007b).  

A possible factor in these disparities is that tiller measurements in the current 

study were made throughout the grazing season (except the first and last grazing 

events of each year) whereas the study by Byrne et al. (2018) measured FLL once, in 

both the reproductive and vegetative stages. It is also likely that the precise grazing 

management imposed in the current study greatly curtailed the level of variation 

recorded between the variety swards. Nonetheless, until the causes underlying these 

different conflicts are better understood, a degree of uncertainty must be applied to 

the magnitude of response and relationship between these traits and grazing 

efficiency. 
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5.6 Conclusion 

The omission of animal value traits in perennial ryegrass variety evaluation systems 

is a severe limitation given that the ultimate benefit of a variety is derived from the 

increase in animal production it supports (Wilkins and Humphreys, 2003). Such traits 

impact on the profitability of grazing based enterprises. This absence of direct animal 

value evaluations is largely due to a cost impediment as national and recommended 

list trials operate under limited resources (Gilliland et al., 2019). The current study 

has shown that a number of relatively easily measured traits exist that could provide 

such an assessment, by proxy. This includes some characters that are routinely 

assessed in variety trials (for example digestibility) combined with some additional 

morphological characters, but avoids the prohibitory high costs of direct animal 

assessments. Future introduction of grazing efficiency evaluation into the 

Recommended List would incentivise breeders to develop grazing efficient varieties. 

Plant breeders could incorporate the identified traits into their breeding programmes. 

In time, this could offer similar progressive improvement to that already achieved in 

traits such as DM yield, persistency and digestibility and so deliver quantifiable 

production and sustainability benefits to grazing enterprises.  
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Chapter 6: Incorporation of the grazing utilisation sub-index into 

the updated Pasture Profit Index  
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6.1 Summary 

The Pasture Profit Index (PPI) is an economic merit selection tool developed to 

identify perennial ryegrass varieties with the greatest economic potential for grass 

based ruminant production systems. A new grass utilisation sub-index was developed 

and incorporated into the PPI to identify varieties with superior grazing efficiency. 

This sub-index was determined based on the additional herbage DM a variety could 

support, based on its grazing efficiency performance as measured as the Residual 

Grazed Height of each variety achieved across the grazing season, differentiated into 

seasonal economic values. The economic values of all other traits within the PPI 

were reviewed and updated to ensure that the index was reflective of current 

economic scenarios with appropriate assumptions included in the models, thus 

ensuring that varieties excelling in the agronomic traits with the greatest effect on 

profitability were recognised. The difference between the highest and lowest 

performing varieties for the grass utilisation trait ranged from €22 to -€22/ha. The 

economic values of the existing sub-indices were updated and the total PPI of all 

varieties revised. A range of €213 to €42/ha was recorded between the highest and 

lowest ranked varieties. Spearman’s rank correlation between the updated and 

original PPI lists was 0.96. Updating the economic values of the existing sub-indices 

and incorporating the utilisation sub-index changed the relative emphasis of all traits 

within the index. The introduction of the utilization sub-index will allow farmers to 

make informed variety selection decisions when reseeding pasture, particularly on 

their grazing platforms and it will allow a demand based communication process 

between the farmer and the grass merchant/breeder, ultimately affecting trait 

selection for future breeding strategies.  
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6.2 Introduction 

The average grazing season length in Ireland is 235 days (O'Brien et al., 2018), 

signifying the importance of grazing within ruminant production systems. Recent 

changes in European Policy such as the Farm to Fork (2030) program (European 

Commission, 2020) have restated the desire to move toward production systems with 

greater sustainability. The sustainability benefits of grassland based production 

systems are clearly illustrated by van den Pol-van Dasselaar et al. (2018) with 

particular emphasis placed on ruminant grazing systems. Regular reseeding of 

pasture maximises the proportion of perennial ryegrass within swards, optimising 

farm production, profitability and sustainability (Shalloo et al., 2011, Tozer et al., 

2015). 

Perennial ryegrass (Lolium perenne L.) varieties are independently assessed by 

state bodies, universities or breeder controlled assessments (Gilliland et al., 2019). 

Within these trials, traits of importance to pasture based production systems are 

evaluated. The relative importance of these traits may differ between regions where 

certain traits may influence production and profitability to a greater/lesser extent than 

others (Grogan and Gilliland, 2011). Trial data detailing the relative performance of 

each variety for the measured traits are generally published in the 

‘National/Recommended List’ of that region.  

Perennial ryegrass variety economic selection indices such as the Pasture Profit 

Index (PPI) in Ireland and the Forage Value Index (FVI) in New Zealand have been 

developed utilising data from these trials (O'Donovan et al., 2016, Chapman et al., 

2017). These indices have been created to increase the value of the information 

supplied to the grass seed industry as well as creating a communication tool in a 
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denomination that users can directly relate to farm businesses. The relative difference 

between varieties for all traits are expressed in economic terms indicating the 

additional profit generated by one variety against another (O'Donovan et al., 2016). 

Farmers can use these selection indices to make variety selections based on their total 

economic merit (sum of all traits) or by focusing on individual traits that are of 

importance for their grass management system (McEvoy et al., 2011). 

The accuracy of these economic indices may be limited by the agronomic data 

used to derive the economic merits of each sub-index. Many independent evaluation 

bodies assess a large number of candidate varieties annually using a cutting 

management protocol to simulate both frequent rotational grazing (8 - 10 cuts per 

year) and conservation management systems (2 silage harvests). While such 

mechanical harvests differ from actual varietal use (grazing), cutting systems are 

deemed the most practical and affordable methodology of evaluation (Wilkins and 

Humphreys, 2003). Cashman et al. (2016) reported that herbage yield assessed under 

mechanical harvesting and animal grazing did not differ, indicating that cutting 

systems were reliable in their assessment. However, within the animal grazed 

assessment, varieties were grazed to differing post-grazing sward heights, indicating 

that variation in the quantity of DM removed was observed between varieties 

(Cashman et al., 2016). Such variation points to a difference in the ability of certain 

varieties to be grazed. Previously, Wims et al. (2013b) and Byrne et al. (2018) 

reported grazing efficiency differences between perennial ryegrass varieties. 

Grazing efficiency of perennial ryegrass varieties influences the amount of 

herbage which can be utilised (Byrne et al., 2017a). Hanrahan et al. (2018) reported 

that utilisation was one of the single largest (controllable) variables affecting 

profitability of ruminant systems with each additional tonne of DM utilised 
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increasing profitability of dairy farms by €173/ha. Utilisation is a function of herbage 

production and harvesting by the animal which can be influenced by perennial 

ryegrass varieties. Herbage production is already captured in the PPI, but relative 

differences between varieties for grazing efficiency are not included as of yet. Byrne 

et al. (2018) reported a 0.3 cm difference in post-grazing sward height between 

diploids and tetraploids. This indicates that consistent differences in variety grazing 

efficiency may also exist between individual varieties and so could provide the 

necessary data to develop a grazing efficiency sub-index within the PPI. 

The objective of this study was to develop and incorporate a new grazing 

efficiency sub-index into the PPI and to also update the economic values of the index 

in line with recent cost increases over the past number of years. This index would 

provide a relative comparison between varieties for their ability to perform within 

grazing systems. The development of the sub-index would require the application of 

an economic value to the physical trait to generate an economic merit value for each 

trait.  

 

6.3 Materials and methods 

6.3.1 Update of economic values 

The Moorepark Dairy Systems Model (MDSM; Shalloo et al. (2004b)), a stochastic 

budgetary simulation model, was used to simulate a model farm using the agronomic 

data published for each variety on the DAFM Recommended List (DAFM, 2016). 

The model integrates this information into a statistical model using the biological 

(milk production, pasture production, etc.), physical (land, etc.) and economic 
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processes occurring on dairy farms. Land area is treated as an opportunity cost, with 

additional land rented when required and leased out when not required for on-farm 

feeding of animals. Variable costs (fertiliser, contractor charges, veterinary fees, AI, 

and feed costs) and fixed costs (machinery running and maintenance, farm 

maintenance, car, telephone, electricity, and insurance) are based on current prices 

(updated at regular intervals). The feeds offered (pasture, pasture silage, and 

concentrate) are determined by the MDSM meeting the net energy requirement for 

milk production and BW change (Jarrige, 1989). Detailed descriptions of the model 

are reported in Shalloo et al. (2004b) and McEvoy et al. (2011). 

Economic values were derived by simulating a physical change in each trait of 

interest independently (McEvoy et al., 2011). The difference in net profit per hectare 

before and after the change was simulated and divided by the change in the trait of 

interest. This value is the economic value for a one unit change in that trait. The 

economic value of a trait can be expressed in the equation:  

Economic value = Δ net margin per hectare / Δ in trait of interest (McEvoy et al., 

2011). 

Table 6.1 Parameter values within the Moorepark Dairy Systems Model. 

Variable Original value Updated value 

Farm Size (ha) 40 40 

Gross milk value (€/L) 0.270 0.295 

Fat value (€/kg) 3.13 3.60 

Protein value (€/kg) 6.27 7.21 

Price ratio of protein: fat 2:1 2:1 

Opportunity cost of land (€/ha) 297 297 

Concentrate cost (€/t) 220 250 

Calcium Ammonium nitrate (€/t) 360 280 

Urea (€/t) 420 360 

N:P:K fertiliser (0:7:30) (€/t) 340 420 

First-cut grass silage (€/ha) 284 309 

Second-cut grass silage (€/ha) 235 235 
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Based on projected input and output prices, economic values were adjusted. The 

update of these input values reflects the price changes that are faced by the industry. 

This methodology is similar to the approach taken by other indices such as the 

economic breeding index (EBI) used to identify the most profitable dairy sires 

(Veerkamp et al., 2002). Table 6.1 displays the updated price assumptions used 

within the MDSM to determine the economic value of each sub-index. In particular 

the economic values that were updated included fertiliser price (CAN and Urea were 

reduced by €20/tonne), milk price (increased to 29.5c/l), Flat VAT (rate increased to 

5.4%), while a full review was completed for reseeding cost. Up to date information 

on all factors contributing to a complete reseeding of pasture were sought from 

various sources such as Teagasc (2014) and the Farm Contractors of Ireland (FCI, 

2019). Table 6.2 displays the updated reseeding costs for 2020. Overall the average 

costs associated with reseeding had increased from €742 to €799 (average of plough 

and minimum tillage cultivation) with increased cost of farm operations (spraying 

and cultivation) primarily responsible. 

Table 6.2 The increase in reseeding costs from 2014 to 2020 in Ireland (€/ha). 

 2014 2020 

 €/ha €/ha 

Glyphosate 20 20 

Spraying 25 37.5 

Plough (Minimum tillage) 75 (60) 112.5 (75) 

Levelling 35 37.5 

Lime and spreading 60 60 

Fertiliser 134 112.5 

Fertiliser spreading 25 25 

Seed 173 175 

Sowing 100 125 

Rolling 25 25 

Post-emergence spray 45 50 

Spraying 25 37.5 

Total (minimum tillage) 742 (727) 818 (780) 
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6.3.2 Variety grazing efficiency data 

Varietal grazing efficiency evaluation protocols were established in Chapter 4 of this 

thesis. Data from this protocol was used to determine the grazing efficiency 

performance of each variety. Detailed description of the protocol and results can be 

found in Chapter 4. 

6.3.3 Residual Grazed Height 

Residual Grazed Height of a variety was calculated as post-grazing sward height 

achieved minus the predicted post-grazing sward height. Predicted post-grazing 

sward height was calculated for each variety based on a regression model using year, 

grazing rotation, block and pre-grazing sward height as factors within the model. A 

full description of the model and how it was applied is described in Chapter 4. 

Residual Grazed Height values can be either positive or negative. Negative RGH 

values indicate that a variety was consistently grazed to a lower post-grazing sward 

height than predicted by the regression model and are indicative of high grass 

utilisation performance. Positive RGH values indicate that a variety failed to be 

grazed lower than that predicted by the model and hence has poor grazing efficiency 

performance. As the RGH value is the difference between predicted and achieved 

post-grazing sward height, then the greater the RGH value (plus or minus) the greater 

the disparity between predicted and post grazing sward height.  

6.3.4 Development of the Utilisation trait 

The development of the grass utilisation sub-index involved: determining the grass 

utilisation potential of each variety within each season (spring, summer and autumn); 

and applying the economic values determined from the MDSM (Shalloo et al., 

2004b). The economic value of increased utilisation is based on the assumption that 
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an increase in utilisation increases the amount of herbage DM grazed by an animal. 

Likewise, a decrease in utilisation reduces the amount of herbage DM grazed by an 

animal. In spring and autumn, the utilisation of additional herbage will displace the 

requirement for grass silage and concentrate on an equal energy basis. In summer, 

additional herbage will allow an increase in the carrying capacity of the farm, 

allowing a higher stocking rate to be maintained.  

Within the MSDM, base DM production is assumed to be 13 t DM/ha. To 

evaluate seasonal utilisation performance, the breakdown of proportional seasonal 

yield (0.13, 0.66 and 0.20 for spring, summer and autumn, respectively) as reported 

in the DAFM Recommended List trials was applied to the 13 t DM/ha base value 

(O'Donovan et al., 2016). Within previous PPI calculations, the herbage utilisation 

levels were assumed to be 90, 85 and 80% for spring, summer and autumn, 

respectively (McEvoy et al., 2011, O’Donovan and Kennedy, 2007). Residual 

Grazed Height data was analysed into seasonal distributions to give a wider 

interpretation of grazing efficiency (i.e. individual RGH values for each variety for 

spring, summer and autumn calculated within Chapter 4), rather than just a single 

annual figure. Mean herbage density was assumed at 250 kg DM/cm in all seasons, 

as indicated by previous evidence (Teagasc and Irish Farmers Journal, 2016, Curran 

et al., 2010, Kennedy et al., 2009). The base (control) variety within each season was 

assumed to have a RGH of zero, which equalled the base grass utilisation potential of 

that season (i.e. a RGH of 0 equalled 85% utilisation in summer).  

The grass utilisation potential of each variety was calculated by multiplying each 

respective varietal RGH value by herbage density to determine the 

additional/reduced DM utilised by each variety relative to the control at each grazing. 

The additional/reduced DM was then multiplied by the assumed number of grazing 
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rotations within each season. The number of grazing rotations assumed in spring, 

summer and autumn was 1, 5 and 2, respectively (DAFM, 2016). Summing the 

additional/reduced DM to the base utilisable yield determined the total utilisable 

yield of each variety in each season. This was expressed relative to the base seasonal 

DM production, in order to determine the increased/reduced grass utilisation 

potential of each variety. Standard deviation between varietal RGH within each 

season was determined. Varieties with RGH values exceeding one standard deviation 

above and below the mean RGH within each season were set at that level, with no 

additional economic advantage/disadvantage above or below this level applied.  

The additional/reduced DM created from a 1% change in utilisation was 

determined for spring, summer and autumn. These respective values were multiplied 

by the corresponding economic value of each seasonal DM production trait. 

6.3.5 Relative emphasis 

The importance of each sub-index within the PPI and how the updated economic 

values and addition of the new trait affected the index was calculated using the 

relative emphasis method as described in O'Donovan et al. (2016). Determining the 

relative emphasis of all traits provides a greater understanding of the importance of 

each trait; this is only partially indicated by the economic value alone. Heritability 

estimates for the existing DM production (including silage) and nutritive quality 

traits were derived from Conaghan and Casler (2011) with values of 0.50 and 0.42 

for DM yield and in vitro digestibility, respectively. Genetic standard variation for 

each trait was calculated as the phenotypic variation observed between the varieties 

evaluated, multiplied by the estimated trait genetic heritability. The broad sense 

heritability (repeatability) of grazing efficiency was calculated from the existing 
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grazing efficiency data generated in Chapter 4 and from the DAFM Recommended 

List 2016 data for persistence. The variance components for variety, year and 

residual were calculated using a linear mixed model and used to calculate the 

heritability according to: 

(Vσ2) / (Vσ2 + (Yσ2 / Yn) + (Rσ2/Rn) + (Residual σ2/Yn × Rn)) 

Where Vσ2 is the varietal variance, Yσ2 is the variance between years and Rσ2 is the 

variance between replicates. Yn is the number of years and Rn is the number of 

replicates. 

 

The heritability estimates of grazing efficiency and persistence were 0.21 and 0.27, 

respectively.  

The relative contribution of a trait was calculated as the product of the genetic 

standard deviation between varieties, multiplied by the economic value of that trait, 

divided by the sum of this calculation for all traits in the index (VanRaden 2002):  

Emphasis = ((ai × σi) / Sum(aj × σj)) × 100 

where ai and aj are the economic value for traits i and j, respectively and σi and σj 

are the genetic standard deviation for traits i and j, respectively. 

 

6.3.6 Rank correlation 

Spearman’s rank correlation was calculated between the original 2016 PPI and the 

updated PPI list to determine the effect of revising the economic values and 

incorporating the new Utilisation sub-index. The PROC CORR procedure was used 

within the statistical program SAS (SAS Inst. Inc., Cary, NC) to analyse the data. 
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Table 6.3 Updated economic values and relative emphasis of Pasture Profit Index 

traits. 

 Economic Value (€) Relative emphasis 

Sub-index 2016 2020 2016 2020 

Spring DM (kg DM/ha) 0.163 0.165 0.12 0.17 

Summer DM (kg DM/ha) 0.038 0.038 0.09 0.05 

Autumn DM (kg DM/ha) 0.103 0.0111 0.06 0.07 

April DMD (g/kg DM) -0.001 -0.001 0.01 0.01 

May DMD (g/kg DM) -0.007 -0.009 0.05 0.05 

June DMD (g/kg DM) -0.009 -0.011 0.08 0.07 

July DMD (g/kg DM) -0.005 -0.010 0.05 0.08 

Silage 1st cut (kg DM/ha) 0.043 0.040 0.11 0.08 

Silage 2nd cut (kg DM/ha) 0.030 0.028 0.08 0.05 

Persistency (/year) 56 67 0.35 0.29 

Spring Utilisation (%) - 2.81 - 0.02 

Summer Utilisation (%) - 3.27 - 0.04 

Autumn Utilisation (%) - 2.89 - 0.03 

 

6.4 Results 

In order to compare the impact of the new economic values, the agronomic data from 

the 2016 Irish Recommended List (DAFM (2016)) was re-analysed and these values 

compared to the original PPI values derived from the same data.  

6.4.1 Herbage DM production sub-indices 

In the 2016 PPI list (DAFM, 2016), spring herbage DM production ranged from 0.92 

to 1.56 t DM/ha which equated to a -€13 to €92/ha range in the spring DM 

production sub-index. Summer DM production ranged from 6.58 to 7.45 t DM/ha, 

resulting in a range of €18 to €51/ha between the lowest and highest performing 

varieties. Autumn DM yield ranged from 1.98 to 2.49 t DM/ha equating to a €56/ha 

difference between varieties in the original PPI list (€7 to €63/ha).  

Updating the economic assumptions of MDSM caused the economic value of 

spring DM production to increase from €0.163 to €0.165 per kg DM/ha (Table 6.3). 

When the new economic value was applied the difference between the highest and 
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lowest varieties for spring DM also increased, creating a range of -€13 to €93/ha. 

The economic value of summer DM production remained unchanged and therefore 

there was no change in the summer DM economic value of varieties. The updated 

autumn DM economic value increased from €0.103 to €0.111 per kg DM/ha. 

Applying the new economic value increased the disparity between the lowest and 

highest performing varieties, with a range of €7 to €64/ha recorded. 

6.4.2 Quality sub index 

Seasonal DMD published on the DAFM 2016 list decreased from April to July. April 

DMD ranged from 841.3 to 869.7 g/kg DM; May DMD ranged from 842.2 to 875.9 

g/kg DM; June DMD ranged from 809.3 to 856.9 g/kg DM; and July DMD ranged 

from 801.9 to 834.5 g/kg DM (DAFM, 2016). The economic value of April, May, 

June and July DMD was €0.01, €0.07, €0.09 and €0.05 per g/kg DM, respectively, 

within the 2016 PPI (Table 6.3). The variation between varieties for nutritive quality 

in the 2016 PPI ranged from -€39 to €65/ha.  

The economic value of each monthly nutritive quality sub-index increased in 

value when the updated economic assumptions were used. The updated DMD 

economic values for April, May, June and July were €0.01, €0.09, €0.11 and €0.10 

per g/kg DM, respectively. Applying these updated economic values increased the 

disparity between the highest and lowest performing variety within the quality sub-

index. The economic value of the lowest performing variety for quality was -€43/ha 

(Boyne; D), while the highest performing variety had a value of €72/ha (AberGain; 

T). 



127 
 

6.4.3 Silage sub index 

In the 2016 recommended list, 1st cut silage yields ranged from 4.08 to 5.21 t DM/ha 

and 2nd cut silage yields ranged from 3.47 to 4.56 t DM/ha. The economic value of 1st 

and 2nd cut silage in the original PPI list was €0.043 and €0.030 per kg DM/ha. The 

range between the highest and lowest ranking varieties within the silage index was -

€5 to €39/ha.  

Updating the economic assumptions used in the MDSM caused the economic 

value of both 1st and 2nd cut silage to fall to €0.040 and €0.028 per kg DM/ha, 

respectively. When the updated economic values were applied, the disparity between 

the highest and lowest performing varieties for the silage sub-index decreased to 

€43/ha. The new economic value of the highest performing variety decreased to 

€38/ha (-€1/ha), while the lowest performing variety remained at -€5/ha. 

6.4.4 Persistency sub-index 

The majority of varieties within the 2016 PPI list were predicted to maintain their 

persistency performance for up to 12 years, which was set to an economic value of 0. 

Based on the persistency (ground cover) values on the DAFM Recommended List 

the remaining varieties had persistency performances of 11 years and 11 months 

except for one other variety that had a persistency performance of 11 years and 9 

months. These varieties had persistency economic values of -€5/ha and -€11/ha, 

respectively.  

The economic cost of reseeding increased, which increased the economic value 

of persistency. The original persistency value was €56 per ha/year and this value rose 

to €67 per ha/year when the updated cost of reseeding was applied. This resulted in 

the varieties whose persistency economic value was -€5/ha, fell further to -€6/ha. 
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The persistency economic value of the remaining poorest performing variety fell to -

€14/ha. 

6.4.5 Grass Utilisation sub-index 

Base total spring yield was estimated to be 1690 kg DM/ha (13 t DM/ha * 0.13). 

Base utilisable spring yield was 1521 kg DM/ha (1690 kg DM/ha * 90% (base 

utilisation %; McEvoy et al. (2011)). The base variety was assumed to have a spring 

RGH value of 0 and a base utilisable spring yield of 1521 kg DM/ha. The difference 

between the spring RGH of all varieties and the base RGH was multiplied by 

herbage density (250 kg DM/cm). Table 6.4 displays the spring RGH values of each 

variety as determined in Chapter 4. Spring RGH ranged from -0.12 to +0.12 which 

resulted in a 62 kg DM/ha difference between the highest and lowest performing 

varieties (31 kg DM/ha greater/less than the control variety). A single grazing event 

was assumed for spring, this difference in utilised herbage was added (or deducted) 

to the base utilisable spring yield (1521 kg DM/ha) to give the total spring utilisable 

yield. This was expressed as a percentage of total spring yield (1690 kg DM/ha) to 

determine the spring utilisation value of all varieties (Table 6.4). 

Simulating a 1% increase in spring utilisation resulted in an additional 17 kg of 

DM/ha grass utilised within the system. Based on the assumption that a 1 kg increase 

in spring DM creates a €0.165/kg DM increase in net profit per hectare, a 1% 

increase in spring utilisation is valued at €2.81 (17 kg DM/ha * €0.165). Spring 

utilisation values, calculated based on RGH, ranged from 88 to 92%. The difference 

between the most and least utilisable varieties for spring was €10/ha (€5/ha to -€5/ha) 

(Table 6.7).  
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Table 6.4 Spring utilisation values determined from varietal Residual Grazed Height. 

Variety 
Spring 

RGH 

Difference in 

spring herbage 

yield per grazing 

(kg DM/ha) 

Total difference 

in spring 

herbage yield 

(kg DM/ha) 

Spring 

utilisable 

herbage yield 

(kg DM/ha) 

Spring 

Utilisation 

(%) 

AberPlentiful -0.12 31 31 1552 0.92 

Seagoe  -0.12 31 31 1552 0.92 

AberGain -0.12 31 31 1552 0.92 

Xenon -0.12 31 31 1552 0.92 

Astonenergy  -0.12 31 31 1552 0.92 

Upper cap -0.12 31 31 1552 0.92 

Twymax  -0.10 24 24 1545 0.91 

Majestic -0.10 24 24 1545 0.91 

Aspect -0.09 23 23 1544 0.91 

Nifty -0.07 17 17 1538 0.91 

Navan -0.06 15 15 1536 0.91 

Delphin -0.04 9 9 1530 0.91 

Dunluce -0.03 8 8 1529 0.90 

AberMagic -0.02 6 6 1527 0.90 

Boyne  -0.02 4 4 1525 0.90 

Magican -0.01 2 2 1523 0.90 

Piccadilly 0.00 1 1 1522 0.90 

Control 0.00 0 0 1521 0.90 

Tyrella 0.02 -5 -5 1516 0.90 

Alfonso  0.06 -15 -15 1506 0.89 

Glenroyal  0.07 -17 -17 1504 0.89 

Drumbo 0.07 -19 -19 1502 0.89 

Stefani 0.08 -19 -19 1502 0.89 

Kintyre 0.08 -20 -20 1501 0.89 

Solas 0.08 -21 -21 1500 0.89 

Carraig 0.10 -25 -25 1496 0.89 

Solomon  0.12 -30 -30 1491 0.88 

Lower cap 0.12 -31 -31 1490 0.88 

Kerry 0.12 -31 -31 1490 0.88 

Rosetta 0.12 -31 -31 1490 0.88 

Clanrye 0.12 -31 -31 1490 0.88 

AberChoice 0.12 -31 -31 1490 0.88 

Glenveagh  0.12 -31 -31 1490 0.88 

Upper and lower caps: varieties whose utilisation potential >1 standard deviation 

above and below the mean are assumed to have the same utilisation potential 

Standard deviation = 0.12 RGH  
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Total summer yield was estimated to be 8580 kg DM/ha (13 t DM/ha * 0.66). 

Base utilisable summer yield was 7293 kg DM/ha (8580 kg DM/ha * 85%; base 

utilisation %; McEvoy et al. (2011)). The base variety was assumed to have a 

summer RGH value of 0 and a summer utilisable yield of 7293 kg DM/ha. The 

difference between the summer RGH of all varieties and the control was multiplied 

by herbage density (250 kg DM/cm) to determine the increased/decreased utilisable 

yield per grazing. Table 6.5 displays the summer RGH value of each variety as 

determined in Chapter 4. Summer RGH ranged from -0.19 to +0.19 which created an 

additional 48 kg DM/ha per grazing for the most superior variety. A reduction of 48 

kg DM/ha per grazing was experienced by the lowest performing variety. Five 

grazing events were assumed for summer and the additional/decreased yield per 

grazing was multiplied by five to give a total summer herbage yield difference. This 

was added (or deducted) to the base utilisable summer yield to give total summer 

utilisable yield of each variety (7293 kg DM/ha). This was expressed as a percentage 

of base total summer yield (8580 kg DM/ha) to determine the summer utilisation 

value of all varieties (Table 6.5). 

Simulating a 1% increase in summer utilisation resulted in an increase of 86 kg 

DM/ha of herbage utilised (17 kg DM/ha per grazing). The economic value of 

summer DM production was €0.038/kg DM. The resultant increase in farm profit 

was €3.27/ha. Summer utilisation levels ranged from 82 to 88%. The range in 

summer utilisation sub-index was €9/ha to -€9/ha. 
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Table 6.5 Summer utilisation values determined from varietal Residual Grazed 

Height. 

Variety 
Summer 

RGH 

Difference in 

summer herbage 

yield per grazing 

(kg DM/ha) 

Total difference 

in summer 

herbage yield 

(kg DM/ha) 

Summer 

utilisable 

herbage yield 

(kg DM/ha) 

Summer 

Utilisation 

(%) 

Astonenergy  -0.19 48 240 7533 0.88 

Twymax  -0.19 48 240 7533 0.88 

Kintyre -0.19 48 240 7533 0.88 

Carraig -0.19 48 240 7533 0.88 

Delphin -0.19 48 240 7533 0.88 

Xenon -0.19 48 240 7533 0.88 

Aspect -0.19 48 240 7533 0.88 

Upper cap -0.19 48 240 7533 0.88 

Alfonso  -0.18 46 229 7522 0.88 

Navan -0.16 41 204 7497 0.87 

Tyrella -0.08 20 98 7391 0.86 

Dunluce -0.06 14 69 7362 0.86 

Stefani -0.03 8 39 7332 0.85 

Seagoe  -0.03 7 36 7329 0.85 

Magican -0.02 5 25 7318 0.85 

Control 0.00 0 0 7293 0.85 

Solas 0.02 -4 -20 7273 0.85 

Glenroyal  0.04 -11 -54 7239 0.84 

AberChoice 0.05 -11 -57 7236 0.84 

Kerry 0.08 -21 -106 7187 0.84 

AberGain 0.10 -25 -127 7166 0.84 

Rosetta 0.12 -29 -145 7148 0.83 

AberMagic 0.12 -30 -151 7142 0.83 

AberPlentiful 0.14 -36 -180 7113 0.83 

Glenveagh  0.15 -38 -190 7103 0.83 

Nifty 0.16 -41 -203 7090 0.83 

Drumbo 0.18 -44 -221 7072 0.82 

Lower cap 0.19 -48 -241 7052 0.82 

Majestic 0.19 -48 -241 7052 0.82 

Solomon  0.19 -48 -241 7052 0.82 

Boyne  0.19 -48 -241 7052 0.82 

Piccadilly 0.19 -48 -241 7052 0.82 

Clanrye 0.19 -48 -241 7052 0.82 

Upper and lower caps: varieties whose utilisation potential >1 standard deviation 

above and below the mean are assumed to have the same utilisation potential 

Standard deviation = 0.19 RGH 
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Total autumn yield was estimated to be 2600 kg DM/ha (13 t DM/ha * 0.20). 

Base utilisable autumn yield was 2080 kg DM/ha (2600 kg DM/ha * 80% (base 

utilisation %; McEvoy et al. (2011)). The control variety was assumed to have an 

autumn RGH value of 0 and a base utilisable yield of 2080 kg DM/ha. The difference 

between the RGH of all varieties and the control was multiplied by herbage density 

(250 kg DM/cm) to determine the difference in utilisable yield per grazing. Table 6.6 

displays the autumn RGH of each variety as determined in Chapter 4. Autumn RGH 

ranged from -0.14 to +0.14 cm which resulted in a difference of 68 kg DM/ha 

between the most and least utilisable varieties for autumn (-34 to +34 kg DM/ha). 

Two grazing events were assumed for autumn and this difference in utilisable 

herbage was multiplied by two and added (or deducted) to the base utilisable autumn 

yield (2080 kg DM/ha) to give total autumn utilisable yield. This was expressed as a 

percentage of base total autumn DM yield to determine the autumn utilisation value 

of all varieties (Table 6.6). 

Simulating a 1% increase in autumn utilisation resulted in an additional 26 kg of 

DM/ha of grass utilised (13 kg DM/ha per grazing). The resultant increase in farm 

profit was €2.89/ha. Autumn utilisation ranged from 77 to 83%, a difference of 6% 

which created a range in the autumn utilisation sub-index of €8 to -€8.  
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Table 6.6 Autumn utilisation values determined from varietal Residual Grazed 

Height. 

Variety 
Autumn 

RGH 

Difference in 

autumn herbage 

yield per grazing 

(kg DM/ha) 

Total difference 

in autumn 

herbage yield 

(kg DM/ha) 

Autumn 

utilisable 

herbage yield 

(kg DM/ha) 

Autumn 

Utilisation 

(%) 

Aspect -0.14 34 69 2149 0.83 

Twymax  -0.14 34 69 2149 0.83 

Xenon -0.14 34 69 2149 0.83 

Magican -0.14 34 69 2149 0.83 

Astonenergy  -0.14 34 69 2149 0.83 

Seagoe  -0.14 34 69 2149 0.83 

Upper cap -0.14 34 69 2149 0.83 

Carraig -0.13 33 66 2146 0.83 

Navan -0.12 31 62 2142 0.82 

Alfonso  -0.09 22 43 2123 0.82 

Kintyre -0.08 20 40 2120 0.82 

Dunluce -0.05 12 25 2105 0.81 

AberMagic -0.05 12 24 2104 0.81 

Stefani -0.04 11 21 2101 0.81 

Tyrella -0.03 9 17 2097 0.81 

AberGain -0.03 8 16 2096 0.81 

Solomon  -0.01 2 3 2083 0.80 

Control 0.00 0 0 2080 0.80 

AberPlentiful 0.00 -1 -2 2078 0.80 

Nifty 0.02 -4 -8 2072 0.80 

Delphin 0.04 -10 -19 2061 0.79 

Rosetta 0.07 -17 -34 2046 0.79 

AberChoice 0.09 -23 -45 2035 0.78 

Majestic 0.11 -28 -55 2025 0.78 

Glenroyal  0.11 -28 -57 2023 0.78 

Solas 0.11 -29 -57 2023 0.78 

Lower Cap 0.14 -34 -69 2011 0.77 

Piccadilly 0.14 -34 -69 2011 0.77 

Clanrye 0.14 -34 -69 2011 0.77 

Glenveagh  0.14 -34 -69 2011 0.77 

Boyne  0.14 -34 -69 2011 0.77 

Upper and lower caps: varieties whose utilisation potential >1 standard deviation 

above and below the mean are assumed to have the same utilisation potential 

Standard deviation = 0.14 RGH 
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Table 6.7 Varietal seasonal utilisation performance and subsequent economic values 

ranked by overall utilisation economic merit. 

Variety 

Spring 

Utilisation % 

(0.90) 

Summer 

Utilisation % 

(0.85) 

Autumn 

Utilisation % 

(0.80) 

Spring 

Utilisation 

€ 

(€2.81/%) 

Summer 

Utilisation 

€ 

(€3.27/%) 

Autumn 

Utilisation 

€ 

(€2.89/%) 

Total 

Utilisation 

€ 

Astonenergy 0.92 0.88 0.83 5 9 8 22 

Xenon 0.92 0.88 0.83 5 9 8 22 

Twymax 0.91 0.88 0.83 4 9 8 21 

Aspect 0.91 0.88 0.83 4 9 8 21 

Navan 0.91 0.87 0.82 3 8 7 17 

Seagoe 0.91 0.88 0.79 2 9 -2 9 

Carraig 0.89 0.88 0.83 -4 9 7 12 

Alfonso 0.89 0.88 0.82 -2 9 5 11 

Kintyre 0.89 0.88 0.82 -3 9 4 10 

Magican 0.92 0.85 0.83 5 1 8 14 

Delphin 0.90 0.86 0.81 1 3 3 7 

Dunluce 0.90 0.86 0.81 -1 4 2 5 

Tyrella 0.90 0.85 0.83 0 1 8 9 

AberPlentiful 0.89 0.85 0.81 -3 1 2 1 

Stefani 0.92 0.83 0.8 5 -5 2 2 

Glenroyal 0.92 0.84 0.81 -3 -1 -6 -11 

AberMagic 0.89 0.85 0.78 -3 -2 -6 -11 

Nifty 0.89 0.84 0.78 5 -7 0 -2 

AberGain 0.90 0.83 0.81 1 -6 3 -2 

Solas 0.88 0.84 0.78 -5 -2 -5 -12 

Majestic 0.91 0.83 0.8 3 -8 -1 -6 

AberChoice 0.88 0.84 0.77 -5 -4 -8 -17 

Solomon 0.88 0.83 0.79 -5 -6 -4 -14 

Rosetta 0.91 0.82 0.78 4 -9 -6 -11 

Boyne 0.90 0.82 0.77 1 -9 -8 -16 

Piccadilly 0.90 0.82 0.77 0 -9 -8 -17 

Kerry 0.88 0.83 0.77 -5 -7 -8 -20 

Drumbo 0.88 0.82 0.8 -5 -9 0 -14 

Glenveagh 0.89 0.82 0.77 -3 -8 -8 -19 

Clanrye 0.88 0.82 0.77 -5 -9 -8 -22 
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Table 6.8 Pasture Profit Index of perennial ryegrass varieties with the addition of the 

Utilisation sub-index and updated economic values. 

Variety Ploidy Spring Summer Autumn Silage Quality Persistency Utilisation 
Updated 

PPI total 

AberMagic D 48 50 64 14 40 0 -2 213 

AberGain T 38 44 32 25 72 -6 2 207 

Dunluce T 32 42 43 23 43 -6 7 184 

Nifty D 78 50 49 19 -7 0 -6 184 

AberPlentiful T 45 51 38 14 33 0 -2 179 

Seagoe T 33 41 29 37 22 0 14 177 

Astonenergy T 7 37 31 11 68 0 22 176 

Xenon T 22 39 26 15 51 0 22 175 

Kintyre T 28 35 47 13 37 0 10 171 

Solas T 34 45 51 14 34 0 -11 169 

AberChoice D 23 47 36 8 71 -6 -12 167 

Rosetta D 93 25 33 15 2 0 -14 155 

Aspect T 25 41 17 9 41 0 21 154 

Alfonso T 13 38 27 4 56 0 11 150 

Magician T 54 30 26 26 8 -6 9 146 

Navan T 10 39 40 9 29 0 17 145 

Carraig T 47 37 23 29 -12 0 12 136 

Delphin T 17 40 19 20 18 0 9 123 

Twymax T -13 44 7 16 39 0 21 113 

Solomon D 70 29 22 20 -25 0 -14 102 

Glenroyal D 29 40 31 7 2 0 -11 99 

Kerry D 34 40 32 7 0 0 -17 97 

Drumbo D 26 30 24 -5 49 -14 -19 91 

Boyne D 55 29 24 38 -43 0 -16 87 

Majestic D 39 32 33 -1 -18 0 -11 75 

Stefani D 21 27 16 8 -2 0 1 71 

Clanrye D 34 42 10 16 -11 0 -22 69 

Tyrella D 40 18 8 -1 3 -6 5 68 

Glenveagh D 27 35 20 8 -11 0 -20 60 

Piccadilly D 26 31 12 15 -25 0 -17 42 
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6.4.6 Total Utilisation 

The sum of the spring, summer and autumn economic utilisation values gave the 

total grass utilisation economic value of each variety. This gives an indication of the 

mean additional utilisation potential of a variety across the grazing season. Table 6.7 

displays the utilisation potential of each variety within each season. Total utilisation 

ranged from €22/ha to -€22/ha. Spearman’s rank correlation between the original PPI 

of 2016 and the total utilisation ranking was 0.24 (Table 6.7).  

6.4.7 Updated PPI list 

Table 6.8 displays the updated PPI list with the addition of the utilisation sub-index 

and the application of the updated economic values for each sub-index applied. The 

range between the highest and lowest variety for overall PPI was €171/ha, an 

increase of €22/ha. The overall PPI of the highest ranked variety increased by €3/ha. 

The largest increase in overall PPI was €20/ha, while the largest decrease was -

€19/ha. These changes caused re-ranking between varieties with the largest fall in 

ranking occurring for Rosetta (D) and Solas (T) with a fall of four places. The largest 

increase in ranking occurred for Twymax (T) with an increase of six places. Despite 

these changes, re-ranking of varieties within the index was minimal with a 

Spearman’s rank correlation of 0.96 recorded between the original variety ranking 

and the updated ranking (with the addition of the utilisation sub-index and the 

application of the updated economic values; Table 6.9). 
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6.4.8 Relative emphasis 

Updating the economic values of the existing traits and incorporating the utilisation 

sub-index changed the relative emphasis of the sub-indices. Table 6.3 displays the 

change in emphasis between the 2016 PPI and the updated index. The relative 

contribution of spring and autumn DM production increased to 17 and 7%, 

respectively while the summer DM production contribution decreased to 5%. The 

overall contribution of the quality sub-index increased to 20% (+2%). Relative 

contributions of first and second-cut silage decreased to 8% and 5% each, 

respectively. Persistence relative contribution was calculated at 29%. The relative 

contribution of the utilisation trait was calculated as 9% (sum of spring, summer and 

autumn utilisation relative emphasis values of 2, 4 and 3%, respectively).  
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Table 6.9 Change in rank of varieties based on the updated total PPI values caused 

by the additional of the Utilisation sub-index (Spearman’s rank correlation = 0.96). 

New Updated PPI  2016 PPI 

Variety PPI total Rank 
 

Variety 
PPI 

total 
Rank 

AberMagic 213 1 
 

AberMagic 210 1 

AberGain 207 2 
 

AberGain 199 2 

Nifty 184 3 
 

Nifty 190 3 

Dunluce 184 4 
 

AberPlentiful 177 4 

AberPlentiful 179 5 
 

Solas 175 5 

Seagoe 177 6 
 

Dunluce 174 6 

Astonenergy 176 7 
 

AberChoice 173 7 

Xenon 175 8 
 

Rosetta 168 8 

Solas 171 9 
 

Seagoe 160 9 

AberChoice 169 10 
 

Kintyre 156 10 

Kintyre 167 11 
 

Astonenergy 147 11 

Rosetta 155 12 
 

Xenon 147 12 

Aspect 154 13 
 

Magician 137 13 

Alfonso 150 14 
 

Alfonso 133 14 

Magician 146 15 
 

Aspect 129 15 

Navan 145 16 
 

Carraig 125 16 

Carraig 136 17 
 

Navan 124 17 

Delphin 123 18 
 

Solomon 118 18 

Twymax 113 19 
 

Kerry 113 19 

Solomon 102 20 
 

Delphin 112 20 

Glenroyal 99 21 
 

Glenroyal 109 21 

Kerry 97 22 
 

Drumbo 108 22 

Drumbo 91 23 
 

Boyne 107 23 

Boyne 87 24 
 

Clanrye 91 24 

Majestic 75 25 
 

Twymax 89 25 

Clanrye 71 26 
 

Majestic 87 26 

Stefani 69 27 
 

Glenveagh 80 27 

Tyrella 68 28 
 

Stefani 70 28 

Glenveagh 60 29 
 

Tyrella 63 29 

Piccadilly 42 30 
 

Piccadilly 61 30 
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6.5 Discussion 

Since its introduction, the PPI has received wide-spread acceptance within the grass 

seed industry. This acceptance is evident in the increased sales of high ranking 

varieties compared to lower ranked varieties within the list (DAFM, 2020b). The key 

aim of the PPI is to identify perennial ryegrass varieties that give the greatest 

economic return. Traits of importance within the PPI must contribute to the low cost 

competitive advantage of grass based systems. The contribution of grass utilisation to 

grass based ruminant production systems has been outlined by Dillon et al. (2008), 

Ramsbottom et al. (2015) and Hanrahan et al. (2018). Differences in the ability of 

animals to utilise different perennial ryegrass varieties have been recognised within 

this thesis and in other studies (Byrne et al., 2018) and therefore justify the inclusion 

of a grass utilisation trait within the perennial ryegrass selection index. 

Limited evaluation of perennial ryegrass varieties within grazing systems has 

taken place as the development and operation of such protocols are costly. The 

evaluation developed in Chapter 4 provides an affordable methodology to assess 

grazing suitability. A control variety with a base value of ‘0’ RGH was assumed to 

compare grazing efficiency between perennial ryegrass varieties within each season. 

Values below ‘0’ RGH are consistently grazed lower than the control variety and so 

support greater grass utilisation. Interpreting RGH values can be confusing for 

farmers given that negative values are associated with superior/desirable grazing 

efficiency which can be non-intuitive. Expressing RGH as an economic value 

removes this complexity as industry understanding and acceptance of economic 

values within the PPI is well established (Gilliland et al., 2018, O'Donovan et al., 

2018). Aligning target grass utilisation performance of each season to the mean 

grazing efficiency of all varieties allowed for a relative comparison to be made. 
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These target utilisation values have been developed from grassland management 

studies aimed to maximise the quantity and quality of grass provided to cows 

(Macdonald et al., 2008, O’Donovan and Kennedy, 2007, Ganche et al., 2013). 

Incorporating grazing efficiency evaluations into the existing Recommended 

List protocols is required to provide an indication of a variety’s utilisation potential 

prior to becoming recommended. Currently varieties must be evaluated for two 

individual sowing years to become recommended (DAFM, 2020a). An indication of 

a variety’s herbage production and nutritive quality potential will be available after 

one year of evaluation. High performing candidate varieties identified within their 

first year could be selected and examined under animal grazing for two seasons so 

that a variety’s utilisation performance is known at recommendation. Minimal re-

ranking of varieties between years was recorded for grazing efficiency in this thesis 

and so assessment under one sowing year (two evaluation years) should be sufficient. 

The regression model developed in Chapter 4 could be used as the standard against 

which all varieties are assessed. A candidate varieties pre-grazing sward height 

would be inputted into the model and its predicted post-grazing sward height 

compared to its achieved post-grazing sward height. Alternatively control varieties 

could be selected from the current study and included within each new sowing of the 

animal grazing assessment to provide a relative comparison between varieties.  

Economic selection indices must be reactive to changes in input and output 

prices and addition of new traits to ensure the accuracy and robustness of the 

predicted values. Failure to do so may lead to an over/under-estimation of a varieties 

ability to perform economically within specialised production systems. The major 

price changes incorporated into the updated PPI include an increase in milk price 

(output) and a decrease in fertiliser price (input). Reseeding costs have increased, 
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primarily driven by an increase in the cost of machinery operations. Such high costs 

of reseeding may act as deterrent against reseeding but many studies show that the 

return on investment of pasture reseeding is high (Shalloo et al., 2010). Swards with 

poor herbage production are costing dairy farmers up to €300/ha in lost grass 

production during the growing season, therefore reseeding will often have paid for 

itself after three years of establishment, (Creighton, 2012, Teagasc, 2017). As 

reseeding costs increase, there is a rise in the importance of the value of the 

persistence sub-index. The persistence trait is generated based on ground cover 

change over time, which has been attributed to changes in herbage production over 

time (Creighton et al., 2012). Within the recommended list, the ground cover change 

is such that it is assumed that most varieties do not have to be reseeded within a 12 

year window, with any variety persistent beyond 12 years assumed to have no 

persistence costs (O'Donovan et al., 2016).  

 In general, tetraploid varieties displayed greater grazing efficiency than diploids 

and therefore this is reflected in the ranking within the new utilisation sub-index, 

with tetraploid varieties (in general) achieving higher, positive economic values. The 

increased grazing potential of tetraploid varieties has been identified both in the 

current study and other studies (Wims et al., 2013b, Cashman et al., 2016). In 

agreement with Byrne et al. (2018), Chapter 5 identified digestibility as a key 

selection trait to be used by breeders as a proxy for increased grazing efficiency. 

Digestibility is already captured in the PPI but digestibility only partly explains the 

grazing efficiency advantage of tetraploids (as indicated by the low rank correlation 

(0.25) between the original PPI list and utilisation ranking of varieties). Tetraploid 

sward canopy structure has also been identified as a factor influencing their intake 

(Mitchell, 1995). These morphological traits allied to greater grazing efficiency have 
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been identified in studies by Gilliland et al. (2002b) and Byrne et al. (2018) and in 

Chapter 5. The assessment of grazing efficiency and its inclusion within the PPI now 

captures this grazing efficiency advantage.  

Herbage DM yield was lower for tetraploid varieties assessed under animal 

grazing in Chapter 4. Such yield differences did not match the published 

performance of varieties within the Recommended List. The varieties were grazed 

concurrently within this study with tetraploids grazed to lower post-grazing sward 

heights which reduced the regrowth capacity of these varieties, relative to laxly 

grazed diploid varieties (Grant et al., 1981, Lee et al., 2008). This is an anomaly of a 

cafeteria style grazing evaluation of different varieties. However, by assessing the 

herbage yield in the DAFM plot trials and grazing efficiency in separate animal 

grazed plots ensures the independence of the measures within the PPI. The risk of 

over-grazing on farms is less of an issue as grazing animals will have less choice to 

graze alternative varieties more tightly than others. 

Given past experience of the influence of the PPI, the inclusion of the utilisation 

sub-index is likely to increase the demand for varieties excelling in the trait. Poor 

grazing efficiency varieties will be expected to have a declining use in grazing 

reseeds but may excel in other systems such as silage production and so should be 

marketed towards those systems (O'Donovan et al., 2016). The PPI informs the 

grassland industry on selection decisions and is likely to increase demand for a 

smaller number of superior varieties (with a corresponding decrease in demand for 

inferior varieties). As tetraploid varieties tend to display greater grazing efficiency, it 

is likely that demand for these varieties will increase further. The selection criteria 

used by perennial ryegrass variety breeders is generally influenced by the evaluation 

protocols used to develop variety Recommended Lists (Stewart and Hayes, 2011). 
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Therefore, the inclusion of the utilisation sub-index is very likely to incentivise 

breeders to increase selection on traits with known correlations to increased grazing 

efficiency such as increased OMD, increased leaf proportion and reduced sheath 

height (as reported in Chapter 5).  

 

6.6 Conclusion 

The overall economic merit of a perennial ryegrass variety is defined by relative 

performance of that variety for a given number of traits and the contribution of those 

traits to the profitability of grass based ruminant production systems. The robustness 

and accuracy of the PPI is dependent on the reliability of the economic assumptions 

used to derive the economic value of each trait. Regular reviewing of these 

assumptions and economic values ensures that varieties excelling in traits with the 

greatest influence on farm profitability are identified and rewarded and subsequently 

demanded within the grassland industry. The PPI informs farmers on the relative 

strengths and weaknesses of varieties allowing them to make informed decisions on 

selecting the appropriate varieties for their farm system. The inclusion of the grass 

utilisation sub-index further enhances the ability of the PPI to identify perennial 

ryegrass varieties that are best suited to grazing systems, but for the first time placing 

the plant animal interaction with the index. The incorporation of the utilisation sub-

index will incentivise breeders to select for improved grazing efficiency, ultimately 

increasing the calibre of varieties available to grassland farmers.  
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Chapter 7: The agronomic performance of perennial ryegrass 

varieties evaluated as monocultures and mixtures of varying 

complexity under animal grazing   
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7.1 Summary 

Perennial ryegrass varieties are evaluated in monoculture plots, but in practice are 

typically sown as combinations of three or more varieties. Monoculture performance 

is used as a predictor of mixture performance, but this practice is questionable, 

particularly for grazing efficiency traits that interact with the grazing animal. Two 

field experiments were carried out to examine the production, grazing efficiency and 

nutritive quality traits of varieties sown as monocultures, and their binary, ternary 

and quaternary mixtures. Both studies contained two diploid and two tetraploid 

varieties comprising of only late heading varieties in study 1 and combinations of 

late and intermediate heading varieties in study 2, all managed under cattle grazing 

with 16 grazing events taking place over two years.  

Synergistic effects, defined as a greater performance above that of the 

component variety mean (based on their respective component monoculture 

performance), were observed within some mixtures for certain traits although these 

rarely exceeded that of the best component monocultures. Performance differences 

attributable to ploidy within monocultures were expressed in the mixtures, however 

differences in the spread of heading date within a mixture had few effects. 

Differences in grazing efficiency between varieties were also expressed within 

mixtures, however there was no consistent evidence of a synergistic enhancement of 

the cattle’s willingness or ability to graze sward mixtures more effectively. Mixture 

performance values were within the range of the component varieties for most traits, 

indicating that monoculture evaluation can be used as a reliable indicator of the 

performance of perennial ryegrass mixtures. 
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7.2 Introduction 

Perennial ryegrass (Lolium perenne L.) is the most important forage species within 

pasture-based ruminant production systems accounting for up to 95% of all forage 

seed sales in some countries (Grogan and Gilliland, 2011). Perennial ryegrass 

varieties are typically evaluated in monoculture plots only but in practice in Ireland 

they are sown as mixtures of three to four varieties (Griffith et al., 2016). 

There is limited research investigating how mixture performance compares to 

monoculture performance for dry matter (DM) yield, especially under animal 

grazing, and results are often conflicting. Culleton et al. (1986) reported that DM 

yield of perennial ryegrass mixtures never exceeded that of the highest yielding 

component variety, while DM yield was significantly greater for perennial ryegrass 

mixtures in a study by Jones and Roberts (1994). Furthermore, examination of other 

varietal traits such as nutritive quality and grazing efficiency is limited. The effect of 

mixtures on sward nutritive quality was investigated by Griffith (2014) who found 

that digestibility of mixtures never exceeded that of the most digestible component 

variety.  

The current study used an animal grazing protocol to evaluate and compare the 

performance of perennial ryegrass varieties sown in monoculture and in binary, 

ternary and quaternary mixtures, for production, nutritive value and grazing 

efficiency traits. Top performing varieties from the PPI were selected to represent 

different ploidy and heading classifications. Two separate studies were conducted to 

investigate the effect of heading date range. The objective of these studies was to 

gain a greater understanding of the possible interactions between perennial ryegrass 

varieties, sown as mixtures and evaluated under animal grazing, for various traits of 
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importance to ruminant grazing systems. It was hypothesised that the majority of 

mixtures would perform within the range of their component monoculture 

performances. 

 

7.3 Materials and methods 

7.3.1 Experimental design 

The location and sowing method used in this study has previously been described in 

Chapter 3 (section 3.1). The experiment took place over two grazing seasons, 2018 

and 2019. Two plot studies were sown in 2017 with plot size measuring 3 × 5 m (15 

m2) in a complete randomised block design. Each block (n = 3) contained 15 plots 

with the following treatments at sowing: monoculture (n = 4), two varieties of equal 

proportions (n = 6), three varieties of equal proportions (n = 4) and four varieties of 

equal proportions (n = 1). Table 7.1 displays the varieties examined and their 

respective ploidy and heading date classification. Study 1 contained both diploid and 

tetraploid varieties with similar ‘late’ heading dates (i.e. a narrow range) whereas 

study 2 contained diploid and tetraploid varieties with ‘late and intermediate’ 

heading dates (i.e. a wide range). The maximum heading date range of the mixtures 

in study 1 (narrow range) was 9 days and in study 2 (wide range) was 18 days. Each 

treatment was assigned a ploidy characterisation based on the dominant ploidy of the 

mixture: diploid (>50% diploid varieties at sowing), tetraploid (>50% tetraploid 

varieties at sowing) and equal (50% of both diploid and tetraploid varieties at 

sowing; Table 7.2). The mixtures examined in both studies were: 2 diploid 

monocultures, 2 tetraploid monocultures, 1 diploid binary mixture, 1 tetraploid 
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binary mixture, 4 equal ploidy binary mixtures, 2 diploid dominant ternary mixtures, 

2 tetraploid dominant ternary mixtures and 1 equal ploidy quaternary mixture. 

Heading categorisation of each sowing treatment was assigned in the same manner: 

late (>50% late heading varieties at sowing), intermediate (>50% intermediate 

heading varieties at sowing), and equal (50% of both late and intermediate heading 

varieties at sowing). In study 1 all monocultures and mixtures were categorised as 

late heading. In study 2 the mixtures examined were categorised as: 2 late 

monocultures, 2 intermediate monocultures, 1 late binary mixture, 1 intermediate 

binary mixture, 4 equal heading binary mixtures, 2 late dominant ternary mixtures, 2 

intermediate dominant ternary mixtures and 1 equal heading quaternary mixture. The 

respective heading date range of intermediate, equal and late heading groups was 

May 24th to May 29th, May 30th to June 2nd and June 3rd to June 9th. Data collection 

commenced from 2018 with two grazing seasons evaluated.  

 

Table 7.1 Perennial ryegrass varieties examined within both studies and their 

corresponding ploidy and heading date (DAFM, 2018a) 

Study 1 Study 2 

Varieties Ploidy 
Heading 

Date 
Varieties Ploidy 

Heading 

Date 

AberChoice Diploid June 9th AberChoice Diploid June 9th 

Astonenergy Tetraploid June 4th AberClyde Tetraploid May 25th 

Oakpark Diploid June 2nd Astonenergy Tetraploid June 4th 

Solas Tetraploid June 10th Rosetta Diploid May 24th 
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Table 7.2 Mixture compositions of Study 1 and Study 2 and their relative ploidy proportions and classification. 

Study 1 Mixtures 
Ploidy 

ratio 

Ploidy 

proportion 

D:T 

Ploidy 

classification 
Study 2 Mixtures 

Ploidy 

ratio 

Ploidy 

proportion 

D:T 

Ploidy 

classification 

AChoice/Oak D:D 100:0 Diploid AChoice/Ros D:D 100:0 Diploid 

AChoice/Aston D:T 50:50 Equal AChoice/Aston D:T 50:50 Equal 

AChoice/Solas D:T 50:50 Equal AChoice/AClyde D:T 50:50 Equal 

Oak/Aston D:T 50:50 Equal Ros/Aston D:T 50:50 Equal 

Oak/Solas D:T 50:50 Equal Ros/AClyde D:T 50:50 Equal 

Aston/Solas T:T 0:100 Tetraploid Aston/AClyde T:T 0:100 Tetraploid 

AChoice/Oak/Aston D:D:T 66:33 Diploid AChoice/Ros/Aston D:D:T 66:33 Diploid 

AChoice/Oak/Solas D:D:T 66:33 Diploid AChoice/Ros/AClyde D:D:T 66:33 Diploid 

AChoice/Aston/Solas D:T:T 33:66 Tetraploid AChoice/Aston/AClyde D:T:T 33:66 Tetraploid 

Oak/Aston/Solas D:T:T 33:66 Tetraploid Ros/Aston/AClyde D:T:T 33:66 Tetraploid 

AChoice/Oak/Aston/

Solas 

D:D:T:

T 
50:50 Equal 

AChoice/Ros/Aston/ 

AClyde 

D:D:T:

T 
50:50 Equal 

Study 1 sowing treatments: AChoice = AberChoice; Oak = Oakpark; Aston = Astonenergy; Solas= Solas.  

Study 2 sowing treatments: AChoice = AberChoice; Ros = Rosetta; Aston = Astonenergy; AClyde = AberClyde
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7.3.2 Grazing management 

Grazing management of the trial has been previously described in Chapter 3 (Section 

3.2). 

7.3.3 Production measurements 

Details of the methodology used to measure production traits has been previously 

described in Chapter 3 (Section 3.3). The area of the harvest cut was 5 m2 (4 m × 

1.25 m). 

7.3.4 Grazing efficiency measurements 

Residual Grazed Height of each sward was calculated based on the methodology 

described in Chapter 4 (Section 4.3.3). Negative values of RGH are indicative of 

increased grazing efficiency. Proportion of available herbage consumed (proportion 

consumed) of each sward was calculated as described in Chapter 3 (Section3.3). 

7.3.5 Grass nutritive quality measurements 

Nutritive quality was determined using the methodology detailed in Chapter 3 

(Section 3.4). 

7.3.6 Statistical analysis 

The statistical package SAS (SAS Inst. Inc., Cary, NC) was used for statistical 

analysis. The PROC MIXED procedure was used to analyse differences between 

sward types, ploidy and heading groups in both studies. Analysed dependent 

variables included: pre-grazing herbage mass, pre-grazing sward height, post-grazing 

sward height, RGH, herbage density, proportion consumed, OMD, CP and NDF. 
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Block was used as a random variable in the model. The equation used for the model 

was as follows:  

Y= μ + Ya + Pb +Bc+ Hd + Ce+ Gf + (Ya x Pb) + (Ya x Hd) + (Pb x Hd) + (Gf x Pb) + (Gf 

x Hd) + eabcdef 

Where:  

Y = observation; 

μ = mean; 

Ya = year effect (a= 1…2); 

Pb = ploidy group effect (b = 1…3); 

Bc = block effect (c=1…3); 

Hd = heading group effect (d= 1…3); 

Ce = sowing treatment (within ploidy*heading group) effect (e = 1…15); 

Gf = rotation (within year) effect (f = 1…8); 

(Ya x Pb) = year x ploidy interaction; 

(Ya x Hd) = year x heading interaction; 

(Pb x Hd) = ploidy x heading interaction; 

(Gf x Pb) = rotation (within year) x ploidy interaction; 

(Gf x Hd) = rotation (within year) x heading interaction; 

Eabcdef = residual error term. 

The ESTIMATE statement was used to predict the mean expected values of 

mixtures for each trait, based on the performance of the component monocultures. 

The CONTRAST statement was then used to compare predicted means to the 

observed values of mixtures within both studies.  
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7.4 Results 

7.4.1 Meteorological 

Meteorological conditions experienced during the experimental period have 

previously been described in Chapter 3 (Section 3.6). 

7.4.2 Sward production traits 

Herbage DM accumulation differed significantly between years (P < 0.05) in both 

studies with greater yields recorded for 2019 in comparison to 2018 (study 1: 12.0 t 

DM/ha in 2018 vs. 12.4 t DM/ha in 2019; study 2: 10.9 t DM/ha in 2018 vs. 12.2 t 

DM/ha in 2019). Herbage DM accumulation differed significantly between sward 

types (P < 0.05). In study 1, Oakpark (D) had the highest herbage DM accumulation 

of all monoculture treatments (Table 7.3), followed by AberChoice (D), Solas (T) 

and Astonenergy (T). The highest herbage DM accumulation was recorded by the 

binary mixture AberChoice/Astonenergy (D:T), but this was not significantly greater 

than the highest component variety AberChoice (D) in monoculture (Fig. 7.1), whilst 

no mixture yielded lower than the lowest monoculture Astonenergy (T). Mixtures 

with a greater proportion of diploid varieties had the greatest mean herbage DM 

accumulation (12.5 t DM/ha), whereas tetraploids had the lowest (11.8 t DM/ha) and 

equal ploidy mixtures were within the range of both (12.2 t DM/ha; P < 0.01; Table 

7.4). Herbage DM accumulation in study 2 was greatest for the AberChoice (D) 

monoculture followed by AberClyde (T), Astonenergy (T) and Rosetta (D; P < 0.05, 

Table 7.5). No mixture produced more herbage than the AberChoice (D) 

monoculture and the lowest yielding sward type was the 4-variety mixture (P < 0.01, 

Fig. 7.2). Mean annual herbage accumulation differences between ploidy and 

heading groups were not significant in study 2. 
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Table 7.3 Mean annual agronomic results of each sward type in study 1 (Late heading varieties only; narrow heading date range). 

Sowing Treatment Ploidy Heading 
Pre height 

(cm) 

Post height 

(cm) 

Herbage yield 

(kg DM/ha) 

Herbage Acc. 

 (kg DM/ha) 

Herbage Density 

(g/cm) 

RGH 

(cm) 

OMD 

 (g/kg) 

CP 

 (g/kg DM) 

NDF  

(g/kg DM) 

AberChoice D Late 11.1 4.4 1765 12419 240 +0.21 790 208 474 

Oakpark D Late 11.3 4.6 1791 12493 237 +0.32 789 215 484 

Astonenergy T Late 9.4 3.5 1404 11198 245 -0.39 807 221 432 

Solas T Late 10.0 3.9 1557 11790 245 -0.15 802 224 457 

AChoice/Oak D Late 11.2 4.4 1791 12713 242 +0.20 792 216 472 

AChoice/Aston E Late 10.7 4 1718 12734 244 -0.10 799 213 456 

AChoice/Solas E Late 10.7 4.3 1659 11944 239 +0.12 795 219 463 

Oak/Aston E Late 10.6 4.0 1646 12135 237 -0.08 802 223 456 

Oak/Solas E Late 10.9 4.3 1736 12482 242 +0.13 798 215 465 

Aston/Solas T Late 10.3 3.8 1616 12465 248 -0.27 802 221 447 

AChoice/Oak/Aston D Late 10.7 4.2 1749 12554 251 +0.11 790 214 468 

AChoice/Oak/Solas D Late 11.0 4.2 1731 12500 234 0.00 792 221 472 

AChoice/Aston/Solas T Late 10.3 4.1 1602 11795 241 +0.01 799 222 455 

Oak/Aston/Solas T Late 10.0 4.0 1599 11911 246 -0.03 796 217 463 

AChoice/Oak/Aston/ 

Solas 
E Late 10.7 4.0 1611 11919 228 -0.09 797 218 462 

S.E. - - 0.2 0.1 59 335 8 0.05 2 4 4 

Pre height = pre-grazing sward height; Post height = post-grazing sward height; Herbage yield = mean herbage yield at each grazing event; 

Herbage Acc. = Annual Herbage accumulation; RGH = Residual Grazed Height; OMD = Organic Matter Digestibility; CP = Crude Protein; NDF 

= Neutral Detergent Fibre. 

Sowing treatment: AChoice = AberChoice; Oak = Oakpark; Aston = Astonenergy; Solas= Solas.  

Ploidy: D = > 50% diploid varieties included at sowing; T = > 50% tetraploid varieties included at sowing; E = 50% of both diploids and 

tetraploid varieties sown in equal proportions. 
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Table 7.4 Mean annual agronomic results for each ploidy classification within study 1 (Late heading varieties only; narrow heading date range). 

Significant differences between (Sowing) Treatment, Ploidy and Year for all traits are also shown. 

 Ploidy     

Trait Diploid Equal Tetraploid S.E. Treatment Ploidy Year 

Pre height (cm) 11.0 10.7 10.0 0.1 ** *** NS 

Post height (cm) 4.4 4.1 3.8 0.1 *** *** *** 

Herbage acc. (kg DM/ha) 12532 12239 11828 218 * ** * 

Herbage Density (kg/cm) 241 238 245 5 NS NS NS 

RGH (cm) +0.17 0.0 -0.17 0.02 *** *** NS 

Proportion Consumed 0.89 0.92 0.97 0.01 *** *** * 

OMD (g/kg) 791 798 801 1 ** *** *** 

CP (g/kg DM) 215 218 221 3 NS * *** 

NDF (g/kg DM) 474 461 451 2 *** *** *** 

Pre height = pre-grazing sward height; Post height = post-grazing sward height; Herbage acc. = annual herbage accumulation; RGH = Residual 

Grazed Height; Proportion Consumed = Proportion of available herbage consumed; OMD = organic matter digestibility; CP = Crude Protein; 

NDF = Neutral Detergent Fibre. Ploidy: D = > 50% diploid varieties included at sowing; T = > 50% tetraploid varieties included at sowing; E = 

50% of both diploids and tetraploid varieties sown in equal proportions.  

S.E. Standard Error. 

NS = Non significant: P > 0.05; * = P < 0.05; ** = P < 0.01; *** = P < 0.001.  
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Significant differences were found between sward types (P < 0.01) and ploidy (P 

< 0.001) in study 1 for pre-grazing sward height where all tetraploid dominant 

mixtures had the lowest values, while all diploid dominant mixtures except the 

AberChoice/Oak/Astonenergy (D:D:T) had the highest. AberChoice (D) had the 

highest pre-grazing sward height (11.3 cm), whereas Astonenergy (T) had the lowest 

(9.4 cm). Mean pre-grazing sward height for diploid, equal and tetraploid sowing 

groups in study 1 were 11.0, 10.7 and 10.0 cm respectively. Differences between 

sward type and between heading groups were not significant for pre-grazing sward 

height in study 2 but diploid dominant swards (monocultures and mixtures) had 

significantly (P < 0.01) higher pre-grazing sward heights (10.4 cm) followed by 

equal ploidy mixtures (10.3 cm) and tetraploid dominant (9.8 cm) swards. 

Significant differences were observed between sward types, ploidy and years (P 

< 0.001) for post-grazing sward height in both studies. In study 1, 2018 mean post-

grazing sward height was 4.0 cm whilst in 2019 it was 4.2 cm. Within study 2 the 

disparity between years was greater with post-grazing sward heights of 3.8 and 4.2 in 

2018 and 2019 respectively. In study 1, the Astonenergy (T) monoculture had the 

lowest post-grazing sward height (3.5 cm) of all the swards whilst Oakpark (D) had 

the highest (4.6 cm). Tetraploids had lower mean post-grazing sward height (3.8 cm) 

than diploid (+0.6 cm) and equal (+0.3 cm) mixtures. In study 2, Astonenergy (T) 

also achieved the lowest post-grazing sward height (3.7 cm) and the binary mixture 

of AberChoice/Rosetta (D:D) was the highest (4.3 cm), followed by the AberChoice 

(D) monoculture (4.2 cm). Tetraploids had lower post-grazing sward heights (3.8 

cm) than equal (+0.3 cm) and diploid mixtures (+0.3 cm). In study 2, intermediate 

dominant mixtures and monocultures achieved the lowest post-grazing sward height 

(3.9 cm), followed by equal (+0.1 cm) and late dominant (+0.2 cm) mixtures (P < 
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0.05; Table 7.6).  

Herbage density did not differ significantly between sward type, ploidy or 

heading in both studies. Mean herbage density within both study 1 and study 2 was 

233 and 236 kg DM/cm. There was a significant difference between years within 

study 2 (P < 0.001) as herbage density in 2018 was 221 kg DM/cm, however in 2019 

this increased to 252 kg DM/cm.  

 

 

Figure 7.1 Herbage accumulation of variety mixture sowing treatments in study 1 

(all late heading). 

Sowing treatment: AChoice = AberChoice; Oak = Oakpark; Aston = Astonenergy; 

Solas= Solas. 

Ploidy: Diploid = > 50% diploid varieties included at sowing; Tetraploid = > 50% 

tetraploid varieties included at sowing; Equal = 50% of both diploids and tetraploid 

varieties sown in equal proportions. 
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Figure 7.2 Herbage accumulation of variety mixture sowing treatments in study 2 

(Late and Intermediate heading). 

Sowing treatment: AChoice = AberChoice; Ros = Rosetta; Aston = Astonenergy; 

AClyde= AberClyde. 

Ploidy: Diploid = > 50% diploid varieties included at sowing; Tetraploid = > 50% 

tetraploid varieties included at sowing; Equal = 50% of both diploids and tetraploid 

varieties sown in equal proportions. 

 

7.4.3 Grazing efficiency 

Residual Grazed Height differed significantly between sward types in both studies (P 

< 0.001) as Astonenergy (T) had the lowest RGH value (-0.39 cm), whilst Oakpark 

(D) had the highest (+0.32 cm) in study 1 (Fig. 7.3). A similar result was found in 

study 2 where Astonenergy (T) again had the lowest RGH value (-0.18 cm) and the 

diploid dominant mixture AberChoice/Rosetta (D:D) had the highest (+0.20 cm; P < 

0.05; Fig. 7.4). AberChoice (D) was the lowest performing monoculture for grazing 

efficiency in study 2 with an RGH value of +0.17 cm. Tetraploid dominant swards in 

study 1 exhibited significantly (P < 0.001) greater grazing efficiency than equal and 

diploid dominant swards with RGH values of -0.17 , 0.0 and +0.17 cm respectively. 
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In contrast to study 1, the range in RGH values between sward types was reduced in 

study 2. The difference between tetraploid, equal and diploid dominant sward types 

for RGH in study 2 was -0.11, +0.07 and +0.10 cm respectively (P < 0.001). In study 

2, intermediate dominant swards had a significantly lower (P < 0.05) mean RGH 

value than equal and late swards at -0.03, +0.02 and +0.07 cm respectively.  

 

 

Figure 7.3 Residual Grazed Height of variety mixture sowing treatments in study 1 

(all Late heading). 

Sowing treatment: AChoice = AberChoice; Oak = Oakpark; Aston = Astonenergy; 

Solas= Solas. 

Ploidy: Diploid = > 50% diploid varieties included at sowing; Tetraploid = > 50% 

tetraploid varieties included at sowing; Equal = 50% of both diploids and tetraploid 

varieties sown in equal proportions. 
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Figure 7.4 Residual Grazed Height of variety mixture sowing treatments in study 2 

(Late and Intermediate heading). 

Sowing treatment: AChoice = AberChoice; Ros = Rosetta; Aston = Astonenergy; 

AClyde= AberClyde. 

Ploidy: Diploid = > 50% diploid varieties included at sowing; Tetraploid = > 50% 

tetraploid varieties included at sowing; Equal = 50% of both diploids and tetraploid 

varieties sown in equal proportions. 
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Table 7.5 Mean annual agronomic results of each sward type in study 2 (Late and Intermediate heading varieties, wide heading date range). 

Sowing Treatment Ploidy Heading 
Heading 

date 

Pre height 

(cm) 

Post height 

(cm) 

Herbage yield 

(kg DM/ha) 

Herbage Acc. 

(kg DM/ha) 

Herbage Density 

(kg/cm) 

RGH 

(cm) 

OMD 

(g/kg) 

CP 

(g/kg DM) 

NDF 

(g/kg DM) 

AberChoice D Late June 9th 10.6 4.2 1709 12362 239 +0.17 800 214 462 

Rosetta D Inter May 24th 10.0 3.9 1513 10871 234 -0.05 800 213 459 

AberClyde T Inter May 25th 10.1 3.8 1578 12086 243 -0.17 809 214 436 

Astonenergy T Late June 4th 9.6 3.7 1423 10985 247 -0.18 814 217 428 

AChoice/Ros D Equal June 2nd 10.6 4.3 1642 11733 228 +0.20 802 213 459 

AChoice/Aston E Late June 7th 10.3 4.2 1606 11588 235 +0.16 801 207 452 

AChoice/AClyde E Equal June 2nd 10.5 4.1 1672 12237 243 +0.03 804 212 449 

Ros/Aston E Equal May 30th 10.5 4.0 1574 11628 225 -0.04 805 217 451 

Ros/AClyde E Inter May 25th 10.2 4.1 1578 11595 244 +0.07 804 218 453 

Aston/AClyde T Equal May 30th 9.7 3.8 1438 11074 237 -0.12 812 216 426 

AChoice/Ros/Aston D Late June 3rd 10.6 4.2 1680 12173 235 +0.08 798 215 461 

AChoice/Ros/AClyde D Inter May 29th 10.2 4.1 1572 11731 237 -0.03 800 220 458 

AChoice/Aston/AClyde T Late June 3rd 9.9 3.9 1513 11364 238 -0.01 810 217 439 

Ros/Aston/AClyde T Inter May 28th 9.9 3.9 1480 11131 233 -0.07 806 218 443 

AChoice/Ros/Aston/AClyde E Equal June 2nd 10.1 3.9 1490 10771 228 -0.07 802 217 447 

S.E. - -  0.2 0.1 60 379 8 0.06 2 4 4 

Heading date = Mean heading date of mixture; Pre height = pre-grazing sward height; Post height = post-grazing sward height; Herbage yield = mean herbage 

yield at each grazing event; Herbage Acc. = Annual Herbage accumulation; RGH = Residual Grazed Height; OMD = Organic Matter Digestibility; CP = 

Crude Protein; NDF = Neutral Detergent Fibre. Sowing treatment: AChoice = AberChoice; Ros = Rosetta; Aston = Astonenergy; AClyde= AberClyde. 

Ploidy: D = > 50% diploid varieties included at sowing; T = > 50% tetraploid varieties included at sowing; E = 50% of both diploids and tetraploid varieties 

sown in equal proportions. 

Heading categorisation: Late = mean heading date between June 3rd to June 9th (inclusive); Inter = mean heading date from May 24th to May 29th; Equal = 

mean heading date from May 30th to June 2nd. 
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Table 7.6 Mean annual agronomic results for each heading group within each ploidy classification in study 2. Significant differences between 

(Sowing) Treatment, Ploidy and Year for all traits are also shown. 

 Diploid Equal Tetraploid       

 
L E I L E I L E I S.E. Treatment Ploidy Heading 

Ploidy × 

heading 
Year 

Pre height (cm) 10.6 10.6 10.1 10.3 10.3 10.2 9.7 9.7 10.0 0.2 NS *** NS * NS 

Post height (cm) 4.2 4.3 3.9 4.2 4.0 4.1 3.8 3.8 3.8 0.1 ** *** * ** *** 

Herbage acc. 

(kg DM/ha) 
12286 11752 11319 11606 11564 11614 11193 11093 11627 348 * NS NS NS *** 

Herbage density 

(kg/cm) 
237 228 236 235 232 244 243 237 238 6.2 NS NS NS NS *** 

RGH (cm) +0.13 +0.20 -0.04 +0.17 -0.02 +0.07 -0.09 -0.12 -0.12 0.05 * *** * ** NS 

Proportion 

Consumed 
0.91 0.90 0.94 0.91 0.93 0.92 0.96 0.97 0.95 0.01 NS *** NS * *** 

OMD (g/kg) 799 802 800 801 804 804 812 812 808 2 NS *** NS NS *** 

CP (g/kg DM) 214 213 216 207 215 218 217 216 216 3 NS NS NS NS *** 

NDF (g/kg DM) 461 459 459 452 449 453 433 426 439 3 NS *** NS NS *** 

Pre height = pre-grazing sward height; Post height = post-grazing sward height; Herbage acc. = herbage accumulation; RGH = Residual Grazed 

Height; Proportion Consumed = Proportion of available herbage consumed; OMD = organic matter digestibility; CP = Crude Protein; NDF = 

Neutral Detergent Fibre. Ploidy: Diploid = > 50% diploid varieties included at sowing; Tetraploid = > 50% tetraploid varieties included at 

sowing; Equal = 50% of both diploids and tetraploid varieties sown in equal proportions. 

Heading categorisation: L = Late (mean heading date between June 3rd to June 9th (inclusive)); Inter = Intermediate (mean heading date from May 

24th to May 29th); E = Equal (mean heading date from May 30th to June 2nd) 

S.E. Standard Error. 

NS = Non significant: P > 0.05; * = P < 0.05; ** = P < 0.01; *** = P < 0.001. 
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In study 1, proportion consumed differed significantly (P < 0.001) between 

sward types as the Oakpark (D) monoculture had the lowest proportion consumed 

(0.87) of all whilst Astonenergy (T) had the highest (1.04). The same result was 

found in study 2, where Astonenergy (T) also achieved the highest proportion 

consumed (0.98) and AberChoice (D) was the lowest (-0.08). Tetraploids had 

significantly higher (P < 0.001) mean proportion consumed (0.97) than diploid (-

0.08) and equal (-0.05 cm) sward types in study 1 with the same result recorded in 

study 2 with proportion consumed values of 0.96, 0.92 and 0.91 for tetraploid, equal 

and diploid swards respectively. Proportion consumed was significantly (P < 0.05) 

higher in 2018 than 2019, with values of 0.94 and 0.92 in study 1 and 0.96 and 0.91 

in study 2, respectively 

7.4.4 Nutritive value 

In study 1 Astonenergy (T) had the highest OMD (807 g/kg DM) whilst Oakpark (D) 

had the lowest (-18 g/kg DM; P < 0.001). All diploid dominant mixtures had the 

lowest OMD levels while mixtures with increased proportion of tetraploid varieties 

had increased OMD (P < 0.001). Mean OMD levels for tetraploid dominant, diploid 

dominant and equal mixtures were 801 g/kg DM, 791 g/kg DM and 798 g/kg DM 

respectively (P < 0.001). Mean OMD between years differed significantly in study 1 

with values of 799 and 795 g/kg DM for 2018 and 2019 respectively.  

In study 2 Ploidy and year were significant for OMD (P < 0.05) but not between 

sward type and heading group. Mean OMD values of 791 g/kg DM, 798 g/kg DM 

and 801 g/kg DM were recorded for diploid, equal and tetraploid mixtures 

respectively. Organic Matter Digestibility for 2018 and 2019 was 816 and 793 g/kg 

DM, respectively.  
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There were no significant differences between sward types for CP in both 

studies. Tetraploid dominant swards had significantly higher (P < 0.05) CP levels 

(221 g/kg DM) than both diploids (-6 g/kg DM) and equal (-3 g/kg DM) mixtures. 

Study 1 CP content was significantly higher (P < 0.001) in 2018 than 2019 (221 vs. 

214 g/kg DM). Sward type, ploidy and heading did not differ significantly for CP in 

study 2 but there was a significant (P < 0.001) difference between 2018 (219 g/kg 

DM) and 2019 (-8 g/kg DM).  

Astonenergy (T) had the lowest NDF content (432 g/kg DM) whilst Oakpark (D) 

had the highest (+52 g/kg DM; P < 0.001) in study 1. All diploid dominant mixtures 

had the highest NDF levels in study 1 while mixtures with an increased proportion of 

tetraploid varieties had reduced NDF. Mean NDF levels for tetraploid dominant, 

equal ploidy and diploid dominant mixtures were 451 g/kg DM, 461 g/kg DM and 

474 g/kg DM, respectively (P < 0.001). Mean NDF content differed significantly 

between years (P < 0.001) at 456 g/kg DM in 2018, which increased to 468 g/kg DM 

in 2019. In study 2 significant differences (P < 0.001) were recorded between ploidy 

groups, with diploids dominant mixtures having the highest mean NDF content of 

460 g/kg DM, in comparison to equal ploidy mixtures (-9 g/kg DM lower) and 

tetraploids mixtures (-27 g/kg DM). Neutral Detergent Fibre content in 2018 was 

significantly less (P < 0.001) than 2019 at 429 and 467 g/kg DM respectively.  

7.4.5 Differences between estimated and observed agronomic performance 

Based on monoculture performance of the component varieties examined within 

these studies, the predicted performance of mixtures for all traits was estimated based 

on the hypothesis that the mixtures performance for any given trait could be 

calculated as the mean of the component varieties. These predictions were compared 
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to the observed performance of each mixture (Table 7.8 and Table 7.9).  

In study 1, most mixture performance values were broadly consistent with the 

prediction calculated from their monoculture components. Compared to both of its 

component varieties in monoculture, the tetraploid binary mixture of 

Astonenergy/Solas (T:T), had a significantly higher pre-grazing sward height (+0.5 

cm, P < 0.05) and produced 1.0 t DM/ha (P < 0.05) more herbage than the 

component variety mean, significantly exceeding the yield of both monocultures. 

Even with this increase in herbage DM accumulation, observed grazing efficiency 

was equal to that predicted with an RGH value of -0.27 cm. The 

AberChoice/Astonenergy (D:T) mixture also over-yielded both component 

monocultures, producing 0.9 t DM/ha more herbage than the predicted mean (P < 

0.05). Pre-grazing sward height for the mixture was 0.6 cm greater than the 

component variety mean (P < 0.05), although was not greater than that of the highest 

component monoculture. Mixture performance of the remaining binary mixtures in 

study 1, for all traits, did not significantly differ from that of the component means.  

A similar result was observed in study 2 where the majority of binary mixtures 

performed as predicted from the monoculture results. Post-grazing sward height of 

the AberChoice/Rosetta (D:D) mixture was 0.2 cm (P < 0.05) greater than the 

component variety mean. Actual grazing efficiency of the AberChoice/Astonenergy 

(D:T) mixture was inferior to that predicted with RGH 0.17 cm greater than 

predicted (P < 0.05). Post grazing sward height (+0.2 cm) and OMD (-6 g/kg DM) 

also differed significantly from component variety mean (P < 0.05). Actual 

performance for the Rosetta/Astonenergy (D:T) equal ploidy mixture differed 

significantly for pre-grazing sward height (+0.7 cm, P < 0.05) and post-grazing 

sward height (+0.2 cm, P < 0.05). Grazing efficiency of the Rosetta/AberClyde (D:T) 
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mixture was significantly less (+0.18 RGH, P < 0.05) than both monocultures at 

+0.07 RGH, while both monocultures had RGH values of -0.05 cm and -0.17 cm 

respectively. Post-grazing sward height of the Rosetta/AberClyde (D:T) mixture was 

0.2 cm (P < 0.05) greater than predicted. 

Within the ternary mixtures of both studies, variable results were reported for the 

different traits. The tetraploid dominant AberChoice/Astonenergy/Solas (D:T:T) 

mixture in study 1, had significantly higher post-grazing sward height (+0.2 cm, P < 

0.05), and RGH (+0.12 cm, P < 0.05), than the predicted mean (but did not exceed 

that of the highest component monoculture). In study 2, pre-grazing sward height of 

the AberChoice/Rosetta/Astonenergy (D:D:T) mixture was 0.7 cm greater than that 

predicted (P < 0.01). Post-grazing sward height (+0 .2 cm, P < 0.05) and NDF (+11 

g/kg DM, P < 0.05) were also greater than predicted. The quaternary mixture in 

study 1 did not differ significantly from the predicted mean for any traits while 

observed herbage accumulation of the AberChoice/Rosetta/Astonenergy/AberClyde 

(D:D:T:T)  mixture in study 2 was 0.8 t DM/ha (P < 0.05) less than predicted. 

Table 7.7 displays the number of differences expected by chance to occur within 

each level of significance. Overall there were 220 comparisons conducted between 

the two studies examining eleven mixtures and ten traits. Within the 0.95 

significance limit, eleven of the trait comparisons were expected to differ by chance. 

Twenty significant differences were recorded. The number of significant differences 

recorded within 99% confidence interval (1) did not exceed that expected by chance 

(2.2). No comparison between the predicted and observed values achieved a 

significance greater than 99.9%. Seven of the ten traits examined differed 

significantly between sward types. Fourteen of these comparisons differed 

significantly exceeding the number expected within the 95% confidence interval 
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(3.85). One observed comparison occurred within the 99% confidence interval, 

equalling that expected (0.77). No observed difference within the 99.9% confidence 

interval was recorded. Comparisons between traits were examined to determine 

whether certain traits were more likely to display a synergy benefit. Within the 95% 

confidence interval, the number of observed differences (1.4) exceeded that predicted 

(1.1). The number of observed differences within the 99% confidence interval also 

exceeded that predicted (0.22 expected vs. 1 observed) while no difference was 

recorded within the 99.9% interval. 

 

Table 7.7 The predicted and observed differences between varieties within each 

confidence interval 

 

n P < 0.05 P < 0.01 P < 0.001 

  Pred. Obsrv. Pred. Obsrv. Pred. Obsrv. 

All trait 

comparisons 
220 11 20 2.2 1 0.22 0 

Significant 

differences 

comparisons1 

77 3.85 14 0.77 1 0.077 0 

Within traits 22 1.1 1.4 0.22 1 0.022 0 

Pred. = Predicted; Obsrv = Observed. 
1Examination of differences between traits that differ significantly between sward 

types. 
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Table 7.8 Difference between the estimated annual agronomic performance of perennial ryegrass mixtures (based on monoculture weighted 

mean) and observed perennial ryegrass mixture agronomic performance in Study 1 (Late heading varieties only; narrow heading date range). 

Variety 
Pre height 

(cm) 

Post height 

(cm) 

Herbage acc. 

(kg DM/ha) 

RGH 

(cm) 

OMD 

(g/kg) 

CP 

(g/kg DM) 

NDF  

(g/kg DM) 

AChoice/Oak 0.0 -0.1 +258 -0.06 -3 -4 -6 

AChoice/Aston +0.5 +0.1 +923 -0.01 +1 -2 +3 

AChoice/Solas +0.1 +0.1 -160 +0.09 -1 +3 -3 

Oak/Aston +0.3 0.0 +290 -0.04 +4 +6 -1 

Oak/Solas +0.3 +0.1 +341 +0.04 +2 -5 -5 

Aston/Solas +0.6 +0.1 +971 0.00 -2 -1 +3 

AChoice/Oak/Aston +0.1 +0.1 +517 +0.07 -5 -5 +5 

AChoice/Oak/Solas +0.3 -0.1 +267 -0.12 -2 +5 +1 

AChoice/Aston/Solas +0.1 +0.2 -8 +0.12 -1 +5 +1 

Oak/Aston/Solas -0.2 0.0 +85 +0.04 -4 -3 +5 

AChoice/Oak/Aston/Solas +0.3 0.0 -56 -0.09 0 +1 +1 

S.E. 0.2 0.1 335 0.05 2 4 4 

Positive values indicate that observed performance was greater than that estimated. 

Values in bold differ significantly from the predicted mean (P < 0.05). 

Pre height = pre-grazing sward height; Post height = post-grazing sward height; Herbage acc. = annual herbage accumulation; RGH = Residual 

Grazed Height; OMD = organic matter digestibility; CP = Crude Protein; NDF = Neutral Detergent Fibre.  

Sowing treatment: AChoice = AberChoice; Oak = Oakpark; Aston = Astonenergy; Solas= Solas.   
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Table 7.9 Difference between the estimated annual agronomic performance of perennial ryegrass mixtures (based on monoculture weighted 

mean) and observed perennial ryegrass mixture agronomic performance in Study 2 (Late and Intermediate heading varieties, wide heading date 

range). 

Variety 
Pre height 

(cm) 

Post height 

(cm) 

Herbage acc. 

(kg DM/ha) 

RGH 

(cm) 

OMD 

(g/kg) 

CP  

(g/kg DM) 

NDF  

(g/kg DM) 

AChoice/Ros +0.3 +0.2 +117 +0.14 +2 -1 -2 

AChoice/Aston +0.2 +0.2 -85 +0.17 -6 -8 +7 

AChoice/AClyde +0.1 +0.1 +13 +0.03 0 -1 +6 

Ros/Aston +0.7 +0.2 +700 +0.08 -2 +2 +8 

Ros/AClyde +0.2 +0.2 +117 +0.18 0 +5 +5 

Aston/AClyde -0.2 0.0 -461 +0.06 +1 +6 -5 

AChoice/Ros/Aston +0.6 +0.2 +767 +0.10 -6 0 +11 

AChoice/Ros/AClyde -0.1 0.0 +73 -0.01 -3 +6 +6 

AChoice/Aston/AClyde -0.2 0.0 -447 +0.05 +2 +2 -3 

Ros/Aston/AClyde 0.0 +0.1 -183 +0.06 -1 +4 +2 

AChoice/Ros/Aston/AClyde 0.0 0.0 -804 -0.02 -4 +2 +1 

S.E. 0.2 0.1 379 0.06 2 4 4 

Positive values indicate that observed performance was greater than that estimated. 

Values in bold differ significantly from the predicted mean (P < 0.05). 

Pre height = pre-grazing sward height; Post height = post-grazing sward height; Herbage acc. = herbage accumulation; RGH = Residual Grazed 

Height; OMD = organic matter digestibility; CP = Crude Protein; NDF = Neutral Detergent Fibre.  

Sowing treatment: AChoice = AberChoice; Ros = Rosetta; Aston = Astonenergy; AClyde= AberClyde.
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7.5 Discussion 

There is little to no grazing evaluation of perennial ryegrass mixtures available in the 

grassland literature. This omission shows a lack of understanding into the factors 

affecting the animal sward interface where grazing takes place. This work attempts to 

address some of this knowledge gap in mixture construction and its effect on animal 

grazing performance. Herbage DM accumulation of the tetraploid dominant 

Astonenergy/Solas (T:T) mixture suggests a synergistic effect of mixing varieties as 

the mixture significantly out-yielded both respective monocultures in study 1. The 

AberChoice/Astonenergy (D:T) binary mixture also suggests a degree of synergy as 

it was the highest yielding sward type in study 1, exceeding that of both component 

monocultures, although not significantly. This agrees with Jones and Roberts (1994) 

where a 13% average yield benefit was recorded over 3 years for perennial ryegrass 

mixtures over their component variety monoculture performances, using a 

conservation (silage) management protocol. Ingram (1997) further reported a yield 

advantage of up to 5% for mixtures. Trenbath (1974) reported that under-yielding of 

mixtures is unlikely to occur, which agrees with the results from study 1 as no 

mixture yielded less than its predicted mean. Apart from a few individual examples, 

the overall pattern was for mixture herbage DM accumulation to be within the range 

of component monocultures in study 1. Both tetraploid monocultures were the lowest 

yielding of all treatments in study 1 and mixtures containing either of these varieties 

tended to be lower yielding. Chapter 4 reported lower DM yields of tetraploid 

varieties in animal grazing evaluation of perennial ryegrass varieties. Lower post-

grazing sward heights of tetraploid varieties (relative to diploid varieties grazed 

concurrently) led to a negative effect on subsequent pasture regrowth, resulting in 
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lower herbage DM accumulation. 

There was less evidence of any synergistic effect from mixing varieties for 

herbage yield in study 2. Only the Rosetta/Astonenergy (D:T) mixture out-yielded its 

two component variety monocultures, but not significantly so. This observation is 

more closely aligned with that of Culleton et al. (1986) and Griffith (2014) who also 

reported little synergistic benefit of mixing perennial ryegrass varieties. AberChoice 

(D) was the most productive variety in study 2 and mixtures containing greater 

proportions of AberChoice (D) tended to have a higher ranking for herbage DM 

accumulation. AberClyde (T) was far more productive than either of Astonenergy 

(T) and Rosetta (D). The sowing of these lower yielding varieties within mixtures 

appeared to dilute the high yielding potential of the genetically superior varieties. 

Griffith (2014) reported a similar dilution response, as increasing proportions of the 

outclassed variety (Twystar) led to reductions in herbage yield of mixtures. This 

relationship was also observed in study 1 and was particularly evident in the 4-

variety mixture in study 2, which had the lowest rank for herbage DM accumulation 

of all sward types. These findings agree with Donald (1963) who reported that there 

was no substantial evidence showing that mixtures of two varieties were more 

productive than the two varieties grown in monoculture. Similarly, McBratney 

(1978) reported that mixture yield did not significantly exceed that of the highest 

yielding component variety even though the varieties all differed greatly in maturity 

types (i.e. early, intermediate and late heading). 

Rhodes (1970) found that under infrequent defoliation certain varieties of 

perennial ryegrass, with different growth habits, yielded more than the highest 

component variety. Hence they concluded that certain combinations of genotypes can 

utilise environmental resources more efficiently than monocultures. This is 
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consistent with the conclusion of Nyfeler et al. (2009) who found that where 

increasing diversity exists within swards, the ability to capture and utilise the 

available resources should increase and therefore lead to greater productively gains 

overall. Larger differences in sward morphology were expected within study 2 due to 

the wide heading date range between varieties, however these differences failed to 

increase herbage DM accumulation of those mixtures. It is also possible that such 

diversity between perennial ryegrass varieties would still be below that required to 

increase resource capture. A greater difference in herbage DM accumulation between 

years was recorded for study 2 compared to study 1 suggesting that a narrower 

heading date range might provide greater herbage DM accumulation stability over 

years. The greater disparity in mean post-grazing sward height of study 2 in 2018 and 

2019 may have been a contributing factor, therefore such observations warrant 

further study. 

Previous studies have reported that digestibility of mixtures will be within the 

range of the highest and lowest component monocultures (Jones and Roberts, 1994, 

Griffith, 2014) and the results from study 1 and 2 concur. Tetraploids are known to 

have higher levels of nutritive quality than diploids (Wims et al., 2017) and as 

expected tetraploid dominant swards had higher levels of OMD than equal ploidy 

and diploid dominant swards. Within both studies Astonenergy (T) monocultures had 

the highest OMD levels and mixtures containing Astonenergy (T; or any of the 

tetraploid varieties) ranked higher for digestibility compared to the other mixtures. 

The PPI contains a quality sub-index for all varieties and so the current study 

indicates that selecting varieties for reseeds that are high in this sub-index should 

produce sward mixtures with higher grazing qualities. Griffith (2014) reported that 

the nutritive quality of mixtures was closer to that of the most digestible variety, this 
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was not consistently observed in the current study as OMD levels above and below 

that of the component variety mean were recorded. While significant differences 

were reported for many traits within both studies, many of these differences are of 

little agronomic significance due to the minimal effect they would have on animal 

production. This was particularly true for the nutritive quality traits examined within 

these studies where standard errors of < 0.5% were sufficient to determine statistical 

significance. Diploid dominant mixtures did have higher levels of fibre (NDF) than 

equal ploidy and tetraploid dominant mixtures, however NDF content rarely 

exceeded that of the highest component variety. In some cases both observed OMD 

and NDF content was greater than that predicted from the component monoculture 

values, however if OMD rose significantly, the rise in NDF was typically of a lesser 

magnitude (and vice versa). Although (Griffith, 2014) found some evidence of 

synergies in nutritive quality traits, this does not imply that nutritive quality of 

mixtures will be greater than the mean of the component varieties and requires 

further study into the possible underlying drivers. 

Poor grazing efficiency of new pasture reseeds can be a source of major 

dissatisfaction for farmers given the high cost of sward renewal (Shalloo et al., 2010, 

Byrne et al., 2017a). While grazing efficiency currently goes untested in 

Recommended List evaluation schemes due to a lack of resources to quantify relative 

differences between large numbers of varieties (Wilkins and Humphreys, 2003), poor 

grazing efficiency can be easily identified on farms where animals display a 

reluctance to graze deeper into the lower horizons of the sward (Kennedy et al., 

2007b). Previous studies investigating grazing efficiency differences between 

varieties have focused on monoculture performance either within plot or on-farm 

systems studies. This study is one of the first to investigate mixture performance at 
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grazing. The tetraploid dominant mixtures in the current study had greater grazing 

efficiency than the other mixtures, which agrees with the findings of Wims et al. 

(2013a) and Byrne et al. (2018). In agreement with Chapter 4 in this thesis, 

Astonenergy (T) had the lowest RGH values within study 1 and 2 and therefore 

displayed the highest grazing efficiency. Mixture plots with increasing proportions of 

tetraploid varieties had greater grazing efficiency highlighting the value of including 

tetraploids within seed mixtures, particularly for specialised grazing paddocks. A 

similar relationship was observed for proportion consumed within tetraploid 

dominant swards displaying a greater proportion consumed than equal ploidy and 

diploid dominant swards. The range in RGH values between mixtures was less in 

study 2 than study 1 which may point to increased grazing efficiency stability 

between wider heading date mixtures. This effect was most likely a variety specific 

result as three of the four varieties examined in study 2 had negative RGH values in 

monoculture and the range between the highest and lowest monocultures for RGH 

was less.  

The diploid monocultures examined within these studies displayed poorer 

grazing efficiency with higher (positive) RGH values and lower proportion 

consumed compared to equal ploidy and tetraploid dominant mixtures. The results 

highlight the potential increased difficulty in managing diploid grazing swards and 

an advantage of including tetraploids in mixtures. Paddocks containing mixtures of 

varieties behave more benign and a one management-fits-all approach will still lead 

to high ruminant performance. A desire to reduce the complexity of grazing 

management may be a factor influencing a farmer’s decision to sow mixtures. Seed 

companies may also prefer varieties to be sown as part of mixtures to hide certain 

trait deficiencies that a variety may possess. However, there is now a growing 
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awareness of trait deficiencies through the PPI, which is placing some pressure on 

varieties with low performance values for certain traits. 

Care must be taken when interpreting the results of this study as changes in 

varietal proportions after sowing would introduce errors in comparing mixture 

performance with the expected mean of its components in monoculture. For example 

if the highest performing component monoculture increased in proportion then the 

mixture could outperform the ‘expected’ value and mimic a synergistic response. 

Identification of perennial ryegrass variety proportions was not conducted in this 

study, however others have found evidence of composition changes using genotype 

frequency monitoring. Gilliland et al. (2011) found that tetraploid varieties increase 

in proportion within swards. Griffith et al. (2016) also found a similar result where 

the sole tetraploid variety in the study increased in proportion when included in 

mixtures with diploid varieties. Both of these previous studies were conducted under 

mechanical defoliation and not grazing as in our study. Given that tetraploid varieties 

are known to be preferentially grazed (Balocchi and López, 2009), this may 

contribute to a decline in the proportion of tetraploids. Gilliland et al. (2011) also 

reported that the magnitude of the rise in tetraploid proportion was reduced as the 

sown proportion of tetraploid variety(ies) increased, indicating that an optimum 

threshold between diploid and tetraploid varieties may exist within the sward. This 

threshold is likely influenced by sowing rate but was reported to increase to 65% 

tetraploid when sown as an equal diploid:tetraploid binary mix. Griffith et al. (2016) 

reported that where tetraploid varieties were sown in reduced proportions, they 

displayed a competitive ability to increase within the sward, but found that when 

sown in equal proportions, the diploids:tetraploid ratio held at a competitive 

equilibrium of approximately 50%. Preferential grazing may have influenced 
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tetraploid:diploid proportions in the sward in this study. This again is an area worthy 

of further study. 

 

7.6 Conclusion 

A number of synergistic responses based on the expected performance of the 

mixtures were observed but these rarely exceeded that of the highest yielding 

monoculture. The negative effect of combining superior varieties with inferior, 

outclassed varieties within swards was demonstrated as this tended to dilute the 

performance of the superior variety(ies). Relative comparisons between mixtures and 

their component varieties for grazing efficiency showed that the monoculture 

performance of a variety can be used as an accurate indicator of mixture grazing 

efficiency. When compiling perennial ryegrass seed mixtures it is justifiable to 

identify the most important agronomic trait(s) for the intended sward use (e.g. high 

grazing efficiency) and select a combination of varieties excelling in those traits. It is 

equally important that none of these varieties are overly weak in any other traits (e.g. 

digestibility, total yield, etc.) as this will undermine the overall performance of 

livestock utilising the mixture. Varieties displaying inferior grazing performance 

should not be included within seed mixtures destined for use as grazing swards. 

Official evaluation and identification of superior varieties for grazing systems, based 

on monoculture testing, remains important for the grassland farmer as this study has 

shown that these performance results can be extended to predict mixture performance 

with accuracy. Such evaluation systems will need to adapt evaluation protocols to the 

future requirements of grassland systems. 
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Chapter 8: Discussion and Conclusions  
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8.1 Discussion 

The grazing efficiency evaluation protocol developed in this thesis aimed to enhance 

the Irish Recommended List by including an additional grazing evaluation. This 

overarching objective with examined perennial ryegrass varieties differing in their 

level of grazing efficiency. Similar to Byrne et al. (2018) and Wims et al. (2013b), 

tetraploid varieties displayed improved grazing efficiency compared to diploids but 

high levels of variance within ploidy groups were also observed for the trait. 

Differences in structural and chemical composition traits between varieties and 

ploidy contributed to these grazing efficiency differences. This was associated with 

the greater levels of OMD, CP, leaf proportion, ETH and FLL displayed by 

tetraploids and also due to them having lower levels ADF, NDF, pseudo-stem, ESH 

and tiller density than diploids. These trait differences between ploidy groups were 

consistent with previous studies such as Beecher et al. (2015) and Chen et al. (2019). 

Selection for increased digestibility is already recognised as a key trait by plant 

breeders (Gilliland et al., 2018) and the results from this thesis further reinforce this 

as an important breeding goal for the future. It can be measured with relative ease 

and at a low cost using NIRS and the results from this thesis and other studies show 

large variation between varieties, indicating large improvements may be possible in a 

short period of time (McDonagh et al., 2016). 

Little evidence of grazing value associated trait differences was found between 

heading groups and in many cases were insignificant. Such results disagree with 

previous research by O'Donovan and Delaby (2005), where variety heading date 

significantly affected DM intake and milk yield. This contradiction may be more due 

to management differences than to a fundamental difference in variety character. 

This is because it is highly possible that the strict grazing management protocols with 
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short grazing rotations (~21 days) imposed in the current studies, may have 

prevented heading groups from expressing their true sward characteristics. This also 

indicates that high levels of grassland management may be used to reduce the 

expression of variety traits with negative correlations to grazing efficiency, as 

reported by Ganche et al. (2015). Similar observations were found in this thesis as 

the precise grazing management protocols appeared to prevent certain varieties from 

displaying their full weaknesses in certain traits. Evidence for this was in the low 

levels of variation in stem and dead proportion recorded between varieties which 

may have contributed to the lack of a correlation between stem/dead proportion and 

grazing efficiency as observed by Byrne et al. (2018). Such negative effects of 

increased stem proportion on grazing have been observed in other previous studies 

(O’Donovan and Delaby, 2005, Buxton and Redfearn, 1997). Carton et al. (1989) 

found a positive correlation between increased post-grazing sward height and dead 

proportion. 

Sowing varieties with increased grazing efficiency should make it easier for 

farmers to achieve high grazing management control of their swards, as reaching 

target post-grazing sward heights becomes more assured. This is important as the 

increase in Irish herd size in recent years, since quota abolition, is increasing the 

requirement for additional labour on-farm (Deming et al., 2018), leading to increased 

delegation of labour and a desire to implement simple management systems 

(Eastwood et al., 2015, Horan and Roche, 2020). Farmer confidence in the ability of 

swards to be graze-out fully will allow them to develop weekly grazing plans, easing 

grassland management. This will be particularly true on larger farms employing 

additional labour, where the grassland manager does not routinely assess sward 

residuals directly post-grazing (i.e. grassland manager does not collect cows for 
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milking and therefore cannot make decision to return cows to ‘finish’ grazing the 

paddock if required). It must be recognised, however, that simply using more grazing 

efficient varieties will not be sufficient to offset the negative effects of poor 

grassland management, as evidenced by the correlation between pre-grazing sward 

traits and RGH. Grazing swards at the correct pre-grazing herbage yield and 

allocating grazing area correctly to reach the target post-grazing sward height is a 

critical factor in optimising milk production from pasture (Macdonald et al., 2010), 

and the use of high grazing efficiency varieties will ensure that where such 

management is employed maximum utilisation of herbage will occur. 

Evaluation of herbage yield was a limitation of the grazing efficiency evaluation 

protocol. Whilst un-grazed DM was accounted for in herbage accumulation 

calculations, additional effects of differing post-grazing sward heights on subsequent 

herbage regrowth were observed. The management decision to graze all plots to a 

mean post-grazing sward height of 4 cm resulted in a 0.5 cm range above and below 

this level. At the extremes of this range the differences between varieties for herbage 

accumulation was significantly greater than the published performance of those 

varieties would indicate. It is likely that varieties grazed to low post-grazing sward 

heights contained no residual leaf material post-grazing and so used internal 

carbohydrate reserves (WSCs) to produce a first leaf (Donaghy and Fulkerson, 1998, 

Grant et al., 1981). Water soluble carbohydrate reserves are further depleted by 

grazing below 4 cm where the majority of these reserves are held (Lee et al., 2008), 

therefore over successive grazing rotations regrowth capacity is further reduced. 

Laxly grazed varieties with residual leaf material would not have required such 

processes and would have begun photosynthesising directly post-grazing. This ‘head-

start’ in photosynthesis is the likely driver of the observed increase in DM production 
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of the less efficiently grazed varieties, compared to efficient varieties in the current 

study. Despite this negative association found between grazing efficiency and 

herbage yield, it must be acknowledged that these are relative differences between 

varieties grazed concurrently and that the trial decision rules contributed to over-

grazing. Where such high grazing efficiency varieties are sown on-farm and are 

grazed to low, but not severe post-grazing sward heights (4 cm), minimal yield 

differences between varieties have been recorded (Byrne et al., 2017a, Ganche et al., 

2013). Thus, the apparent yield deficit reported within this thesis is unlikely to be an 

issue in commercial farming practice. 

The incorporation of the grazing efficiency trait into Recommended List trials 

should incentivise breeders to make improvements as they actively target the traits 

assessed by the evaluation trials (Stewart and Hayes, 2011). While using separate 

animal grazing and mechanical harvesting evaluation protocols is recognised as the 

most accurate evaluation method for perennial ryegrass varieties (particularly for 

herbage yield), such practices require substantially more resources and skillset 

(Wilkins, 1991). Therefore, it would be beneficial to investigate if methods of 

evaluating grazing efficiency and herbage yield concurrently could be devised. There 

is good evidence that suggest that this should be possible. For example, grazing 

assessments conducted as an extension of Byrne et al. (2017a), show that ranking of 

varieties for post-grazing sward height is similar between both the plot and on-farm 

assessment (Teagasc, unpublished data). This indicates that grazing efficiency is 

repeatable across farms/locations.  

In the future, it could still be expected that expanding the grazing assessment of 

varieties across a multiple number of locations, as performed for the recommended 

list yield assessments, would increase the accuracy of grazing efficiency assessment 
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of new candidate varieties. It must be recognised, however, that this would require 

considerable additional farm resources to record pre and post-grazing sward heights 

and provide animals to graze. Furthermore, the results from the grazing evaluation 

described in this thesis and from subsequent evaluations using this protocol 

(Teagasc, unpublished data) indicate minimal re-ranking of varieties for grazing 

efficiency across years. Weather effects on herbage yield have been cited as the 

primary reason for re-ranking of varieties for herbage yield between locations and 

years (Conaghan et al., 2008). The effect of weather on grazing efficiency is likely to 

be of a lesser magnitude than DM yield, as weather affects the rate of growth of 

plants to a greater extent than the expression of plant traits (Mitchell, 1956). 

Therefore, the preliminary Teagasc grazing efficiency results indicate that a single 

sowing and assessment over two years could accurately evaluate perennial ryegrass 

grazing efficiency. If required, the workload in assessing grazing efficiency could be 

further reduced by only assessing the superior yielding candidates identified within 

the DAFM cutting trials from their first year trial data. This would justify testing a 

reduced number of candidates in a first phase of grazing efficiency trials. If any of 

the varieties that were not included in this first phase, subsequently, proved to have 

superior yields following additional DAFM plot testing, they could be taken through 

to a second phase of grazing efficiency trials in a later year. This approach would 

minimise the costs and workloads in assessing grazing efficiency in routine 

recommended list schemes. 

A new utilisation sub-index was developed with the aim to help farmers identify 

varieties with better complementarity to intensive grazing systems. Farmers choosing 

to sow varieties with high utilisation will be expected to increase the potential 

profitability of their farm systems, as already confirmed for the other elements in the 
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PPI (O'Donovan et al., 2018). Management strategies such as restricting access time 

to pasture in periods of adverse weather/ground conditions (on/off grazing) have 

been developed to increase grazed grass intake during these periods and maximise 

profitability (Kennedy et al., 2009). Use of varieties which have higher grass 

utilisation may further enhance this grazing strategy, promoting increased herbage 

intake within the restricted access time. The increased grass utilisation supported by 

the varieties identified in this study should greatly help to reduce costs and to 

increase productivity (McCarthy et al., 2016). Furthermore, many of these plant traits 

associated with improved grazing efficiency are also correlated with higher VFI 

(Byrne et al., 2018), potentially increasing individual animal DM intake at pasture 

(Taweel, 2007, Jung and Allen, 1995). Therefore, studies to determine whether these 

factors are additive and to what extent, justifies further investigation. Regardless of 

the outcome, it is already apparent that the incorporation of the utilisation sub-index 

into the PPI has the capacity to increase product output, increasing the profitability of 

grass-based ruminant production enterprises. 

Poor sward grazing efficiency can be a clear source of dissatisfaction for farmers 

and is easily recognisable where animals display a reluctance to graze into the lower 

sward horizons (Kennedy et al., 2009). Such swards are typically grazed to high 

post-grazing sward heights which if left uncorrected will increase in stem proportion, 

reducing sward digestibility in the next grazing rotation(s) (Tuñon et al., 2014). 

Under such situations farmers must decide whether to return the animals to graze the 

remaining DM, or to mechanically cut (‘top’) the remaining DM. Both methods will 

prevent the development of stem but this increases costs of production and 

potentially reduces productivity. Returning cows to the paddock may require moving 

them to new pasture outside of regular milking times, thereby increasing labour 
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requirement. Mowing un-grazed herbage represents a labour and machinery cost 

incurrence. Additionally, mown grass is unutilised feed and is a loss to the system, 

leading to further cost increases (O’Donovan, 2016). Sowing varieties excelling in 

the utilisation index should ensure that where grassland allocation is correct, target 

post-grazing sward heights are achieved. While labour and machinery costs savings 

are not directly captured in the updated index, varieties with improved grass 

utilisation are identified and rewarded with improved overall PPI values.  

Agriculture is estimated to contribute to approximately 34% of Ireland’s 

greenhouse gas (GHG) emissions (Duffy et al., 2020). Reducing nitrogen loss and 

GHG production are some of the efforts being employed to improve the 

environmental efficiency of animal agriculture (O’Brien et al., 2014a). Perennial 

ryegrass selection indices may have a valuable role to play in reducing emissions 

(Chapman et al., 2015). Methane emissions have been shown to differ between 

groups of sheep grazing different perennial ryegrass varieties (Jonker et al., 2018). 

Such differences may provide the basis for an environmental sub-index in future 

years and is now an area of further investigation, however determining differences 

between varieties is the first step. The quality sub-index may be used to indirectly 

select varieties that contribute to improved protein:energy balances in the rumen 

(Nocek and Russell, 1988). This could potentially reduce the excretion of excess 

nitrogen from ruminants (Wilkins and Humphreys, 2003). Increasing the proportion 

of grazed grass in the diets of dairy cows has been shown to increase soil carbon 

sequestration, due to higher recycling of carbon by grazing animals (Knudsen et al., 

2019). This increase in carbon sequestration contributes to improvements in 

biodiversity (Klumpp and Soussana, 2009, Tilman et al., 2006). Increased focus on 
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environmental traits in future developments to the PPI could place additional 

economic value on traits that provide proven benefits to the environment. 

Forage variety evaluation indices are a relatively new development in pasture 

based systems which has occurred in countries where ruminant production systems 

place a large emphasis on grass utilisation (Roche et al., 2017). Arguably, the Irish 

PPI is the most developed of these indices being first developed in 2011 (McEvoy et 

al., 2011). The Irish Recommended List evaluation body has been in operation since 

1973 (Grogan and Gilliland, 2011), and has been proactive in adapting evaluation 

protocols to simulate Irish farming practices as close as possible by measuring a wide 

range of agronomic traits (O'Donovan et al., 2016). These factors have contributed to 

the comprehensiveness of the PPI. The NZ FVI is consistently developing, recently 

incorporating a nutritive quality sub-index (at functional group level initially), with 

variety specific values coming in the future (Dairy NZ, 2020b). Future iterations of 

the FVI may be incentivised to develop a feeding value trait. The protocol and 

application of grazing efficiency data described in this thesis may provide some 

inspiration for such developments (Chapman et al., 2015). The inclusion of 

environmental traits into the FVI have also been identified as areas of investigation 

(Dairy NZ, 2020b).  

To date there has been relatively little evaluation of perennial ryegrass variety 

mixtures, particularly under grazing and for traits of importance to grazing use. The 

work in this thesis has added new information to this knowledge gap. A key finding 

was that mixture performance for any given agronomic trait can be predicted as the 

mean of the component varieties. While this confirmed the findings of previous 

mixture evaluation studies (Gilliland et al., 2011, Griffith et al., 2016), these were all 

conducted under a cutting regime that only simulated grazing. Additionally, it was 
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found that grazing efficiency obeys this basic rule, indicating that the current 

evaluation of perennial ryegrass varieties within monoculture plots is sufficient to 

predict the performance of mixtures containing those varieties. Surprisingly, range of 

heading date failed to have a significant effect on sward performance. This was 

different to previously published work, as O’Donovan and Delaby (2005) found late 

heading swards had higher digestibility, leaf proportion and ingestibility than 

intermediate heading varieties. As cited throughout the thesis, the high precision 

control of the grazing management of plots during the current study may have 

prevented the full expression of heading related characters. These results question the 

emphasis placed on variety heading date and heading date range by the Irish seed 

industry when designing seed mixtures. It suggests that increased focus should be 

placed on individual variety performance within the traits of value and rather less on 

assuming that varieties of a given heading date will have a particular performance 

characteristic. If this is the case, then creating high performing mixtures for grazing 

should be more about balancing individual variety attributes than balancing the 

spread of heading dates within the mixture. 

The absence of any apparent synergy or complementarity between varieties, 

places a question over the assumed value of mixing perennial ryegrass varieties. 

Industry preference is to sow mixtures and this practice is likely to continue for a 

range of reasons. Paddocks containing mixtures of varieties are believed to behave 

more benign than monocultures. So, a desire to reduce the complexity of grazing 

management may be a factor influencing a farmer’s decision to sow mixtures as they 

pursue simpler management systems (Horan and Roche, 2020). Seed companies may 

also prefer varieties to be sown as part of mixtures to certain trait deficiencies that a 

variety may possess. Despite the seed markets still being dominated by seeds 
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mixtures, the use of variety monocultures is increasing in Ireland, partly driven by 

the results from the on-farm assessment of varieties, which has demonstrated that 

certain monoculture swards excel in ruminant grazing systems (Byrne et al., 2017a). 

Where single varieties display strong performance in the traits of value for specific 

production systems (e.g. grazing), as indicated by the PPI, it can be concluded that a 

continuance or even increase in this movement towards greater monoculture use on 

farms will continue. 

Nyfeler et al. (2009) reported that the ability to capture and utilise available 

resources is increased where increasing sward species diversity exists. The lack of a 

synergy benefit observed between perennial ryegrass mixtures is likely due to the 

similar growth habit of perennial ryegrass varieties. Milk production increases have 

been cited from grass-clover swards caused by increased herbage production, sward 

nutritive value and utilisation (Dineen et al., 2018, McClearn et al., 2019a). 

Differences in the colonisation of soil by plant roots/stolons and in the differing 

seasonal growth pattern of both species contributes to increased resource capture and 

the observed synergy between these species (Ulyatt et al., 1988, Enriquez-Hidalgo et 

al., 2018). The nitrogen fixing ability of white clover further contributes to sward 

productivity and cost of production (Guy et al., 2018a). Interest in alternative 

multispecies swards is increasing in an attempt to convert increased resource capture 

into increased farm performance (Cranston et al., 2015). Grace et al. (2018a) 

reported increased herbage yields and reduced lamb birth to slaughter time on 

complex multispecies swards that included perennial ryegrass, clover, plantain and 

chicory (Grace et al., 2018b). Additional environmental benefits have been cited 

from the use of plantain which plays a role in reducing the N concentration in urine 

(Box et al., 2017, Minnée et al., 2020). Bryant et al. (2020) concluded that alternative 
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forages have the potential to reduce N leaching by 20% caused by increased diuresis 

but that soil type and climate may limit this benefit. These benefits require further 

investigation to determine whether increasing species diversity in swards increases 

sward productivity which transfers into higher animal output. Unacceptable 

performance in any of the traits of value in ruminant production systems would 

justifiably result in poor uptake of these alternative species (Stewart and Hayes, 

2011). If multispecies sward productivity performs as the mean of the component 

varieties, as was the case in the current study of varieties within a ‘monospecies’, 

then the species included within these swards must not be inferior in the traits of 

value to ruminant production. This is an important aspect of multispecies swards that 

needs to be investigated and resolved before any recommendations can be 

disseminated to grassland farmers. 

 

8.2 Practical implications 

The Irish climate is conducive to the production and utilisation of large amounts of 

high quality herbage with the top 20% of farmers estimated to be growing 16.3 t 

DM/ha per year (Hanrahan et al., 2017). Disappointingly there is a large disparity in 

the level of herbage production and utilisation between farms in Ireland as the 

average Irish dairy farm is estimated to produce 9.1 t DM/ha annually (McEvoy et 

al., 2011). Low proportions of perennial ryegrass within grass swards may be a 

contributing factor to the low performance levels on these farms (Creighton et al., 

2012). Compared to other grass species, particularly those that invade Irish pasture 

over time, perennial ryegrass is highly productive, digestible and efficient at utilising 

nitrogen fertilisation. Low levels of pasture reseeding occur in Ireland despite the 
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proven benefits of such practices (Grogan and Gilliland, 2011). High and increasing 

costs associated with reseeding increase the onus on reseeded swards to deliver a 

high investment return (Shalloo et al., 2011). These factors highlight the practical 

importance of the current research to Irish grassland farming. The accurate 

identification of varieties appropriate for specific production systems, is going to be a 

determining factor influencing the rate and size of return achieved on farms.  

8.2.1 Farmer 

Poorly performing pasture reseeds in terms of DM production, animal performance 

and persistency can be a source of dissatisfaction for farmers, which may be 

contributing to the low levels of reseeding in Ireland (Creighton et al., 2011). Poor 

grazing efficiency contributes to this dissatisfaction although little evaluation of 

variety grazing efficiency has previously occurred. Increased use of high grazing 

efficiency varieties (combined with appropriate management) can be expected to 

increase pasture utilisation, farm profitability and overall farmer satisfaction with 

reseeding.  

The incorporation of a grazing efficiency trait into the PPI will give farmers an 

increased indication of the appropriate varieties for their farm system. Given the 

predominance of grazing on Irish farms (O'Brien et al., 2018) it is likely that high 

grazing efficiency varieties will be chosen by farmers. Tetraploid varieties displayed 

increased grazing efficiency and so this may lead to increased proportions of 

tetraploids being selected by farmers. As the current study showed, when a variety 

expresses superior performance for a trait of interest (e.g. nutritive quality), then 

combining that variety with another whose performance is inferior for that trait will 

dilute the performance potential of the resulting mixed sward (Griffith et al., 2016). 
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This is a key implication for farmers who are selecting perennial ryegrass seed 

mixtures. Cognisance of the end use of such mixtures must be taken into account 

when reseeding with aligned traits identified and prioritised for selection. The use of 

mixtures will continue to meet demand of farmers who desire a standardised level of 

grassland management across the whole farm. Other farmers who demand more 

sward specific performance (e.g. high grazing efficiency within walking distance of 

the milking parlour, increased requirement for silage production as the distance from 

the milking parlour increases) will clearly benefit from an improved PPI that guides 

them to choose varieties excelling in trait(s) aligned to those production systems. 

There is growing demand from farmers to sow monocultures of varieties within 

paddocks, partly driven from the results of the Teagasc on-farm variety evaluation. 

Such practices have now been enhanced by the results of this thesis and through the 

enhancement that it has delivered to the PPI. 

8.2.2 Seed Merchant 

If farmers begin to increasingly demand varieties with increased grazing efficiency 

then seed merchants with rights to varieties that can meet this demand will be more 

successful. Poor grazing efficiency varieties will have a declining use on farm for 

grazing but may excel in other systems such as silage production and so should be 

marketed towards those specific systems (O'Donovan et al., 2018). Updates to the 

PPI through the reviewing of economic assumptions and inclusion of new traits will 

increase its robustness, allowing seed merchants to provide more accurate advice to 

their customers. The PPI informs farmers’ selection decisions which may increase 

demand for a smaller number of varieties as evidenced by the higher seed sales of 

high PPI varieties (DAFM, 2020b). This would likely introduce additional challenges 

for the seed industry. Any change in demand will require seed merchants to review 
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and possibly change their seed multiplication practices and as seed crops involve a 3 

- 5 year commitment, their ability to respond to change could be slower than the 

market demands. It is often common practice to include new varieties that are in very 

high demand as a small proportion within mixtures. This allows a greater number of 

farmers to sow that variety but this may become less acceptable given the evidence 

from the current study for the lack of synergy in mixtures. Increased demand for 

monocultures could place considerable additional constraints on seed merchants due 

to reduced seed availability, particularly for new varieties entering the commercial 

seed market.  

8.2.3 Evaluator 

To meet demand from farmers, a routine variety evaluation protocol has been 

devised within the current study, to assess grazing efficiency between varieties. The 

evaluation requires pre and post-grazing sward height measurements and grazing by 

cattle and the protocol is repeatable and accurate in its measurement. Separate 

protocols for measuring grazing efficiency and herbage DM production due to the 

influence of post-grazing sward height on subsequent pasture regrowth. This means 

that there will be additional work for variety evaluators to assess grazing efficiency. 

This will require either a redistribution of existing resources, additional funding or 

collaboration with another body that has grazing expertise (as currently between 

DAFM and Teagasc). There will, however, be no additional resource demand for 

assessing the value of individual varieties for use in seeds mixtures as the mixture 

study in this thesis showed that monoculture evaluation is an accurate reflection of 

mixture performance. Estimation of mixture performance from a given composition 

of varieties only requires a simple mathematical calculation to accurately predict 

mixture performance for any given trait. Therefore there is no need for variety 
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evaluators to develop mixture evaluation protocols. This conclusion assumes that 

mixtures remain in their sown proportions once established, which is not normally 

the case. However, the principle of selecting the best component varieties to make 

the best mixtures remains true. 

8.2.4 Breeder 

Farmers’ reseeding choices may change in response to PPI updates, therefore 

perennial ryegrass breeders must be willing to respond to this in their selection 

criteria. Grazing efficiency will need to be considered a breeding objective, 

particularly for those who aim to develop varieties for the Irish market. The Irish, 

UK and some the more NW coastal regions of Europe, such as parts of Brittany, are 

quite different to main continental markets given their dependence on long outdoor 

grazing seasons (O'Brien et al., 2018). As direct animal grazing measurements would 

be a costly investment for breeders evaluating large numbers of varieties, using the 

proxy traits identified in this thesis with high correlations to grazing efficiency would 

be their best option to develop superior grazing varieties. Some of these proxy traits 

may already be used in breeder selection protocols such as digestibility which is 

correlated with improved animal performance and can be easily measured for each 

variety using NIRS. Morphological traits measured in this thesis could also be 

incorporated into spaced plant evaluation using criteria such as FLL to select for 

increased grazing efficiency. Identification of genetic markers associated with these 

proxy traits could decrease the time required to develop new varieties with improved 

grazing efficiency (Stewart and Hayes, 2011), but the necessary funding would need 

to be available to conduct a search for appropriately linked markers. Regardless of 

the process involved, there is likely to be an additional cost/workload in specifically 

selecting for any additional traits. However, any breeder that successfully produces a 
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pipeline of new varieties with high grazing performances is likely to capture a greater 

proportion of the available market. The identification of the proxy characters in the 

current study is expected to offer the most efficient and immediate means of 

developing varieties with the desired enhancement in grazing potential. 

 

8.3 Future Work 

A number of limitations and knowledge gaps were identified during this research 

study which merit further investigation. In addition to the research opportunities 

identified in the sections above, there are some other applications of the knowledge 

gained that require further consideration.  

Creighton et al. (2011) conducted a survey review of grassland farming 

practices, including pasture reseeding, in Ireland prior to quota abolition. A decade 

has passed since these surveys were conducted and in the intervening years large 

changes in ruminant production, particularly in the dairy industry, have occurred 

(e.g. dairy quota removal, increase in dairy cow number in the country). The 

development and introduction of the PPI is one such change. A new survey detailing 

changes in farmer attitudes and farming practices would be very valuable to the 

grassland industry. In alignment with this thesis, an updated review on reseeding 

practices would be beneficial. In particular, the survey should aim to determine:  

 whether reseeded swards are meeting farmer expectations,  

 an estimation of levels of reseeding on farms, 

 the proportion of swards sowed as monocultures or mixtures,  

 whether the PPI is consulted when choosing varieties or if seed merchant 

advice is valued when choosing grass varieties (or both), 
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 what traits/sub-indices are predominantly selected for when choosing 

varieties, 

 attitudes to clover inclusion within swards, 

 post-sowing management of swards. 

This survey would provide an indication of the level of acceptance and 

understanding of the PPI and whether the existing traits are valued by farmers. It 

would also set a baseline against which the impact of including the grazing efficiency 

sub-index could be measured in the future. The survey may also highlight 

deficiencies within the PPI in terms of evaluation of traits and overall farmer 

knowledge and awareness which could direct future research to further develop new 

traits.  

The results from this thesis found that grazing evaluation was limited as a 

measure of herbage yield due to the effect of differing post-grazing sward height on 

subsequent sward regrowth. Limitations associated with the grazing management 

imposed led to differing regrowth levels as varieties were grazed to different 

intensities. As any evaluation system that seeks to assess both yield and grazing 

efficiency will require separate trials, therefore requiring increased resources, finding 

a means to incorporate both assessments into one test system, is a justifiable research 

goal. Therefore, an investigation into the implications of altering the management 

rules such as increasing the mean post-grazing sward may reduce this effect on DM 

production while still providing accurate grazing data. Further investigation or 

application of the results to other studies may be useful in identifying the optimum 

post-grazing sward height on pasture performance. Investigations into the plant 

processes involved in sward regrowth and how they might be optimised would be 

important factors to examine in such a study. 
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Further developments of the PPI should continue to ensure that perennial grass 

varieties with the greatest potential to increase ruminant profitability are identified. 

Such developments include the addition of new traits and re-appraisal of others. The 

addition of environmental traits has been cited as a key development for future 

iterations of the FVI (Dairy NZ, 2020b) and it is likely that the addition of such traits 

will be pursued in the PPI as the desire to increase the sustainability of Irish 

agriculture increases (European Commission, 2020). The quality sub-index within 

the PPI is currently determined based on DMD of simulated grazing cuts during the 

months of April, May, June and July (DAFM, 2020a). Future research investigating 

the value of increasing the number of harvests analysed to give an annual nutritive 

quality value would be valuable. Such investigation could also investigate whether 

re-ranking occurs between varieties for seasonal DMD. Incorporating additional 

nutritive quality parameters such as NDF and CP into the quality sub-index should 

also be explored. The addition of such parameters would require minimal additional 

costs as such parameters can be assessed using the existing NIRS method (Burns et 

al., 2012b).  

Different approaches have been taken to evaluate grazing efficiency (Wims et 

al., 2013b, Cashman et al., 2016, Griffiths et al., 2020). These should be evaluated 

and cross-referenced against the studies in this thesis to discover if these different 

grazing efficiency evaluations are providing comparable results and possibly to 

extract additional explanations for grazing efficiency differences. A key factor in 

comparing these studies would centre on grazing management impact on the swards 

and any new studies would need to include evaluation of:  

 time to reach target post-grazing sward height,  

 post grazing sward height obtained after a certain time (e.g. 36 hours),  
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 variable stocking rates, to place the same total demand on varietal 

paddocks of differing pre-grazing herbage mass,  

 single paddocks of varieties to remove the effect of choice from animals 

grazing pasture. 

An investigation into varietal variation in canopy morphology at different sward 

horizons may be useful to explain the morphophysiological differences underpinning 

grazing efficiency. Using a combination of the traits identified in this thesis 

explained 70% of the variation in RGH. The remaining 30% of variation may be 

explained by morphological variation between varieties in the lower grazing horizons 

of the sward. Future studies might identify new proxy traits associated with improved 

grazing efficiency which could be used by breeders as selection criteria. Existing 

research studies examining animal grazing behaviour as grass swards become 

continually depleted found that grazing animals alter their grazing behaviour as 

sward morphology in lower horizons change (Gibb et al., 1997, Griffiths et al., 

2003). Examining how animal grazing behaviour differs between varieties of 

differing morphology using grazing sensors (Werner et al., 2018), may further 

explain grazing efficiency differences between varieties.  

Genetic analysis of high grazing efficiency varieties may identify genetic 

markers associated with high grazing efficiency (and/or associated proxies). DNA 

sequencing technologies can now define the genomes of whole populations at a 

reasonable cost (NPPC, 2020) relative to when the technology was first developed. 

Byrne et al. (2017b) demonstrated the use of Single Nucleotide Polymorphisms 

(SNP) to predict heading date of perennial ryegrass varieties and cited further 

applications of the technology to predict digestibility. Genotyping by sequencing 

(GBS) can also be used to identify genetic markers for a number of traits (Elshire et 
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al., 2011, Gilliland et al., 2020). Relating these genetic markers to the phenotypic 

differences observed between varieties remains relatively expensive because of the 

resources required to assess these differences (NPPC, 2020). Development of 

markers with the ability to predict differences between varieties for grazing 

efficiency or proxy traits, such as those identified in this thesis, have the capacity to 

identify and support the breeding of superior grazing varieties at relatively low costs. 

On this basis, marker technology could be a means to further substantive advances 

and so should be a high priority for investigation. 

PastureBase contains multiple years of information on pasture reseeds and 

farmers can input the varieties sown within each paddock. As variety records 

increase on farms using PastureBase it may be possible to develop a new ‘key 

performance indicator (KPI)’ relating to grass reseeding. Farmers are familiar with 

the use of KPIs to benchmark the performance of their farm against national averages 

or top performing farms (Newman and Savage, 2009, Thomas et al., 2020). An 

average PPI value for each paddock could be developed based on the varieties sown. 

These paddock PPI values could then be averaged across the farm to determine mean 

farm PPI. This figure could be used as a benchmarking tool. This could extend the 

current study by providing evidence of whether the recorded grazing efficiency 

estimations are reproduced across the large sample of commercial farms using 

PastureBase. As these are predominately leading grassland farmers with above 

average grazing management regimes, this would be a very informative exercise. If 

the linkage proved to be positive farmers will be motivated to reseed paddocks with 

superior grass varieties identified by the PPI.  

Under new legislation a minimum level of clover seed (1.5 kg/ha) must be 

included within grass seed mixtures sown on Irish dairy farms operating within 
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nitrate derogation regulations which is likely to increase demand for white clover 

varieties (Teagasc, 2020). This means that there will be a need to better advice 

farmers on the best clover varieties to accompany the high grazing efficient grass 

varieties of the new sub-index. Clover varieties are routinely evaluated within the 

Irish Recommended List, therefore data exists to develop a parallel clover variety 

selection index. The development of a white clover economic selection index could 

provide a more intuitive way for farmers to identify suitable clover varieties for their 

farms. Identification of new clover traits and the development of strategies aimed at 

improving the establishment of clover in full pasture reseeds and via over-seeding 

are also required. McDonagh et al. (2015a) and Lee et al. (2018) found minimal re-

ranking of perennial ryegrass varieties when assessed for DM production with and 

without the inclusion of clover, indicating that separate evaluations of grass and 

white clover variety combinations are not required. 

Identification of the relative proportions of each variety within the mixture 

studies in this thesis would have been beneficial in performing the comparisons with 

the calculated mixture performances from monocultures. The study had to depend on 

the assumption that the mixtures remained largely in their sown proportions. So, the 

ability to determine variety mixture composition in situ and its possible change over 

time is a missing tool that would greatly enhance future studies involving perennial 

ryegrass variety mixtures. Protein electrophoresis has been shown to accurately 

identify varieties from mixed stands but is a labour-intensive process. It is also not 

able to distinguish between every combination of varieties (Griffith, 2014), and 

particularly not if more than two or three varieties are present in the mixture. A more 

recent technological development is ‘GenoGrass’, which is a genotyping platform 

using GBS that has the ability to discriminate between individual perennial ryegrass 
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varieties (Curran et al., 2018). This methodology appears to be a good candidate for 

developing a tool to reveal the variety composition of sown mixtures. Given the 

potentially wide application to grass variety research, this is clearly a technology gap 

that requires investigation. 

 

8.4 Conclusion 

The studies conducted in this thesis found that perennial ryegrass varieties differ in 

their ability to be grazed by livestock. In ruminant production systems that place a 

large emphasis on grazed grass, this trait can have a large effect on animal 

performance and subsequent farm profitability. Incorporating this data into existing 

variety evaluation publications should assist farmers to make informed decisions on 

varietal selection and incentivise breeders to develop varieties with high grazing 

efficiency. 

The routine evaluation of perennial ryegrass variety grazing efficiency 

developed in this thesis identifies large differences between varieties in their 

suitability to intensive grazing regimes. Overall, tetraploids exhibited significantly 

better grazing efficiency than diploids, over three years. Increased proportions of 

tetraploid varieties should be included within perennial ryegrass seed mixtures 

destined for use in intensively grazed swards. Further development of this protocol to 

provide an accurate measure of herbage yield under grazing should be pursued. 

A number of plant traits, differing between perennial ryegrass varieties, were 

found to be responsible for variation in grazing efficiency. Farmers desiring high 

grazing performance from their swards are motivated to implement sward 

management techniques that promote these traits. These traits could also be used by 
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breeders as criteria to select for varieties with superior grazing efficiency, without 

implementing costly animal grazing evaluation protocols. Chemical composition 

traits such as OMD and NDF had significant correlations with grazing efficiency. 

Increasing selection based on morphology traits such as increased leaf proportion 

was correlated with increased grazing efficiency. The results provide the necessary 

evidence to justify incorporating correlated traits into breeding programmes to 

enhance the ability of breeders to achieve advances in this animal value trait. Such 

advances will deliver quantifiable increases in the production and sustainability of 

grazing enterprises. 

The economic value of increased utilisation of pasture was determined and has 

been incorporated into the PPI. Relative grazing efficiency differences between 

varieties were modified to determine varietal utilisation potential. The PPI informs 

the variety selection decisions of farmers and so has a large influence on the 

commercial success of varieties. Inclusion of this utilisation sub-index will allow 

farmers to select superior grazing varieties and motivates breeders to select for the 

trait. The inclusion of the trait resulted in a re-ranking of varieties within the PPI. 

Such re-ranking is expected to result in reduced proportions of varieties unsuitable to 

ruminant production systems being sown. In the same way, superior grazing varieties 

that have increased in rank should increase their market share. Increased sales of 

these high ranking perennial ryegrass varieties should contribute to increased farm 

performance and so enhance the sustainability of these farm businesses. 

Mixtures of perennial ryegrass varieties were found to possess no agronomic 

advantage over monocultures. The sale of mixtures dominates the commercial grass 

seed industry in many regions, including Ireland, the UK and parts of Europe. This is 

despite relatively limited scientific data promoting such practices. The use of 
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monocultures is increasing in Ireland as farmers become better informed and able to 

select varieties with greater performance for specific desirable traits. A dilution in the 

performance of superior varieties was demonstrated from combining strong varieties 

with weaker varieties, for any of the examined traits. It was possible to predict 

mixture performance for a given trait, calculated as the mean of the component 

varieties for that trait. Therefore, selecting a combination of varieties excelling in 

desirable traits for the intended sward use is recommended rather than selection of 

varieties with key strengths in different individual traits. 

Routine variety evaluations must evolve over time to new farming practices and 

regulations. This thesis outlines a methodology for the routine assessment of grazing 

efficiency and its inclusion within the PPI. The results provide direction to all forage 

seed stakeholders, from breeding of varieties to sowing of pasture. The ultimate 

implications of this work will be to increase pasture utilisation nationally, through 

the use of specialised varieties tailored to meet individual farm system requirements.  
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BSAS Presidents Prize: 
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Animal Science Annual Conference 2019. 

The Steve Bishop Early Career Award: 

This scholarship is aimed at those in the early part of their career as an animal 

scientist. The award allowed me to partake in specific research programme in New 

Zealand investigating the ability of the FVI to accurately predict the economic 

potential perennial ryegrass varieties.  
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