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Thesis abstract 
This thesis consists of a series of studies that are aimed to improve the efficiency of pasture based 

systems for high-yielding dairy cows. Investigating the effect of novel precision technologies and 

grazing management strategies to understand grazing behaviour, potential to measure dry matter 

intake and improve animal performance in pasture based dairying systems. Following a 

comprehensive review of the scientific literature this thesis aimed to address knowledge gaps 

through a number of objectives:  

1. Evaluate the effect of grazing management strategy (herbage allocation frequency and pre-

mowing) on herbage utilisation, herbage quality and the performance of high-yielding dairy 

cows and the interaction effect with parity group (chapter 2 and 4). 

2. Evaluate the effect of grazing management strategy on the behaviour of high-yielding dairy 

cows and the interaction effect with parity group (chapter 3 and 4).  

3. Understand the effect of weather in temperate environments on the behaviour of high-

yielding dairy cows (chapter 5). 

4. Explore the potential associations between animal behaviour and individual animal grass 

dry matter intake (chapter 5). 

Chapter 2 investigated the effect of three different frequencies of fresh herbage allocation offering 

fresh herbage every 12 hours (h), 24h and 36h on herbage utilisation, the performance of high-

yielding dairy cows and the interaction with parity group. The experiment consisted of two 60 day 

periods involving 90 spring calving dairy cows (27 primiparous animals) in period one and 87 (24 

primiparous animals) in period two. Herbage allocation frequency (HAF) did not impact pre-grazing 

herbage quality however herbage utilisation efficiency increased by 8% (P=0.018) in the 36h 

treatment compared to the 12h HAF in period one (P1). In period two (P2), milk energy output was 

significantly greater (P<0.001) for primiparous animals in the 36h treatment relative to primiparous 

animals in the 12h and 24h treatments. In addition, milk energy output in P2 was similar for both 
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primiparous and multiparous animals in the 36h HAF. In contrast primiparous animals in the 12h 

and 24h HAF’s had a significantly (P<0.001) lower milk energy output compared to their multiparous 

counterparts.  

Chapter 3 further investigated the impact of HAF on the feeding behaviour of grazing dairy cows in 

P2. Eighty-seven spring calving dairy cows were divided into three treatments offering fresh herbage 

every 12, 24 or 36 hours, with 14 animals per treatment fitted with behaviour halters to monitor 

feeding and ruminating activity. Irrespective of HAF animals exhibited diurnal feeding patterns, 

concentrating the majority of grazing activity during the day and ruminating activity at night. 

However, HAF significantly affected feeding behaviour patterns. Peak grazing activity in the 12h and 

24h treatments coincided with fresh herbage allocation which contrasted with the 36h treatment 

where grazing was more evenly distributed over each 24 hour period with peak grazing activity 

witnessed daily between 17:00 and 19:00h regardless of fresh herbage allocation, suggesting a lack 

of anticipation of fresh feed delivery. In the 12h treatment primiparous animals exhibited 

significantly (P<0.001) longer grazing and ruminating times relative to multiparous animals in the 

12h treatment likely highlighting the impact of competition for resources within each feed on lower 

dominance animals.  

Chapter 4 assessed the effect of pre-mowing (mowing grass prior to in situ grazing) versus 

conventional grazing on high-yielding dairy cows and the pasture based system. This 100 day study 

consisted of four groups of 20 cows each assigned to one of two treatments pre-mowing herbage 

(PM) vs conventional grazing (CG). Pre-mowing did not impact herbage quality or animal 

performance. Although PM increased herbage utilisation efficiency by 2% (P=0.015), the extra costs 

associated with this management system outweighed the potential benefits from improved grass 

utilisation. Furthermore PM affected animal behaviour observed through significantly reduced daily 

ruminating time (-36 mins/cow/d; P<0.001) and significantly reduced average rumination bout 

length (-1.2 mins/cow/d; P=0.002) relative to animals in the CG treatment.  
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The objective of chapter 5 was to determine associations between behaviour parameters, individual 

animal DMI and weather conditions within pasture based systems. Over multiple periods (28 June - 

10 July 2018, 8 - 20 September 2018, 14 - 26 July 2019 and 11 - 23 August 2019) feeding behaviour 

collars (RumiWatch system, ITN+Hoch, Switzerland) and activity monitors (IceQube, IceRobotics, 

UK) were attached to lactating dairy cows. In addition, during these periods individual animal DMI 

was measured (via the n-alkane technique), daily weather and animal performance data was 

recorded.  The results indicated that specific animal behaviour parameters were strongly associated 

with individual animal DMI in particular between ruminating activity and individual animal DMI, 

including rumination time (P=0.027; pseudo r2=98,65), rumination chews (P=0.021; pseudo 

r2=98.84), number of boli regurgitated (P=0.015; pseudo r2=98.75) and chews per bolus (P=0.02; 

pseudo r2=98.81). Additionally, this study concluded that even within temperate climates, weather 

conditions significantly influence animal behaviour.   

In conclusion, the research presented in this thesis describes the potential of novel management 

strategies (HAF), to support the individual performance of high-yielding dairy cows in particular 

primiparous animals whilst maintaining high levels of herbage utilisation efficiency. Therefore, 

through the dissemination of the thesis findings commercial farms can implement 36 hour grazing 

to support the performance of primiparous animals that are often subordinate within a herd whilst 

simultaneously maintaining high levels of herbage utilisation efficiency. Contrastingly, whilst PM 

offers the potential to improve herbage utilisation the lack of improvement in animal performance 

consequently means this system would not be viable on commercial dairy farms due to the 

additional costs associated with PM. The findings in chapter 5 highlight the impact of weather on 

animal behaviour even within temperate regions. Further research should identify management 

strategies to assist farmers in dealing with the potential negative consequences of weather on 

animal behaviour. In addition, the significant associations exhibited between animal behaviour and 

individual animal DMI can be used to further improve DMI estimations. However, these initial 

findings highlighted the requirement for large scale studies (increased replication through animal 
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numbers, number of sites used and over multiple years) to account for variation in individual animal 

behaviour, sward quality, weather and site variations that may also influence animal behaviour.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

19 
 

 

 

 

 

 

Chapter 1 Review of Literature  
 

 

 

 

 

 

 

 

 

 



 

20 
 

1.1 Introduction 

1.1.1 Dairy production systems in Northern Ireland  
Dairy production systems differ throughout the world, varying in management style from variety of 

feed offered (grass, grass silage, concentrate etc) and housing system (confined/pasture based 

systems) to breeding strategy (breed, size, weight, production potential). Grazing remains a large 

component within dairy cow diets in many temperate regions, including Northern Ireland where a 

recent survey highlighted 70% of dairy farmers provide their dairy cows with access to pasture (AFBI, 

2020). However, within Northern Ireland the average volume of milk produced from forage (MFF) 

has decreased by over 1100 litres (l)/cow from 2420 l/cow in 2005 to 1286 l/cow in 2018 (Figure 

1.1). This indicates that the increase in average milk yield per cow per lactation (1200 l/cow; Figure 

1.1) observed over this time period is largely produced through an increased consumption of 

purchased concentrate feed.  

 

 

Figure 1.1 Average milk yield and milk from forage per cow in Northern Ireland from 2005 to 2018.  
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Whilst there are a number of benefits associated with confined systems that feed a total mixed 

ration (TMR) including higher milk yield per cow, higher total dry matter intake (DMI) and a more 

consistent feed offered to animals (Fontaneli et al., 2005, Bargo et al., 2002b, Kolver and Muller, 

1998), there are also a number of disadvantages associated with confined systems including an 

reduced welfare due to an increased prevalence of lameness and mastitis (Mee and Boyle, 2020, 

Laven and Holmes, 2008), lower product quality (Alothman et al., 2019, Davis et al., 2020, Dhiman 

et al., 1999) and greater overall environmental impact (expressed as both per unit of milk and on-

farm area) due to longer periods of manure storage and increase in concentrates consumed 

compared to pasture based systems (O’Brien et al., 2012). Although milk yield per cow tends to be 

lower within pasture based systems, these systems focus more on maximising milk yield per hectare 

rather than milk yield per cow (Coffey et al., 2018). One of the greatest advantages of pasture based 

systems relative to confined systems is the reduction in production costs. Dillon et al. (2005) 

reported a linear decrease in the total cost of production with the increased proportion of fresh 

forage in the diet. Thus, the ability to grow greater quantity of high quality fresh forage is often 

portrayed as a competitive advantage within many dairying regions. Northern Ireland’s temperate 

climate allows for this competitive advantage with the potential for Northern Irish dairy farms to 

produce over 15 tonnes (t) dry matter (DM)/hectare (ha)/year from perennial ryegrass (PRG; Lolium 

Perenne) pastures (AFBI, 2017) which is the predominant pasture species sown in the UK (DEFRA, 

2021). Although this research suggested dairy farms should seek grow a minimum of 12 t DM/ha/yr 

and utilise over 10 t DM/ha/yr, however  the average dairy farm in Northern Ireland is only utilising 

an estimated 7.5 t DM/ha/year which is only half of the potential production (AFBI, 2017).  

Within pasture based systems a major challenge remains in meeting the nutritional requirements 

of high-yielding dairy cows. Advances in dairy cow genetics and breeding over recent decades, with 

the specific genetic selection for milk production within dairy animals has resulted in an increase in 

annual milk production per cow in most European countries (Oltenacu and Broom, 2010). Indeed, 

in NI average milk yields have increased from 6052 to 7252 l/cow between 2005 and 2017 (Figure 
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1.1). In order to achieve this increased productivity, dairy cow nutritional requirements have also 

increased. Grass only diets often fail to meet the nutritional requirements of high-yielding dairy 

cows due to reduced dry matter intake (DMI) associated with pasture based systems relative to 

confined systems feeding a TMR (Bargo et al., 2002a), hence the decrease in MFF and increase in 

concentrate feeding recorded in NI dairy farms. However, high quality forage remains a valuable 

feed source, with pasture potentially supplying a crude protein (CP) content of 234 g/kgDM, a 

metabolisable energy (ME) content of 11.9 MJ/kg and with a DM content of 20% (Dale et al., 2018, 

Curran et al., 2010). The DMI of cows within a grazing system can be influenced by a number of 

factors including animal, plant, management and environmental factors. Whilst studies have 

identified management methods such as increasing herbage allowance to increase the DMI of dairy 

cows on pasture based systems (Kennedy et al., 2008a, McEvoy et al., 2009b), these methods often 

result in a negative effect on the overall efficiency of the pasture based system, because of an 

associated reduction in herbage utilisation and/or quality over time. Therefore, these strategies are 

not viable on commercial dairy farms.  

Grazing is the natural feeding behaviour of ruminant animals including dairy cows, thus pasture 

based systems have long been recognised as a natural environment for dairy cows (Werner, 2019). 

Indeed, pasture based systems are similarly associated with an improved public perception of 

dairying compared to dairy systems housing animals full-time (Jackson et al., 2020). Dairy cows can 

spend between 10 and 15 hours (h)/cow/d (day) on feeding activities including both grazing and 

ruminating behaviour (Bargo et al., 2002b, Vance et al., 2012). Indeed, literature has highlighted 

that a large proportion of a dairy cow’s daily energy expenditure is used on animal feeding behaviour 

processes, and this energy expenditure is often greater within pasture based systems. Dohme-Meier 

et al. (2014) observed a 19% increase in energy expenditure with dairy cows grazing relative to 

animals fed herbage indoors and these authors further observed animals grazing spent significantly 

(P<0.001) longer walking and eating compared to animals fed fresh herbage indoors. (Osuji, 1974) 

suggested energy requirements could be between 25 and 40% higher for dairy cows grazing 
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compared to animals fed TMR indoors. However, to date a paucity of information remains on the 

effect of different management strategies and environmental influences on animal feeding 

behaviour within grazing systems, and how these can influence animal performance.  

The aim of this review is to provide detailed consideration of the possible areas that could be 

addressed in order to improve the efficiency of pasture based systems with high-yielding dairy cows. 

These include: 

1. The effect of herbage allocation frequency on herbage utilisation and the performance of 

high- yielding dairy cows. 

2. The effect of herbage allocation frequency on the grazing and ruminating behaviour of high-

yielding dairy cows and the interaction effect with parity.  

3. The effect of pre-mowing on herbage utilisation, the performance and behaviour of high-

yielding dairy cows 

4. Exploring the potential of animal behaviour monitors to measure individual animal dry 

matter intake and aid in understanding the impact of weather in temperate environments 

on dairy cow behaviour 

1.2 Pasture based dairy systems 

1.2.1 Dairy grazing systems 
A number of dairy grazing systems are operated throughout temperate regions, ranging from 

rotational stocking, common in the UK, Ireland and France, to more extensive set-stocked systems 

where animals have continuous access to the entire grazing area. To date research has produced 

conflicting results on the impact of grazing system on animal performance, therefore the optimal 

grazing system has not yet been identified. Walton et al. (1981) reported an increase in daily weight 

gain in beef heifers on a rotational stocking system. Weight gain was almost double compared to 

beef heifers on a continuous grazing system, likely due to the higher intakes exhibited by animals 

rotationally grazing. In addition, the rotationally grazed sward had a higher digestibility, calcium, 

magnesium, copper and CP content likely further improving animal weight gain, therefore it is likely 
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the combined effect of greater DMI and intake of higher quality forage relative to animals 

continuously grazing (Walton et al., 1981). Contrastingly, a study reported daily gain in beef heifers 

was not impacted by rotationally stocking of the grazing area however gain per hectare was 40% 

greater (P<0.05) in a 6 paddock rotational stocking system compared to animals continuously 

grazing, as a consequence of the higher stocking rate per a hectare achieved within the rotational 

stocking treatment (Bertelsen et al., 1993). Additionally, Pulido and Leaver (2003) reported no 

impact of stocking system (rotational vs continuous) on the milk production of high-yielding dairy 

cows. 

However, the interest in rotational stocking systems within pasture based systems remains high due 

to the high DMI rates (>3 kgDM/h) achieved over short periods with swards of 12–16 cm sward 

height (McGilloway and Mayne, 1996). This combined with the increase in sward productivity which 

can be achieved through rotational stocking systems means this system is often considered to be 

superior (Undersander et al., 2002). In addition, monitoring grass growth rates within a rotational 

stocking system offers additional benefits including the ability to build a ‘grass wedge’ allowing for 

the earlier identification of grass shortages and surpluses and offers greater flexibility to adjust and 

manage grass supply, through the addition or removal of paddocks from the grazing rotation 

(DAERA, 2021a). Furthermore, the frequent removal of herbage maintains a high level digestibility 

within the grazing sward (Pulido and Leaver, 2003). Improvements in herbage productivity, greater 

control for grazing management and the potential to increase animal DMI with rotational grazing 

means this is often the most common system operated on commercial dairy farms in Northern 

Ireland. 

1.2.2 Pasture management and allocation in rotational stocking systems 
Altering management practices within pasture based systems can potentially impact animal DMI 

and subsequently milk production. Although studies have identified methods to increase animal 

DMI in pasture based systems, the impact on DMI cannot be considered in isolation. Research needs 
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to investigate and understand how management factors can effect DMI, whilst understanding the 

simultaneous impacts on herbage quality, herbage utilisation, animal behaviour and herd dynamics. 

Key to the allocation of herbage in rotational stocking systems is the measurement of the available 

herbage biomass cover in kilograms of dry matter per hectare (kg DM/ha). There are numerous 

methods by which to estimate herbage covers including visual estimates (although their accuracy is 

variable), quadrat sampling where sward samples are cut and dried to estimate DM% and calculate 

kgDM/ha, or a widely used approach is the use of a rising plate meter tool, which uses calibrated 

equations to convert compressed sward height measured under a rising plate at multiple points 

across a paddock into kg DM/ha of biomass, with consideration of both sward height and density 

accounted for by the resistance to sward compression with the plate (Connect, 2017). In countries 

such as the UK and New Zealand pasture is typically measured on total biomass (cover), however in 

Ireland herbage is typically allocated on available cover, equating to herbage biomass available over 

4 cm.  

1.2.2.1 Pre-grazing herbage mass 

Herbage height is linked to plant maturity and as the grass plant grows it will be associated with a 

higher herbage mass. However, increasing plant maturity is linked to reduced sward quality 

including a decrease in herbage digestibility due to an increase in both the cell wall to cell ratio and 

lignification (Moore et al., 2020). 

Literature to date on the effect of pre-grazing herbage mass on DMI and animal performance has 

been inconsistent. Two studies have witnessed no impact of pre-grazing herbage mass on DMI 

(Curran et al., 2010, McEvoy et al., 2009b), contrastingly, a further study reported a 1.5 kg/cow/d 

increase (P<0.05) in DMI when animals were offered a pre-grazing herbage mass of 1000 compared 

to 2200 kgDM/ha (available cover) however, this significance was not reported in period two (Wims 

et al., 2010). The difference in the results observed is likely due to the greater difference in herbage 

mass investigated 1200 kgDM/ha (Wims et al., 2010) compared to 800 kgDM/ha (Curran et al., 2010) 

and 500 kgDM/ha (McEvoy et al., 2009b).  



 

26 
 

With regards to animal performance, Curran et al. (2010) reported a significant (P<0.05) increase in 

milk yield and milk solid output per cow when herbage mass was reduced from 2400 to 1600 

kgDM/ha (available cover). Contrastingly, two further studies reported milk yield and milk solid 

production was not influenced (P>0.05) by pre-grazing herbaeg mass ranging from pre-grazing 

pasture masses of 1150 to 2200 kgDM/ha (available cover) (McEvoy et al., 2009b, Wims et al., 2010). 

The contrasting results obtained within these studies is likely a consequence of a higher pre-grazing 

herbage mass used within the first study, influencing multiple factors such as pasture quality, sward 

morphology and pasture consumed per bite. A more recent study similarly report a 13% increase in 

grass DMI, 13% increase in milk yield and 12% increase in ECM when herbage mass was decreased 

from 5000 kgDM/ha (total cover) to 2200 kgDM/ha (Alvarez-Hess et al., 2021).   

 

 

Figure 1.2 The impact of low and high herbage mass on crude protein content (g/kg) of the pre-

grazing sward.  
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Figure 1.3 The impact of low and high herbage mass on organic matter digestibility (g/kg) content 

of the pre-grazing sward.  

Lower herbage mass swards have a significantly higher CP content and organic matter digestibility 

(Figure 1.2 and 1.3). Suggesting, animals would consume a more nutrient rich diet due to the 

increased nutritional value of the lower herbage mass swards. In addition, McEvoy et al. (2009b) 

further reported a significantly (P<0.05) greater NDF content in higher pre-grazing herbage mass 

swards. As a plant matures and their herbage mass increases simultaneously the lignin concentrate 

in the cell walls increase. Therefore at greater maturity, plants contain higher levels of indigestible 

fibre in the form of NDF due to lignification, this reduces voluntary DMI (VDMI) and digestibility 

(Garry et al., 2021). Further highlighting the negative impact of higher herbage mass swards on the 

nutritional content of the grazing sward and ultimately DMI. The improved sward quality reported 

at lower herbage masses is likely a result of a greater proportion of leaf present within the sward 

and subsequently an increase in the organic matter digestibility per kilogram of DM relative to 

higher herbage mass swards (Stakelum and Dillon, 2007, Garry et al., 2021) . Wims et al. (2010) 

confirmed this effect reporting pre-grazing herbage mass significantly (P<0.01) affected sward 

morphology observing an increase in the proportion of stem within the 2000 kgDM/ha (available 
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cover) pre-grazing sward relative to swards with pre-grazing covers of 1150 and 1400 kgDM/ha 

(available cover). Additionally, Stakelum and Dillon (2007) reported swards that have a high post-

grazing residual heights in spring contained a higher proportion of dead material and a lower 

proportion of leaf within the sward in subsequent rotations. These results emphasise the 

importance of targeted grazing allocations and consideration of pre- and post-grazing herbage 

masses, to ensure the forage offered is highly digestible and of high nutritional quality for lactating 

dairy cows, in order to maximize production per cow (Mayne et al., 1987) 

Bite mass is a critical factor that influences DMI and is considered an important determinant of daily 

animal DMI. Research has reported grazing cattle increase their bite mass when offered higher 

herbage mass swards compared to lower herbage mass swards (Barrett et al., 2001, Alvarez-Hess et 

al., 2021). Although animals can modify their bite mass in response to different grazing conditions 

(Patterson et al., 1998, Barrett et al., 2001, Alvarez-Hess et al., 2021), bite mass tends to decline as 

a sward depletes. Barrett et al. (2001) found that mean intake rate was significantly (P<0.001) lower 

at the third meal due to a reduction in bite mass as the sward depleted over the grazing session. 

Therefore to maximise DMI, research needs to identify the optimum balance between sward height 

and the nutritional content of the sward needs to be determined. In addition, pre-grazing herbage 

mass can further impact animal feeding behaviour; low pre-grazing herbage mass significantly 

reduced daily ruminating activity (P=0.045) and animals spent proportionally more time idle 

(P=0.020) than cows offered a high herbage mass. The increase in ruminating activity at higher 

herbage mass is a result of the greater proportion of stem and dead material within the sward and 

lower digestibility, thus the increased requirement for rumination. Typically farmers are advised to 

target pre-grazing covers of 3300-3500 kg DM/ha of total biomass in order to provide the highest 

quality forage for grazing (DAERA, 2021a). 

1.2.2.2 Herbage allocation  

Herbage allowance is defined as the amount of pasture available to livestock above a specified 

sampling height (Baudracco et al., 2010). The effect of herbage allowance on animal performance 
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and DMI has been extensively researched, and increasing herbage allowance is associated with a 

subsequent increase in DMI and improved animal performance (Table 1.1). Literature has suggested 

lactating dairy cows can achieve maximum DMI and subsequently maximum milk production when 

herbage allowance is double the animals potential intake. However, the impact of herbage 

allowance on DMI cannot be considered in isolation, as high herbage allowances can adversely 

impact herbage utilisation efficiency. McEvoy et al. (2008), increasing herbage allowance from 13 to 

17 kgDM/cow/d resulted in a significant increase in DMI (+1.6 kgDM/cow; P<0.001; Table 1.1) and 

post-grazing sward height was 0.8 cm (P<0.001) resulting in  a 11% reduction in herbage utilisation 

efficiency (P<0.001; Table 1.1). Likewise, Maher et al. (2003) witnessed an increase in animal DMI 

and milk yield and post-grazing sward height, and similarly herbage utilisation efficiency was 

reduced with increasing herbage allowance (Table 1.1). These studies highlight the negative impact 

of increasing herbage allowance on herbage utilisation, this is likely driven by the higher post-grazing 

residuals recorded at higher herbage allowances. Creighton et al. (2011) identified herbage 

utilisation efficiency as a large determinant of the overall cost-effectiveness of a pasture based 

system, therefore the reduction in herbage utilisation may often outweigh the benefits associated 

with improved DMI. 
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Table 1.1 The effect of herbage allowance on milk yield, herbage dry matter intake (DMI), post-

grazing sward height and herbage utilisation efficiency from studies by (Maher et al., 2003) and 

(McEvoy et al., 2008). 

 

 

*(kgDM/cow/d above 3.5cm), † (kgDM/cow/d above 4cm) 

 

In addition to a reduction in herbage utilisation, a high post-grazing sward height may have further 

additional negative impacts on the morphology and quality of the pre-grazing herbage offered in 

subsequent rotations. Stakelum and Dillon (2007) reported the benefit of grazing pastures at a high 

intensity in the spring and early summer period producing lower post-grazing swards and 

consequently resulting in a higher proportion of green leaf in the sward in subsequent rotations. 

Tuñon et al. (2014) confirmed this effect with an accumulation of live stem and dead material in 

mid-season in swards with high post-grazing residuals (>6 cm) early in the grazing season. These 

effects were observed in a similar study where herbage allowance was increased from 15 to 20 

kgDM/cow/d, resulting in a significant increase in post-grazing sward height (P<0.001) and a 

decrease in CP (P<0.05) content within the pre-grazing herbage in subsequent rotations (Roca and 

Rodriguez, 2013). McEvoy et al. (2008) similarly observed a significantly lower CP content (P<0.001) 

Paper (Maher et al., 2003) McEvoy et al. (2008) 

Herbage allowance offered 
(kgDM/cow) 

16* 20* 24* 13† 17† 

Milk yield (kg/cow/d) 20.6 22.2 22.9 27.9 29.7 

Herbage DMI (kgDM/cow) 15.3 16.5 17.1 13.3 14.9 

Residual sward surface height (cm) 5.8 6.7 7.4 4.8 5.6 

Efficiency of utilisation (%) 95.6 82.5 71.2 90 79 
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at higher herbage allowances and a significantly higher NDF (P<0.05) content at higher herbage 

allowances during period two of the study, likely a result of the significantly higher proportion of 

dead material (P<0.001) within the sward. Whilst these effects were not witnessed in the first 

period, this may be due to the effect Tuñon et al. (2014) described, with the accumulation of stem 

and dead material in the sward influencing the chemical composition of the pre-grazing fresh 

herbage in later rotations.   

The existing literature available on the effect of daily herbage allowance on animal feeding 

behaviour is limited relative to the data available on impact of herbage allowance on grass and 

animal performance. However, one study reported animal grazing at lower herbage allowances 

exhibited a significantly (P<0.003) longer first grazing bout however, daily time spent grazing was 

not influenced (P>0.05) by herbage allowance (Pérez-Ramírez et al., 2009). Bargo et al. (2002b) 

similarly reported no effect (P>0.05) of herbage allowance on the daily grazing or ruminating time 

of lactating dairy cows.   

Additionally, although herbage allowance is generally allocated on a kilograms of DM per cow per 

day basis, in practice herbage is actually allocated to the whole herd, creating difficulty in regulating 

the feed allowance to individual animals. Understanding the variations in individual animal DMI and 

the DMI of sub-groups within a herd will identify if the management system in place is benefiting 

one sub-group of animals to the detriment of another sub-group, thereby limiting overall herd 

performance. 

1.2.2.3 Species composition 

Species composition accounts for the number and type of different plant species present within a 

grazing sward. Species composition can impact dry matter production, nutritional value of the sward 

and animal bite mass.  

Perennial ryegrass (Lolium perenne) has become one of the most widely sown species in temperate 

climates due to its ability to produce high dry matter yields, have a high digestibility and persistency 
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throughout the grazing season (McDonagh et al., 2016, Wilkins, 1991). A recent survey conducted 

on dairy farmers in Northern Ireland revealed 88.8% of respondents opted for PRG to be the 

dominant species within their seed mixtures, with 63% of respondents including clover alongside 

PRG at an average rate of 1 kg/acre (AFBI, 2020).  

The inclusion of clover and other nitrogen fixing legumes can increase total DM yield per hectare 

relative to a pure grass sward, however with the application of nitrogen fertiliser pure grass swards 

have the ability to produce similar dry matter yields as grass and legume mixed swards (Fitzpatrick 

et al., 2022). Previous research has reported a positive correlation with the inclusion of white clover 

within a sward and the nutritional value of the sward observing increases in CP, in vitro digestibility, 

ME with increasing levels of clover inclusion (Guy et al., 2018, Enriquez-Hidalgo et al., 2018, Harris 

et al., 1997, Harris et al., 1998, Ribeiro Filho et al., 2003, Caradus et al., 1996). Contrastingly, a 

negative correlation between the concentration of NDF in the pre-grazing sward with increasing 

content of clover, further highlighting the improved nutritional composition of the grass and legume 

swards compared to pure grass swards (Guy et al., 2018, Harris et al., 1997). In addition, Harris et 

al. (1998) reported an increase (P<0.05) in DMI when sward clover content was between 50% and 

80% relative to a swards with only 20% clover content. The higher DMI exhibited by animals grazing 

swards with 50% and 80% clover content, consequently resulted in a significant (P<0.05) increase in 

milk production. Contrastingly, a recent study observed a similar milk yield and quality output by 

two herds at the same stocking rate (2.74 cows/ha) where one herd was offered a pure grass sward 

and the other offered a grass and clover mixed sward, however the grass and clover sward received 

150 kg N/ha less (Fitzpatrick et al., 2022). 

Box et al. (2016b) reported the DM content of a sward varied with species composition, PRG and 

clover swards were 7.3% higher in DM content relative to a pure plantain swards. Contrastingly, 

apparent DMI was higher on pure plantain swards indicating other nutritional factors (such as WSC) 

may have a greater impact on DMI. Additionally, literature has reported diploid varieties of PRG 
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swards have a significantly higher DM content than tetraploid varieties of PRG (Ahloowalia, 1970, 

Burns et al., 2013). However, it has been unequivocally reported that diploids swards produce 

significantly (P<0.05) lower annual DM yields than tetraploid swards (Ahloowalia, 1970, Gilliland et 

al., 2002, Burns et al., 2013). Although tetraploid varieties have a lower DM content, tetraploid 

varieties exhibit significantly higher WSC concentrations relative to diploid varieties of PRG (Garry 

et al., 2020, Gilliland et al., 2005), However, literature to date has reported increases in WSC 

concentrations do not consequently result in improvements in DMI, milk yield or milk composition 

(Taweel et al., 2005a, Taweel et al., 2006).  

In addition to ploidy, WSC carbohydrates can vary between species, as described by Box et al. 

(2016a) plantain swards contained higher WSC concentrations than PRG swards. A further study 

reported legume swards had lower WSC concentrations than PRG swards (Cosgrove et al., 2001). 

However, WSC concentrations have been shown to vary throughout the day within multiple sward 

species. Cajarville et al. (2015) reported a linear (P<0.001) increase in WSC throughout the day for 

both lucerne and tall fescue, this increase is linked to daylight and the greater rate photosynthesis 

relative to respiration within the plant. This has similar effect has been observed with PRG 

(Delagarde et al., 2000), phalaris (Ciavarella et al., 2000) and likely true for all grass species.  

Several studies have reported CP content is highly dependent on the forage species present in the 

sward. Inclusion of white clover or other legumes into grazing sward has resulted in the increase in 

CP content in the sward (Guy et al., 2018, Enriquez-Hidalgo et al., 2018). Steen (1996) reported at 

similar maturity levels, swards containing legumes exhibited greater CP concentrations relative to 

PRG swards. In addition, a meta-analysis confirmed this effect with white clover and PRG swards 

(203 g/kg DM) displaying a significantly (P=0.014) higher CP content than PRG only swards (184 g/kg 

DM) (Dineen et al., 2018). In addition, a recent study highlighted inclusion of tall fescue in mixed 

swards significantly (P<0.05) increases the sward CP content (Roca-Fernández et al., 2016).   
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Species composition can also impact animal behaviour, legumes such as clover have less structural 

carbohydrates than grasses resulting in rapid rates of breakdown and reduced rumen retention time 

(Smith et al., 2020, Ulyatt, 1973), thus altering rumination activity. Enriquez-Hidalgo et al. (2014) 

confirmed this effect reporting animals offered white clover decreased rumination time on grass 

and white clover swards relative to grass only swards contrastingly grazing behaviour was not 

affected by the inclusion of white clover in the grazing sward. A further study reported the inclusion 

of chicory and plantain within the grazing sward resulted in similar daily grazing time as animals 

grazing PRG swards however, with increasing inclusion of rates of chicory and plantain of the diet 

resulted in linear (P<0.01) increases in daily rumination time, rumination chews and mastication 

chews increased linearly (Gregorini et al., 2013a). Conversely, bite rate decreased linearly (P<0.01) 

with increased rates of chicory and plantain inclusion within the diet (Gregorini et al., 2013a).  

1.2.2.4 Frequency and timing of fresh herbage allocation   

Herbage allocation frequency (HAF) is a management strategy that alters the frequency in which 

animals are offered fresh herbage. This approach creates short-term differences in both grass 

availability and inter-animal competition for resources, potentially impacting feeding behaviour, 

DMI and subsequently animal performance.  

Previous research has extensively investigated the effect of frequency of fresh feed allocation on 

lactating dairy cows within indoor systems. Le Liboux and Peyraud (1999) and Mäntysaari et al. 

(2006) both reported increasing the frequency of TMR feeding from two to six and one to five daily 

feeds, respectively, resulted in a decrease in DMI. However, these authors reported daily milk yield 

was not affected by the frequency of TMR delivery. Phillips and Rind (2001a) reported a decrease 

(0.9 kgDM/d) in DMI when delivery of daily TMR allocation was increased from once daily to four 

times daily. In addition the animals offered TMR more frequently displayed a tendency for lower 

milk yield. Phillips and Rind (2001a), then reduced frequency of TMR allocation from daily to 

alternate day feeding. This decrease in feeding frequency to alternate day delivery resulted in a 1.1 

kg/cow/d increase in DMI and subsequently increased (P=0.02) daily milk yield by 0.6 kg/cow/d. The 
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authors suggested frequent feeding disturbed the animals’ natural feeding behaviour, consequently 

reducing milk production. This study further identified the impact of frequency of TMR allocation 

on animal feeding behaviour, with cows offered TMR daily spending less time feeding (P<0.03), less 

time ruminating whilst lying (P<0.04) and a tendency to spend more time standing (P<0.07) relative 

to animals offered TMR on alternate days. In addition, animals fed on alternate days displayed no 

difference in daily feeding pattern between days they were fed and not fed, the authors attributed 

this effect to the animals’ inability to anticipate the delivery of fresh feed. This study further 

reported within the alternate day feeding treatment on non-feeding days animals displayed less 

aggressive interactions. These studies indicate reducing the fresh frequency of TMR delivery 

increases the DMI of lactating dairy cows and in some cases a subsequent increase in milk 

production was reported, highlighting the potential benefit of reducing the frequency of TMR 

delivery.  

The impact of frequency of fresh herbage allocation has produced conflicting results however this 

may be due to the large range in frequency of fresh herbage allocations investigated ranging from 

one allocation every four days to seven daily allocations of fresh herbage. Abrahamse et al. (2008) 

investigated the effect of one day vs four day grazing paddocks, although DMI did not differ between 

treatments (P>0.05) lactating dairy cattle offered fresh herbage daily (one day paddock) produced 

significantly more milk (P<0.003). Research has also investigated the impact of offering fresh 

herbage multiple times throughout a day, Sembuli (1989) reported offering fresh herbage once daily 

compared four times daily had no effect on the performance of lactating dairy cows. Similarly, Dalley 

et al. (2001) observed increasing HAF from one to six daily allocation did not affect daily milk 

production or herbage DMI. Verdon et al. (2018) likewise reported increasing HAF from two to seven 

daily allocations did not affect herbage DMI. Contrastingly, milk yield (P<0.001) and energy 

corrected milk yield (P<0.05) significantly decreased when HAF was increased from one to six daily 

allocations (Verdon et al., 2018). However, two of these studies (Sembuli, 1989, Dalley et al., 2001) 

offered high herbage allowances (>30 kg/cow/d) resulting in high post-grazing sward heights and 
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potentially limiting the inter-animal competition for resources often witnessed within intensive 

grazing systems on commercial farms. Additionally, Dalley et al. (2001) reported altering HAF from 

one to six equal feeds daily did not affect daily time spent grazing or ruminating. Verdon et al. (2018) 

similarly observed increasing the frequency of HAF from two to seven daily allocations did not affect 

daily feeding time but daily rumination time decreased significantly (P<0.001) when HAF was 

increased to seven daily allocations. Within commercial intensive dairy grazing systems, fresh 

herbage is conventionally allocated either once or twice daily post milking. Although research has 

investigated very high and low frequencies of fresh herbage allocation to date literature has failed 

to investigate the effect of herbage allocations that can be easily and are commonly practiced on 

commercial farms.   

1.2.2.5 Restricted time access to pasture 

Restricting time at pasture is a management strategy that is gaining increasing interest particularly 

at the beginning and end of the grazing season to manage difficult grazing conditions. The effect of 

restricting access to herbage has been extensively researched, however results have varied between 

studies. Kennedy et al. (2009) found restricting access time at pasture from 22 to nine hours a day 

significantly reduced grass DMI (-1.7 kg DM/d; P<0.05) in lactating dairy cows however daily milk 

yield was not impacted. Pérez-Ramírez et al. (2009) similarly reported restricting access to pasture 

to either a five or nine hour daily access period significantly decreased grass DMI (P<0.001) reducing 

it on average by 2.9 kg/cow/d, subsequently decreasing milk yield on average by 1.9 kg/cow/d. 

Similarly, Kennedy et al. (2009) observed a significant (P<0.05) decreased in grass DMI when access 

to pasture was restricted from 22 hours daily to one nine hour access period of fresh herbage. 

However, this study reported when access to pasture was split into two, 4.5 hour grazing sessions 

following each milking animal DMI was and milk yield was not affected (P>0.05). Further reducing 

access to pasture to two, three hour daily grazing session’s following both milkings similarly had no 

effect (P>0.05) on grass DMI or milk yield, thus highlighting during one long (nine hour) grazing 

session animals were not able to achieve optimum intakes however over two shorter grazing 
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sessions animals were able to achieve similar grass DMI’s and milk production as animals offered 22 

hours access to pasture (Kennedy et al., 2009). Furthermore, this study indicates lactating dairy cows 

are able to consume their daily grass DMI requirements within two 3 hour periods, with the same 

concentrate supplementation (3 kgDM/cow/d) as animals on unrestricted access. Whilst these 

studies reported no effect of pasture restriction on milk production, Pérez-Ramírez et al. (2009) 

contrastingly observed a significant decrease (P<0.001) in grass DMI and daily milk yield when 

animals were restricted from one eight hour daily grazing session to one four hour daily grazing 

session, indicating one four hour grazing session is too restrictive on lactating dairy cows.  

Previous literature has reported restricting access to pasture does not impact pre-grazing sward 

quality (Kristensen et al., 2007, Kennedy et al., 2009); however herbage utilisation significantly 

(P<0.001) decreased when access to pasture was restricted (Kennedy et al., 2009). As previously 

discussed a reduction in herbage utilisation can impact sward quality in subsequent rotations 

(Stakelum and Dillon, 2007, Macdonald et al., 2018)  and overall profitability (Creighton et al., 2011) 

Literature has reported animals rarely graze at their maximum intake rate; when required, animals 

can substantially increase their intake rates to meet their DMI requirements regardless of the 

physical constraints they have. This effect was witnessed in a study that restricted animal access to 

pasture; these animals increased their intake per bite and intake per minute, resulting in similar 

daily DMI relative to animals offered unrestricted access to pasture (Gregorini et al., 2009b), 

confirming animals can adapt their grazing behaviour to achieve maximum DMI. In addition, 

restricting access to pasture can further influence animal feeding behaviour. A study that reduced 

access to pasture from nine to four hours daily reported animals spent 86% of their time at grazing, 

significantly (P<0.001), greater than 64% of time grazing on animals given nine hour access 

(Kristensen et al., 2007). Gregorini et al. (2012) reported this impacts on rumination time, with cows 

offered herbage in one eight hour period significantly (P=0.038) reducing daily rumination time by 

36% compared cows offered two four hour grazing sessions or non-restricted access to pasture. 
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However, this study indicated animals in all treatments exhibited diurnal rumination patterns 

regardless of level of pasture restriction imposed. All animals displayed their greatest rumination 

activity during the night; however, animals offered one eight hour access period to pasture 

displayed a lower rumination during the night relative to the other two treatments (Gregorini et al., 

2012). Animals in these other two treatments (two four hour allocations or non-restricted access) 

exhibited an additional peak in rumination activity between the two daily milking sessions, whereas 

animals offered one eight hour access to pasture did not display this rumination activity (Gregorini 

et al., 2012). 

Whilst there is an abundance of literature on restricting access to pasture, to date this research has 

largely focused on the effect of pasture restriction on smaller, lower-yielding dairy cows. These 

animals tend to have lower total DMI’s and nutritional requirements than high-yielding lactating 

dairy cows. Thus, since research should investigate the impact of restricting access to pasture on 

high-yielding dairy cows this management practice may have a greater impact on the DMI, 

performance and behaviour of high-yielding dairy cows.  

1.2.2.6 Presentation of herbage 

Offering standing herbage to lactating dairy cows offers animals the potential to express their 

natural grazing behaviour. However, the grazing sward offered can vary depending on a number of 

factors including species composition, pre-grazing herbage mass, and offers the animal opportunity 

to selectively graze, in turn impacting nutrient consumption, DMI and animal performance. Within 

commercial systems, altering the way in which herbage is presented has gained increasing interest, 

with many farmers implementing strategies such as zero-grazing (mechanical harvesting and 

feeding of fresh grass indoors) and pre-mowing (mechanical harvesting of the grazing area prior to 

in situ grazing).  

1.2.2.6.1 Zero-grazing 

Zero-grazing is the process of mechanical cutting fresh herbage and feeding it to housed animals 

throughout the grazing season. Although zero-grazing has been practiced in parts of North America 



 

39 
 

since the 1960s (Albright and Alliston, 1971), in recent years this management practice is becoming 

increasingly common in Great Britain and Northern Ireland. Zero-grazing allows for the utilisation of 

fresh herbage in a housed management system, and can reduce feed costs and improve profitability 

compared to feeding only conserved forages to housed animals (AHDB, 2019). A recent survey in 

Northern Ireland identified 17.9% of farmers surveyed were practicing zero-grazing on their farm 

(AFBI, 2020). The primary perceived benefits to zero-grazing noted in the survey were improved 

herbage production, improved herbage utilisation, easier management, reduction in land poaching 

and more flexible use of fragmented land. However, to date research has reported no effect of zero-

grazing on the milk yield of lactating dairy cows, with animals producing similar yields to animals 

conventionally grazing at similar pre-grazing herbage masses (Dohme-Meier et al., 2014, McConnell 

et al., 2018). Even though Dohme-Meier reported animals on zero-grazed grass had a significantly 

(P<0.01) higher grass DMI (+2.1 kgDM/cow/d) relative to cows grazing, the lack of increase in milk 

yield as a response to the increase in DMI may be a result of the animals inability to selectively graze. 

McConnell et al. 2018 reported zero-grazing significantly (P<0.001) increased herbage utilisation 

compared to full-time grazing. Increases in herbage utilisation will subsequently improve the cost-

effectiveness of the zero-grazing system (Creighton et al., 2011).  

As previously mentioned with the standing sward, Barrett et al. (2001) reported a significant 

(P<0.05) linear decrease in bite mass as swards were progressively grazed throughout the day, 

reducing intake rate and overall daily DMI. Zero-grazing offers the potential to increase animal bite 

mass, as bite mass is no longer limited by sward density or pre-grazing herbage mass.  

1.2.2.6.2 Pre-mowing 

Pre-mowing is the process of mechanically cutting a standing sward prior to in situ grazing.  With 

regards to pre-mowing the reported impact on animal performance has been inconsistent. Kolver 

et al. (1999) observed pre-mowing in the early part of the grazing season resulted in decreased milk 

solid production by 0.11 kgMS/cow/d relative to conventional grazing. Contrastingly, pre-mowing 

during summer increased milk solid production by 0.13 kgMS/cow/d. Similarly, Kingsbury (2014) 
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observed pre-mowing significantly (P<0.001) reduced daily milk yield, possibly as a consequence of 

the 1.3 kgDM/cow/d (P=0.037) reduction in daily DMI. A further study observed pre-mowing  

herbage did not impact animal performance (Kay et al., 2018). With regards to the pre-grazing 

herbage quality of the sward, literature to date has reported no effect of pre-mowing (Kingsbury, 

2014, Kay et al., 2018). Although there is a limited literature available on the impact of pre-mowing 

on the behaviour of lactating dairy cows, Kingsbury (2014) reported dairy cows offered pre-mowing 

herbage displayed a tendency (P=0.057) for higher rumination activity at night. Contrastingly, Bryant 

et al. (2016) reported no effect of pre-mowing on the rumination activity of lactating dairy cows. 

Whilst both of these studies recorded the behaviour of six cows in each treatment at five minute 

intervals over a 24h period for two days during the study period, the discrepancy in results 

presented may be due to the limited monitoring time and small sample size used.  

Similarly to zero-grazing, animal bite mass within a pre-mown sward is not limited by pre-grazing 

sward height or density. In addition, animals within the pre-mown sward cannot selectivity graze. 

This will possibly decrease competition within the herd supporting the performance and DMI of 

subordinate animals. Whilst research to date has failed to identify benefits of pre-mowing, previous 

research has only investigated the impact of pre-mowing on low-yielding dairy cows. Since, these 

animals have substantially lower nutrient requirements relative to high-yielding dairy cows, low-

yielding dairy cows are often able to meet their nutritional requirements on grass only diets, unlike 

high-yielding dairy cows. Research needs to further investigate the effect of pre-mowing as a grazing 

management tool to assist in meeting the nutritional requirements of high-yielding dairy cows.  

1.2.3 Conclusions 
The literature highlights that pre-grazing herbage mass and herbage allowance can be altered to 

increase animal DMI, however, factors such as herbage utilisation and quality can be negatively 

affected as a result. Therefore, research needs to better understand the impact of management 

strategy on all aspects of the pasture based system. Within the literature presented there is a clear 

knowledge gap on the impact management factors such as pre-mowing and access to pasture 
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restriction on high-yielding dairy cows. These animals have higher nutrient requirements, unlike 

low-yielding cows these animals cannot achieve their nutrient requirements from herbage alone. In 

addition, the impact of herbage allocation frequencies that are commonly practiced and that can be 

easily practiced on commercial farms have yet to be determined. Establishing the optimal 

management system for high-yielding dairy cows will be essential to ensure the long-term 

sustainability of Northern Ireland’s dairy industry. 

1.3 Animal Management in rotational stocking systems  
Grazing dairy herds can generally comprise of animals varying in age, stage of lactation, milk yield, 

body size and weight, and these factors can impact individual animal nutrient demand and 

subsequently animal performance. Although, literature has identified a positive correlation 

between DMI and milk production (Peyraud et al., 2004, Allen et al., 2019). Milk yield varies 

throughout a dairy cows’ lactation reaching peak milk yield between four and eight weeks 

postpartum, after this period milk yield slowly decreases following the milk lactation curve (NRC, 

2001). However, peak DMI is delayed reaching a peak between 10-14 weeks postpartum (NRC, 

2001).  

1.3.1 Supplementary feeding  
Offering supplementary feed in the form of forage or concentrates may provide the additional 

energy and nutritional requirements that herbage only diets are deficient in for high-yielding dairy 

cows. Thus ensuring high-yielding dairy cows achieve their genetic potential for total DMI and milk 

production, and ensuring animals don not mobilise their body reserves to achieve their production 

potential (Kolver and Muller, 1998).  

Within Northern Ireland a recent survey highlighted that feeding concentrates during milking was 

the most common method of supplementation during the grazing season, with 100% of respondents 

feeding concentrates throughout the whole grazing season (AFBI, 2020). A number of studies have 

investigated the impact of supplementation in the form of concentrates to lactating dairy in pasture 

based systems; literature has reported a linear increase in milk yield with concentrate 



 

42 
 

supplementation  ranging from 0 to 10 kgDM/d of concentrates (Bargo et al., 2002b, McEvoy et al., 

2008). Bargo et al. (2002b) investigated the effect of concentrate supplementation at two levels of 

herbage allowances; total DMI was significantly (P<0.001) higher in animals that were offered 

concentrate, but herbage DMI was significantly (P<0.001) reduced with concentrate 

supplementation. A further study confirmed the impact of concentrate supplementation on animal 

production, reporting a 4.1 kg/cow/d increase in milk production when 4 kg/cow/d of concentrate 

was offered within a pasture based system (Kennedy et al., 2008b). This trend was further reported 

in a review by Bargo et al. (2003); increasing the amount of concentrate supplementation up to 10 

kgDM/d consequently increased total DMI by 24%, milk production by 22%, and milk protein 

percentage by 4%, but reduced milk fat percentage by 6%, relative to animals offered no 

supplementary concentrate feeding. These results clearly highlight the production benefits of 

supplementing high-yielding dairy cows with concentrates in pasture based systems.  

In addition, TMR is  commonly used as a buffer feed throughout the grazing season in Northern 

Ireland (AFBI, 2020); this supplementation method has similarly been reported to significantly 

increase total animal DMI (Bargo et al., 2002a). However, a further author reported conflicting 

results of two separate studies on effect day time grazing plus grass silage offered compared to full-

time grazing on the impact of animal production (Ferris, 2007). The author attributed the differences 

observed in studies to difficult grazing conditions and good quality grass silage resulting in improved 

milk production with silage offered, whereas in ideal grazing conditions supplementing with 

moderate quality silage reduced the performance of lactating dairy cows. These results highlight the 

substantial influence both environmental conditions and the quality of supplementary feed offered 

can impact the management system and consequently animal performance.  

With supplementation of concentrates and forages, the substitution rate of these for herbage DMI 

is critical in determining the cost-effectiveness of supplementation within pasture based systems. 

Substitution rate is defined as the reduction in herbage DMI per a kilogram of supplementary feed 
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consumed (Ferris, 2007). Minimising the substitution rate is key to maximising the milk response 

from supplementation offered (Barber et al., 2019, Stakelum, 1986). Bargo et al. (2002b) reported 

substitution rate of high-producing dairy cows supplemented with a corn-based concentrate was 

lower (0.26 kg of pasture/kg of concentrate) at a low herbage allowance compared to cows grazing 

at a high herbage allowance (0.55 kg of pasture/kg of concentrate). Although the substitution rate 

is greater at higher herbage allowances but additional factors can affect substitution rate such as 

genetic merit (Horan et al., 2006) and level of concentrate supplementation allowance (Stockdale, 

2000). Minimising substitution rate will be key in developing sustainable dairying systems, due to 

the higher costs associated with feeding concentrates (Doherty et al., 2005). Furthermore, milk 

produced from dairy cows that are supplemented with high levels of concentrate are associated 

with increased total greenhouse gas (GHG) emissions per a unit of milk produced (O’Brien et al., 

2012). 

1.3.2 Animal grouping 
Grazing dairy herds can comprise of number of animals varying in age, stage of lactation, milk yield, 

animal size and weight. Grouping strategy is a component of an animals feeding environment and 

can potentially influence animal feeding behaviour, DMI and performance (Grant and Albright, 

2001). Dairy cattle are gregarious animals that form a hierarchy within the herd through dominance 

establishment (Hussein et al., 2016b). Previous literature has positively correlated social dominance 

in dairy herds with animal live weight (LW) and lactation number (Phillips and Rind, 2002b, Sołtysiak 

and Nogalski, 2010, Hussein et al., 2016b). Consequently lighter, younger animals such as 

primiparous animals are likely to be lower ranking within the herd and can generally be classed as 

subordinate animals. 

Multiple indoor research studies have witnessed a negative impact of dominant older, multiparous 

dairy cows on the performance, intake and behaviour of younger, primiparous dairy cows when kept 

within the same groups (O'Connell et al., 2000, Johnson et al., 2003, McEvoy et al., 2009a). Neave 

et al. (2017) reported primiparous housed separately in the first three weeks after calving had a 
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significantly greater DMI and spent significantly less time feeding compared to primiparous cows 

that were housed in a group with multiparous cows. Similarly, Krohn and Konggaard (1979) observed 

housing and feeding primiparous animals separately increased DMI and milk production compared 

to primiparous animals housed with multiparous animals.  

In addition, studies have reported the impact of parity on DMI, performance and behaviour. Dado 

and Allen (1994) reported more productive, multiparous cows consumed more feed, ruminated 

longer and more efficiently and drank more water than less productive and typically younger cows. 

Similarly, within a pasture based system, multiparous animals consumed 24% (P=0.01) more grass 

than primiparous cows however, when grass DMI was expressed relative to animal live weight, 

parity did not influence grass DMI (Johnson et al., 2003). Indeed, literature has suggested variations 

in DMI observed between primi- and multi-parous animals can be largely explained through the 

variations in milk yield and body weight displayed (McEvoy et al., 2009a). Furthermore research has 

identified a positive association between animal dry matter intake and animal live weight (Madilindi 

et al., 2022). This suggests body weight and other animal factors that change with animal parity may 

have a greater influence on the DMI of lactating dairy cattle. However, often a challenge within 

many systems is for the lower parity animals to achieve optimum DMI due to competition within 

the herd. Indeed, Baumont et al. (2006) suggested larger animals may have a competitive advantage 

over smaller, younger animals to achieve optimum DMI within a competitive herd situation due to 

the increased mouth size of larger, older animals therefore enabling a higher intake per bite. 

Researchers have suggested animals might be best grouped by nutrient requirements (Williams and 

Oltenacu, 1992), suggesting less dominant younger, primiparous animals should be grouped into a 

separate mob to support their DMI and performance. However, managing multiple grazing groups 

in many commercial farming systems is often not feasible due to labour and infrastructure 

limitations.  
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1.3.3 Animal diet selectivity  
The selective grazing nature of ruminants has been known for decades, with animals preferentially 

selecting leaf material within the sward relative to stem (Arnold, 1964). This selectivity results in the 

consumption of higher quality herbagepasture compared to the average of the total diet offered to 

the animal (Wales et al., 1998, Moate et al., 1999, Jacobs et al., 1999). These authors reported 

animals selected a diet 10-11% higher in in vitro   DM digestibility and 30% higher in CP (P<0.001) 

than the average of the herbage offered. In addition, two studies reported animals selected a diet 

significantly lower (P<0.05) in NDF than the average in the herbage offered (Wales et al., 1998, 

Moate et al., 1999). However, Leaver (1985) suggested the degree of selection within a sward is 

dependent on the grazing pressure applied; at lower herbage allowances, as feed supply decreases 

ruminants will graze the remaining lower quality and less acceptable plant material. In effect, 

ruminants have to compromise selectiveness by eating previously neglected species at lower 

herbage allowances and/or under greater competition for grazing sites. However, when an 

abundance of feed is available animals can express this selective behaviour by preferential grazing.  

1.3.4 Conclusions 
Whilst supplementary feeding is a simple and effective method to meet the nutritional requirements 

of high-yielding lactating dairy cows on pasture based systems, this method can reduce the cost-

effectiveness of the system and have additional negative environmental effects. Whilst literature 

has suggested separating animals into groups according to the nutrient requirements would support 

the DMI and performance of subordinate animals, this is often not feasible within commercial farms. 

Management systems that reduce competition for grazing sites, through limiting animal selectivity 

within the sward (e.g. zero-grazing, pre-mowing) may in turn support the performance of lower 

parity and subordinate animals. Further research should investigate the impact of management 

system on sub-groups within a grazing mob (e.g. primiparous animals) which will improve the 

understanding of competition within grazing systems, and assist in the development of systems that 

support all animals in a grazing herd.  
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1.4 Grazing swards in temperate regions 
The main objective of grassland systems is to supply high quality digestible herbage to dairy cows 

throughout the grazing season whilst achieving high levels of herbage utilisation. Kolver and Muller 

(1998) suggested that pastures should have similar nutrient and physical attributes to that of a TMR, 

to maintain a stable rumen and provide sufficient nutrients for both health and production. 

Although some of these attributes can be controlled through management of the sward and the 

grazing system, weather conditions can affect the grazing sward and subsequently animal DMI, 

performance and behaviour.  

1.4.1 Variations and the impact of herbage quality 

1.4.1.1 Dry matter content 

The DM content of a plant is defined as the proportion of components remaining after all of the 

water molecules have been removed through a drying process. Plant water content can be 

considered to contain two elements; internal water (water contained within the plant) and external 

water (rain or dew on the plant) (Cabrera Estrada et al., 2003). Previous literature has identified a 

key factor limiting DMI in lactating dairy cows is the low DM content of grazing pastures (Kolver and 

Muller, 1998, Cabrera Estrada et al., 2004, Taweel et al., 2005b). This effect is confirmed by the 

positive correlation between DM content and DMI as reported in several indoor studies in the case 

of sheep (John and Ulyatt, 1987, Wilkins et al., 1971) and dairy cows (Vérité et al., 1970). Similarly, 

Cabrera Estrada et al. (2004) observed a positive correlation between sward DM content and DMI, 

reporting a 134 g increase in DMI for every one percent increase in grass DM content between 12-

30%. Furthermore, Duckworth and Shirlaw (1958) observed maximum DMI in dairy cows could be 

obtained when grass DM is between 24-28%. However, literature to date has identified the average 

DM content in PRG grazing swards throughout the grazing season often fails to achieve this target 

(Kolver and Muller, 1998, Curran et al., 2010, Ganche et al., 2013).  

1.4.1.1.1 Impact of External Water on DMI   

Multiple studies (Butris and Phillips, 1987, Phillips et al., 1991, Cabrera Estrada et al., 2003, Cabrera 

Estrada et al., 2004) have investigated the effect of external water on the DMI of ruminants. Butris 
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and Phillips (1987), observed a 22% (P<0.001) reduction in DMI when steers were fed soaked 

herbage compared to steers fed unsoaked herbage, highlighting the potential impact of 

environmental conditions on animal DMI. Within this study, of the three treatments on lower DM 

herbage two of the treatments were supplemented with hay or silage (ad libitum one hour per day) 

however, supplementing with alternative forages did not compensate for the reduction in DMI 

observed with lower DM swards offered. Phillips et al. (1991), similarly found a significant (P<0.05) 

reduction in DMI when animals were offered lower DM diets; British Friesian steers decreased their 

DMI from 9.6 kg/d to 8.3 kg/d when fed fresh soaked herbage of PRG and white clover, diet DM 

content was 21.2% and 14.3%, respectively. In contrast, Cabrera Estrada et al. (2003) found that 

DMI was not affected by external water on pure PRG swards; rather dairy cows increased their fresh 

weight intakes by 36% to compensate for a 37% reduction in DM content within the sward. Similarly, 

a further study reported the addition of surface water by increased fresh weight intake by 54 g/kg 

however it did not impact overall DMI, suggesting external water does not affect DMI on PRG swards 

(Cabrera Estrada et al., 2004). The contrasting results observed in these studies is likely due to the 

different methodologies employed, the first two studies soaked the fresh grass for five minutes and 

then drained any excess water for five minutes whereas the final two studies sprinkled water on 

fresh herbage to prevent any loss of water by draining. Cabrera Estrada et al. (2004) suggested 

soaking and draining herbage could potentially result in a loss of soluble constituents, resulting in a 

lower acceptability of cut herbage in dairy cows which could explain a reduction in voluntary intake. 

Additionally, Cabrera Estrada et al. (2003) suggested the surface water on grass is swallowed quickly 

during eating without being chewed with the remainder of the bolus.  

1.4.1.1.2 Impact of Internal Water on DMI 

Although Cabrera Estrada et al. (2004) reported the addition of external water to fresh grass had no 

impact on dairy cow DMI contrastingly observing internal water is a factor limiting voluntary feed 

intake, reducing the initial rate of intake and the average rate of DMI (Cabrera Estrada et al., 2004). 

Reporting significant (P<0.05) increase in DMI with drying even though there was no significant 
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change in the chemical composition of the PRG forage. Vérité and Journet (1970), similarly found 

that DMI in dairy cows increased with the increasing DM content of perennial ryegrass, Italian 

ryegrass (IRG), lucerne and natural pasture. This study observed daily DMI increased by 208 gDM 

for every one percent increase in DM content between 12 and 22%. Cabrera Estrada et al. (2004) 

suggested internal water reduces DMI of dairy cattle, as it must be masticated which possibly limits 

eating rate.  

Särkijärvi et al. (2012) observed the DM content in all the swards tested were similar when they 

were sampled at the same time even though some swards contained a diverse variety of species 

including tall fescue, meadow fescue, timothy and various mixtures of the these species. 

Contrastingly, Box et al. (2016a) reported the DM content of a pure PRG swards (17.1%) was 7.3% 

greater than the DM content of pure plantain swards (9.8%). However, unexpectedly animal DMI 

was higher on plantain swards than the PRG and white clover swards, highlighting other nutritional 

factors or bite mass may have a greater impact than DM content on overall DMI. 

Plant ploidy has also been identified as a factor impacting the DM content of the grazing sward. 

Ahloowalia (1970), reported a significant increase (P<0.01) in DM content when swards contained 

diploid varieties of PRG relative to swards with tetraploid varieties. Burns et al. (2013) confirmed 

this effect reporting a significantly higher (P<0.001) DM content in diploid swards. However, it has 

been unequivocally observed that diploid swards produce significantly (P<0.05) lower annual DM 

yields than tetraploid swards (Ahloowalia, 1970, Gilliland et al., 2002, Burns et al., 2013).  The higher 

DMI of diploid swards provides an opportunity for the ruminant animal to increase DMI per bite 

during grazing, however the reduction in annual yield may have a greater effect on animal 

performance per hectare.  

1.4.1.2 Carbohydrates  

Carbohydrates constitute the largest part of a dairy cow ration, contributing 60 - 70% of the net 

energy for milk production (NRC, 2001). Carbohydrates can be divided into two groups: structural 

carbohydrates and non-structural carbohydrates (Harris, 1993). Neutral detergent fibre  measures 
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the majority of the structural components in plant cells (Van Soest et al., 1991, Oba and Allen, 1999). 

Non-structural carbohydrates can be classified as WSC or larger polysaccharides that are insoluble 

in water (NRC, 2001).  

1.4.1.2.1 Structural Carbohydrates  

Mertens (1997) suggested optimal dietary NDF intake should be 1.1% of a lactating dairy cow’s body 

weight and 75% total dietary NDF should derive from forages. Digestibility is one of the most 

important indicators of nutritive value, an indicator of the nutrient losses that occur during digestion 

(Kitessa et al., 1999). Digestibility of forages is strongly related to the cell wall content (NDF) and its 

lignification (Van Soest, 1994). Acid detergent lignin (ADL) is strongly correlated to the digestible 

NDF (dNDF) (Raffrenato et al., 2017). Improving dNDF has been shown to significantly improve DMI 

and milk yield in dairy cattle (Oba and Allen, 1999). Oba and Allen (1999) reported for every one 

percent increase in dNDF a subsequent increase of 0.17 kg in DMI was observed. However, dNDF is 

affected by multiple factors including species, plant maturity and growing environment.  

Herbage digestibility declines with increasing maturity (Wilson and McCarrick, 1967, Buxton, 1996), 

due to the increased concentrations of NDF and ADF and the lower ratio leaf to stem in the plant 

(Steen, 1996). However, the rate of digestibility declines with increasing maturity varies depending 

on plant species. As aforementioned there are numerous benefits that occur with the inclusion of 

white clover into a grazing sward. In addition to these, white clover has a higher cell to cell wall ratio 

than PRG, therefore at the same stage of growth and during the same stage of the season white 

clover has lower fibre concentrations and faster digestion rates than PRG resulting in increased DMI 

(Johnson and Thomson, 1998). Giovanni (1990) confirmed this effect observing a reduction in PRG 

digestibility of 20 g/kgDM per a week in May, double the rate of decline of digestibility of white 

clover 10 g/kgDM per week. Thus it is widely acknowledged with advancing maturity the rate of 

digestibility decline in legumes is slower relative to grass species (Ulyatt, 1970, Dewhurst et al., 

2009). Furthermore, due to the lower proportion cell wall, legumes break into small fractions easier 

than PRG and therefore are more easily digested (Mertens, 1994). A study investigating multiple 
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grass species during the primary growth period reported PRG displayed the greatest DM digestibility 

followed by cocksfoot, yorkshire fog and meadow foxtail (Čop et al., 2009). Additionally, this study 

further identified NDF and ADF content of the PRG sward was lower relative to the other grass 

species investigated. Furthermore, O’Donovan and Delaby (2005) reported ploidy had a significant 

(P<0.05) effect on the NDF content of PRG cultivars. In addition, multiple studies have found 

tetraploid varieties of PRG have a significantly higher digestibility than diploid swards of PRG 

(Gilliland et al., 2002, Balocchi and López, 2009). The difference in digestibility is highly related to 

the morphological characteristics; tetraploid cultivars have a higher cell to cell wall ratio.  

Sufficient NDF is a dietary requirement in dairy cows to support rumen function; insufficient levels 

of NDF within the diet consequently reduce chewing activity and, subsequently, a decrease in saliva 

production, which has a key role in buffering the pH of the rumen. A high ruminal pH can result in 

rumen acidosis and sub-acute ruminal acidosis (SARA). A review by Enemark et al. (2002) reported 

cows affected by SARA had a rumen pH between 5.0-5.5. The onset of SARA can reduce DMI and 

performance. Indeed research has reported a pH lower than 6.7 can decrease animal DMI (Oba and 

Allen, 1999). Previous literature has identified ruminal pH is positively correlated (r2<0.15) to forage 

NDF content (Kolver and De Veth, 2002). However, excess NDF in ruminant diets can cause rumen 

fill, limiting the DMI (Oba and Allen, 1999). Waghorn (2002) suggested rumen fill in pasture based 

diets was a major limitation on total DMI in pasture based systems relative to animals fed a TMR 

diet. Several studies have highlighted the negative effect of rumen fill on DMI of lactating dairy cows 

(Dado and Allen, 1995, Oba and Allen, 1999). Although more difficult to manage in pasture based 

systems, NDF levels should be monitored to ensure intake is not limited due to NDF content of the 

sward and additionally monitored to ensure sufficient NDF is supplied to avoid health issues in 

ruminants.  

1.4.1.2.2 Non-structural Carbohydrates 

Water soluble carbohydrates indicate the level of sugar present within the feed, WSC are a major 

source of energy for lactating dairy cows (NRC, 2001). Multiple studies have observed the benefits 



 

51 
 

of increase WSC content in the diet; reporting increases in DMI with lactating dairy cows when 

sucrose was added a TMR diet (Nombekela et al., 1994) and an alfalfa and corn silage diet (Broderick 

and Radloff, 2004).  

 

 

 

Table 2.1 The effect of feeding high-sugar (HS) and low-sugar (LS) grass on intake and nutritional 

factors. 

 

aOrganic matter digestibility, bDry matter digestibility, 1CP = Crude Protein, 2WSC = Water Soluble 

Carbohydrate, 3NDF = Neutral Detergent Fibre, 4Dig = Digestibility, 5DMI = Dry Matter Intake  

 

 

 Study 

 Peyraud et  al., 1997 Miller et al., 2001 Taweel et al., 2005 Moorby et al., 2006 

 HS LS HS LS HS LS HS LS 

CP1 (g/kg) 106 150 92 106 151 158 104 99 

WSC2 (g/kg) 246 180 165 126 180 149 243 161 

NDF3 (g/kg) 496 528 544 589 414 430 480 563 

Dig4 (%) 79a 81a 71b 64b 82a 81a 75b 72b 

DMI5 (kg/d) 15.1 15.3 11.6 10.7 16.2 17.1 15.3 13.1 
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Studies have shown high-sugar grasses result in elevated levels of WSC and reduced NDF 

concentrations, however, subsequently these high sugar grasses result in a reduced CP content in 

the sward (Table 1.2). Although this suggests elevated WSC content in the sward is at the expense 

of other nutritional components, a review on nitrogen use efficiency (NUE) reported increasing the 

ratio of WSC to CP in the diet had a positive effect on NUE (Keim and Anrique, 2011). Additionally, 

Miller et al. (2001) and Moorby et al. (2006), reported dairy cows had higher DMI when high sugar 

grass was offered. Contrastingly Peyraud et al. (1997) and Taweel et al. (2005b) reported a reduction 

in DMI when lactating dairy cows were offered high sugar grasses. The increase in DMI reported by 

Miller et al. (2001) and Moorby et al. (2006) may be a result of the greater digestibility witnessed in 

the high sugar grasses, therefore this may have a greater influence on DMI than the WSC content of 

the grass offered (Table 1.2). The other two studies displayed had similar digestibility for both low 

and high sugar grasses (Table 1.2).  

Water soluble carbohydrate content has been shown to be a heritable trait, therefore through plant 

breeding high sugar grasses can be produced and are now commercially available with elevated WSC 

and reduced fibre concentrations (Ferris, 2007). Variations between species have been observed 

with plantain having higher WSC concentrations than PRG (Box et al., 2016a) and legumes containing 

lower WSC concentrations than PRG (Cosgrove et al., 2001). Additionally Gilliland et al. (2005) 

observed tetraploid varieties of PRG had significantly (P<0.001) higher WSC concentrations than 

diploids, except for those that had been selected for this particular trait, highlighting the availability 

to selectively choose species and varieties high in WSC if desired.  

Sugars are formed through the process of photosynthesis, whenever the rate of photosynthesis 

exceeds plant growth rate carbohydrates accumulate within the plant, therefore WSC content varies 

throughout the day. Diurnal fluctuations in WSC concentrations have been observed within swards, 

increasing throughout the day peaking during the in the afternoon (Lee et al., 2001). Abrahamse et 

al. (2009) confirmed this effect reporting higher grass sugar content in both grazing treatments at 
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16.00h compared to 06.00h. Additionally, Cajarville et al. (2015) reported a linear (P<0.001) increase 

in WSC throughout the day in both lucerne and tall fescue.  

To date, research provides insufficient evidence that WSC directly increases DMI, milk yield or milk 

solids produced. In addition, literature to date suggests the selection for elevated levels of WSC 

concentrations in the sward may be at the expense of other nutritional factors.  

1.4.1.3 Protein  

The protein content of grass is generally reported as CP. The positive relationship between 

increasing levels of dietary CP and DMI of lactating dairy cattle has been widely documented 

(Broderick, 2003, Cyriac et al., 2008, Law et al., 2009b). However, there is a maximum limit. 

Broderick (2003) investigated three diets with different CP levels: 15.1%, 16.7% and 18.4%. 

Increasing CP levels from 15.1% to 16.7% showed a linear increase in DMI (P<0.05), increasing CP 

content to 18.4% showed no further improvement in milk yield or milk components (Broderick, 

2003).  

Research has identified the CP content of the sward decreases with increasing sward maturity 

(swards of higher herbage mass), observed in both grass and legume swards (Ribeiro Filho et al., 

2005, Muñoz et al., 2016). McEvoy et al. (2009b) confirmed this effect observing a significantly 

higher (P<0.001) CP content in swards with a herbage mass of 1,700 kgDM/ha (available cover) 

relative to higher herbage mass swards of 2200 kgDM/ha. Furthermore, CP content varies with grass 

species. A recent study highlighted the inclusion of tall fescue in mixed swards significantly (P<0.05) 

increased the CP content of the sward (Roca-Fernández et al., 2016). Likewise, the inclusion of white 

clover or other legumes into a PRG sward consequently increases herbage CP content (Harris et al., 

1997, Harris et al., 1998, Roca-Fernández et al., 2016). In addition, the inclusion of legumes within a 

sward can help maintain CP levels with young legume sward having CP concentrations up to 22% 

and only declining to 13%, which is significantly higher than the typical CP concentrations of grasses, 

ranging from 17% to 8% at similar stages of maturity (Steen, 1996). 
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Although CP has been linked to improved DMI and animal performance, high levels of CP within 

dairy cow diets are associated with excess nitrogen excretion which often leads to environmental 

issues (Sinclair et al., 2014). In addition, high levels of CP in the diet can impact animal health. 

Manson and Leaver (1988) reported animals fed higher levels of CP exhibited a higher locomotion 

score and a greater number of clinical cases of lameness. Furthermore, these authors reported 

condition score and LW were negatively correlated with locomotion score thus further impacting 

the animals’ health and welfare. The level of CP offered in the diet should be monitored to optimise 

DMI, however, excess CP in the diet needs to be limited to protect animal health and the 

environment. Future research should develope additional strategies for managing with the large 

variations in CP content of fresh grass.   

1.4.2 Impact of environmental conditions 
Climatic and meteorological conditions can influence a number of factors within a pasture based 

systems including; grass growth, herbage quality, grazing conditions, animal behaviour, DMI and 

ultimately animal performance (Wingler and Hennessy, 2016, Hurtado-Uria et al., 2013, Martinsohn 

and Hansen, 2012). Current predictions indicate that due to climate change more extreme weather 

patterns will occur (Wheeler and Lobley, 2021). Whilst, these events are largely out of our control 

understanding their impact within pasture based systems will assist in the development strategies 

to deal with the negative consequences of extreme weather conditions.   

1.4.2.1 Impact on herbage quantity and quality  

Northern Irelands’ temperate climate creates the opportunity to grow large quantities of grass 

creating a competitive advantage to produce a low cost feed, compared to many other regions with 

dissimilar climates. Temperature is one of the main environmental determinants of grass growth. 

Grass growth will occur at a minimum temperature of 5°C, however incremental increases in grass 

growth can be observed with temperatures up to 20°C (Hopkins and Wilkins, 2006). Temperature 

can influence many physiological and growth functions of PRG including photosynthesis, respiration, 

heading date and senescence. Therefore, variations in temperature remain a major limitation within 
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pasture based systems resulting in seasonal and yearly variations in herbage production and quality 

(Laidlaw et al. 2006). Furthermore, higher ambient temperatures increases the rate of plant 

development reducing leaf to stem ratio (Buxton, 1996). Consequently, reducing plant digestibility 

and animal performance. 

Similarly, rainfall is an important aspect within pasture based systems, plants need an adequate 

supply of water for photosynthesis. Although, high levels of rainfall can result in waterlogging 

consequently limiting root water uptake by inhibiting respiration (Allen et al. 1998). Conversely, a 

lack of rainfall has been shown to send the plant into water stress, having a profoundly negative 

effect on herbage production (Han et al., 2003). Irrigation of swards has shown to result in 

considerable benefits in herbage production, reducing variability in production both within and 

between years (Han et al., 2003). Although there is little interest in irrigation systems currently 

within Northern Ireland, with increasing periods with little or no rainfall these systems may become 

economically viable and required in areas that are experiencing a greater number of drought 

periods.  

In addition, the combined environmental impact of rainfall, ambient temperature, solar radiation 

and humidity can potentially impact factors such as DM content of the grazing sward. As 

aforementioned, maximum DMI can be achieved when grass DM content is between 24-28% 

however in temperate climates similar to Northern Irelands herbage fails to achieve this target 

(Duckworth and Shirlaw, 1958). The impact of surface water and internal water (potentially 

impacted by weather e.g. rainfall, solar radiation) on plant DM content was discussed above (4.1.1 

dry matter content). On the other hand, grass under water stress may reduce its leaf content and 

seek to produce seed heads, thereby suffering a more rapid decrease in herbage dry matter (DM) 

digestibility and ultimately reducing the nutritional content of the grazing sward (Han et al., 2003). 

Whilst more extreme events are predicted including droughts and heavy periods of rain but within 

the UK, not all effects associated with climate change are negative, opportunities exist for increased 
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grass productivity in some regions (Ritchie et al., 2019). Additionally, a warmer, drier climate may 

offer the opportunity to introduce certain crops that were previously only marginally viable within 

the UK (Morison and Matthews, 2016) 

1.4.2.3 Impact on animal intake, performance and behaviour 

To date limited research has investigated the direct impact of weather on the lactating dairy cow 

however studies have investigated the impact of factors such as heat stress. The thermal neutral 

range for lactating dairy cows typically ranges between -5 and 25 °C, within this range dairy cows 

require no additional energy above maintenance to cool or heat their body (Avendaño-Reyes, 2012). 

Above this range animals can experience heat stress. This occurs when the animal is unable to 

dissipate sufficient heat to regulate and maintain their body temperature (West, 2003). Further 

studies have similarly reported temperatures above 25 °C (Berman et al., 1985, West, 2003) and 

temperature and humidity index (THI) that exceed 72 (Polsky and von Keyserlingk, 2017) are known 

to cause heat stress in lactating dairy cows. In agreement, Berman et al. (1985) suggested the upper 

limit for air temperatures at which Holstein cattle may maintain stability of body temperature is 

between 25 °C and 26 °C. The impact of heat stress the on lactating dairy cows has been well 

documented, resulting in decrease in DMI and subsequently a 24 to 48 hour delayed decrease in 

milk production (West, 2003, Von Keyserlingk et al., 2009). West et al. (2003) observed this effect in 

Holstein cows with DMI decreasing by 0.85 kg for each degree Celsius increase in the average daily 

air temperature. Furthermore, this study witnessed dairy cows decreased their daily milk yield by 

0.88 kg per THI unit increase (48 hour delay of daily mean THI). In addition, Moallem et al. (2010) 

suggested that the primary negative effect of heat stress was a reduction in rumination time, as heat 

stress reduces rumen activity and motility (Attebery and Johnson, 1969, Silanikove, 1992), resulting 

in a reduction in DMI and milk yield. This effect of reduced rumination activity was similarly 

witnessed with increasing air temperatures above 27 °C Acatincăi et al. (2009). The effect of heat 

stress are more likely to impact high-yielding Holstein cows relative to lower-yielding dairy breeds 

such as Brown Swiss (West et al., 2003, Correa-Calderon et al., 2004). This is due to a combination 
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of factors including Holsteins tend to be larger, have thicker skin hindering heat loss (Alfonzo et al., 

2016), furthermore these animals have greater DMI associated with greater metabolic heat 

(Kadzere et al., 2002). Management methods such as offering shade and sprinklers can reduce 

respiration rate and body temperature in dairy cows and can therefore potentially reduce the 

impact of heat stress on lactating dairy cows (Kendall et al., 2007). To date limited research has 

investigated the impact of environmental conditions on animals in temperate regions where the 

likelihood of conditions that cause heat stress are infrequent.  

Tucker et al. (2008) observed a positive relationship between lying time and air temperature. The 

contrasting results Ravagnolo and Misztal (2002) reported are likely due to the lower temperatures 

within this study that animals are not experiencing any thermal discomfort. Additionally, Tucker et 

al. (2008) observed dairy cows exposed to wet weather conditions stood for prolonged periods, 

resulting in lower than normal lying time. Hendriks et al. (2019) study further confirmed this effect 

on dairy cows with decreased lying times as a result of increased levels of rainfall. This effect was 

further witnessed with dairy heifers that stood continuously for almost 24 hours when exposed to 

wet and windy weather (Kiernan, 2004). Indeed, animals have shown a preference (P=0.015) to 

spend more time indoors on days when it rains (Charlton et al., 2011). Contrastingly, O’Driscoll et 

al. (2009) observed no difference in animals offered shelter in cubicles or on a feed pad or animals 

without shelter on a feed pad; however, this study highlighted recording periods of animal 

behaviour coincided with unseasonably dry weather. In addition, as formerly highlighted (4.1.1 dry 

matter content) environmental conditions can impact nutritional factors in the sward including DM 

content further influencing animal behaviour, DMI and performance.  

1.4.3 Conclusions 
Total confinement systems allow for greater control over the environmental effects however as 

previously discussed increasing the quantity of grass in the diet of dairy cows is key in maximising 

Northern Ireland’s competitive advantage to produce and offer a low cost feed. However, with 

increasing extreme weather events occurring this may cause difficulty in managing animals within 
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these system. Within the literature there is a clear knowledge gap surrounding the impact of 

environmental conditions on the DMI and behaviour of lactating dairy cows within temperate 

regions. Understanding how animals alter their behaviour will assist in the development of 

strategies to maintain DMI and performance in unfavourable weather conditions. 

 

1.5 Animal behaviour in grazing systems   

1.5.1 Benefits of recording animal behaviour 

1.5.1.1 Activity  

Animal activity monitors have been available commercially for a number of years, assisting in 

monitoring and managing the health and fertility of ruminants, through recording animal activity 

including daily lying and standing time, number of steps and the frequency of these events.  

Research has identified correlations with animal activity and lameness Ito et al. (2010) reported 

animals that displayed longer lying times and longer lying bouts were associated with increased 

likelihood of lameness. Westin et al. (2016), similarly, observed lame cows increased their lying time 

(+0.6 h/d) in fewer bouts compared to non-lame animals, as dairy cows often increase lying time as 

a mechanism to alleviate pain (Juarez et al., 2003). Mazrier et al. (2006), research further confirmed 

the benefits of recording animal activity, reporting 92% of cows that developed clinical lameness 

exhibited a 15% decrease in pedometer activity several days prior to the onset of clinical lameness. 

Thus highlighting the benefit of monitoring activity for the earlier detection of lameness within dairy 

herds. However, a study observing a large number of animals reported large variations in individual 

animal activity within herds, thus this study concluded minimum and maximum thresholds of 

activity could not be set to indicate lameness and health issues. Alternatively, deviation from the 

animals normal daily activity should be used as an indicator (Alsaaod et al., 2012).  

In addition, dairy cow activity can be a key indicator of animal fertility. Dairy cows noticeably 

increase their physical activity during oestrous, the number of steps taken per hour by a cow is 

approximately two to four times higher during oestrus relative to diestrus (Jónsson et al., 2011). A 
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number of additional studies have confirmed this behaviour reporting dairy cows increase activity, 

reduce resting time and reduce the number of lying bouts on the day of behavioural oestrus (Roelofs 

et al., 2005, Zebari et al., 2018, Roelofs and Van Erp-van der Kooij, 2018), highlighting the potential 

use of monitoring animal activity to assist in identifying dairy cow fertility and oestrus behaviour. 

Within commercial systems, activity monitoring has allowed for the improved prediction of 

ovulation relative to solely visual observations, therefore improving pregnancy rates (Roelofs and 

Van Erp-van der Kooij, 2018). Lastly, research has highlighted that the time dairy cows spend lying 

down is an important indicator of dairy cow welfare (Haley et al., 2000). 

1.5.1.2 Feeding and ruminating behaviour 

Feeding behaviour can also be an indicator of health and welfare in dairy cows (Werner et al., 2018). 

González et al. (2008) reported animals responded to pain through altering feeding activity; pain 

was exhibited by animals through gradual increase in feeding rate and consuming similar amounts 

of feed however over shorter periods. Rumination activity in lactating dairy cows has been shown 

to decrease with stress or disease, therefore rumination activity can also indicate animal health 

(Beauchemin, 1991b, Herskin et al., 2004, Schirmann et al., 2009). This effect is confirmed with a 

reduction in daily feeding and rumination time reported in dairy cows with metritis (Urton et al., 

2005, Steensels et al., 2017) and ketosis (Goldhawk et al., 2009, King et al., 2018).  

Changes in feeding behaviour can also indicate factors such as forage quality ingested (feed 

digestibility, NDF content etc) and forage allowance (Beauchemin, 1991b, Welch and Smith, 1970). 

Indeed, increasing NDF content of the diet has been positively associated with rumination time 

(Beauchemin et al., 1994). In addition, restriction of feed can impact rumination activity; Gregorini 

(2012) reported a significant (P=0.038) decrease in daily rumination time when animals were 

restricted to one eight-hour grazing period compared to animals offered full access to pasture or 

animals offered two four-hour periods of access. Thus, automatic recording of feeding activity can 

potentially indicate feed quality and quantity consumed, therefore creating the potential to 

facilitate management decisions and subsequently improve animal welfare.  
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1.5.2 Previous recording of animal behaviour 
The benefits of monitoring animal behaviour have been well known within both research and 

commercial systems, as changes in animal behaviour can indicate levels of health, fertility and 

welfare in dairy cows. However, previously recording animal behaviour has been a laborious and 

time consuming process. Traditionally researchers have monitored behaviour through visual 

observations (Phillips and Rind, 2001b, Couderc et al., 2006) or video recording methods (Schirmann 

et al., 2009, Lindström et al., 2001). A further disadvantage with these methods is typically only a 

few cows can be monitored at any one time due to high labour requirements associated with these 

monitoring methods. Therefore,  these methods often fail to reflect and understand individual 

animal behaviour and animal dynamics within the dairy cow herd (Schirmann et al., 2009). In 

addition, monitoring behaviour through visual observations or video recording methods, are often 

difficult within grazing systems due to limited daylight hours, therefore recording is often not 

conducted during the hours of darkness (Delagarde and Lamberton, 2015). Monitoring animal 

behaviour for short periods within daylight hours may inaccurately represent the animals’ daily 

feeding behaviour and possibly fail to observe diurnal feeding trends. Lastly, a further disadvantage 

of monitoring animal behaviour through visual or video aids is that often these methods are 

subjective and open to observer interpretation (Weary et al., 2009). Indeed, individual animal 

locomotion scoring is time-consuming and subjective method for assessing lameness in a herd. 

Winckler and Willen (2001), assessed locomotion scoring through visual observations; three 

observers conducting the scoring differed in almost one third of scores allocated to cows, 

highlighting the impact of human subjectiveness in relation to animal behaviour.  

Furthermore, visual observations and recording are often carried out irregularly and infrequently. 

CAontinuous monitoring of animal behaviour may assist in the earlier identification of health and 

welfare issues. Although these methods, particularly visual observations, have been commonly used 

within commercial dairy farms, the practicality of applying these methods becomes increasingly 

difficult with ever increasing herd size and shortage of skilled workers available (Thomas et al., 
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2019). The greater availability and reliability of commercially available sensors to monitor individual 

animal behaviour may assist in overcoming these challenges.  

1.5.3 New technologies  
The benefit of monitoring individual animal behaviour has been well acknowledged in the literature 

presented. Indeed, these benefits are driving further research and development of technologies 

capable of automatically monitoring individual animal feeding behaviour and activity.  

The IGER recording system was one of the first monitoring systems developed to identify grazing 

and ruminating behaviour in dairy cows. This system consisted of a noseband sensor that measured 

jaw movement by electrical resistance (Rutter et al., 1997). However, the major disadvantage with 

this system is the maximum recording period was 24 hours and the analysis of the data via the 

accompanying software was very laborious and did not provide continuous record of animal 

behaviour (Rutter, 2000). In recent years, a number of feeding behaviour recorders have been 

developed for both commercial and scientific use. Systems such as the RumiWatch System (RWS; 

Itin and Hoch, Switzerland) were developed specifically with a research focus to monitor a large 

number behavioural parameters and at a high frequency level. This system was initially validated 

for animals in confined systems (Zehner et al., 2012), however in recent years studies have validated 

the RWS for the recording of animal behaviour in grazing systems (Werner et al., 2018). Research 

has observed a high level of accuracy with the RWS in recording ruminating, grazing, standing and 

lying behaviour, suggesting the RWS could be used as a benchmark to validate and determine the 

accuracy of new technologies (Pereira et al., 2021b).  

The development of sensors now allows for the continuously delivery of real-time animal behaviour 

without disturbing the animals natural behaviour (Müller and Schrader, 2003). Whilst the use of 

sensors has changed over the last few decades, the effectiveness of the information will change 

dramatically with the integration of data from multiple sources, to help provide accurate data-driven 

decision support tools for farmers (Lyons et al., 2016).  
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1.5.4 Energy expenditure whilst obtaining nutrients  
A neglected factor that is often overlooked in studies of dairy cow nutrition and production is the 

proportion of energy spent on feeding activities. Grazing is a process that requires a great amount 

of energy relative to animals eating forage indoors. However, often a factor not considered when 

implementing a management systems is the proportion of energy required to support feeding and 

movement activities. Literature has associated a high level of energy expenditure with grazing 

activity (Kaufmann et al., 2011), therefore limiting the proportion of ingested nutrients available for 

production. In sheep, it is estimated 40% of maintenance energy needs could be attributed to 

standing and eating (McCGraham, 1964). With dairy cattle, research has suggested maintenance 

energy requirements could be between 25 - 50% greater with animals outdoors grazing fresh 

herbage compared to animals fed TMR indoors, due to the greater time spent foraging and greater 

energy spent digesting bulky herbage (Osuji, 1974). Dohme-Meire 2004, reported this increase in 

energy expenditure is a result of an increase in time spent eating (P<0.001) and walking (P<0.001) 

with grazing animals expending 19% more energy (P<0.001) relative to animals zero-grazing. 

However this study only monitored a six hour daily period of animal behaviour. This may not be 

suffice to represent daily behaviour (Dohme Meier et al., 2004). Although this area of research is 

relatively limited, understanding variations in energy utilisation in different management systems 

will aid the development of recommendations to maximise efficient animal production in differing 

management conditions.  

1.5.5 Conclusions  
The literature has clearly identified the benefit of monitoring individual animal behaviour, as an 

important non-invasive method for early detection of illness and disease in ruminants. However, to 

date limited research has investigated the impact of management strategy and environmental 

conditions on animal grazing behaviour. Understanding and developing management systems that 

support efficient behaviour may create opportunity to improve animal productivity, as more energy 

is available for productive purposes.  
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1.6 Implications for improving efficiency in dairy grazing systems  
The benefits associated with pasture based systems have been highlighted throughout this 

literature review. For Northern Ireland’s dairy industry to compete within a global market dairy 

farms will need to maximise their competitive advantage through the ability to grow and feed a low 

cost forage such as grass. The literature presented highlights a number of factors that impact the 

nutrient consumption (DMI and quality of feed consumed) within dairy grazing systems. However, 

further understanding the impact of management strategy and environmental conditions on 

individual animal DMI, performance, behaviour and the overall system production efficiency within 

pasture based systems will support the development of management strategies to enhance the 

productivity and sustainability of pasture-based dairy systems in Northern Ireland in the future.  

This thesis consists of a series of studies which aim to understand impact of novel grazing and herd 

management techniques and the effect of variable weather conditions on animal behaviour, and 

ultimately the impact these factors have on animal productivity. The aim of these studies is to 

identify management strategies to support efficient pasture based systems for high-yielding dairy 

cows.  

Specifically, this thesis addresses four key knowledge gaps. The objectives were to understand: 

1. The effect of herbage allocation frequency on herbage utilisation and the performance of 

high-yielding dairy cows. 

2. The effect of herbage allocation frequency on the grazing and ruminating behaviour of high-

yielding dairy cows and the interaction effect with parity.  

3. The effect of pre-mowing on herbage utilisation, milk production and behaviour of high-

yielding dairy cows. 

4. Exploring the potential of animal behaviour monitors to measure individual animal dry 

matter intake and aid in understanding the impact of weather in temperate environments 

on dairy cow behaviour 
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2.1 Abstract 

Herbage allocation frequency (HAF) can influence herbage availability and grazing behaviour, which 

subsequently may impact on animal performance. Limited research to-date has investigated grazing 

management methods to improve the performance of high production dairy cows whilst also 

achieving high herbage utilisation rates. This study evaluated the effect of three different HAF’s (12, 

24 and 36 hour (h)) on herbage utilisation, the performance of high-yielding dairy cows and the 

interaction with parity. The experiment included two 60-day periods, 90 spring calving dairy cows 

(27 primiparous animals) in period one and 87 (24 primiparous animals) in period two. The average 

pre-grazing sward height (11.4 cm) was similar for all treatments in both periods. In period one, 

herbage utilisation rate was significantly higher (8%) in the 36h compared to the 12h treatment. In 

period two, milk energy output was significantly greater for primiparous animals in the 36h 

treatment relative to the other treatments. 
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2.2 Introduction 

Efficient grassland utilisation is a key driver of long-term sustainability in dairy production systems 

in temperate environments across the globe (Dillon, 2006). Increasing the proportion of grazed grass 

in dairy cow diets has been associated with both environmental (O’Brien et al., 2012) and economic 

(Dillon et al., 2005) benefits while meeting a growing consumer demand for grass-fed dairy produce 

(Schuppli et al., 2014). Whilst research has highlighted the potential of lactating dairy cows to 

consume up to 17 kg dry matter (DM)/cow/day (d)) on herbage only diets (Kennedy et al., 2003), 

achieving this high level of dry matter intake (DMI) from grazed grass can be challenging and 

requires the effective management of both the plant and animal in response to varying climatic 

conditions. Within dairy cow grazing systems there are a number of factors which influence DMI, 

and considerable research has been undertaken to develop appropriate sward and animal 

management strategies to facilitate high DMI. For example, increasing herbage allocation per cow 

has been identified to increase animal DMI in both low and high feed supplementation scenarios 

(Bargo et al., 2002b, McEvoy et al., 2008, Kennedy et al., 2008a, Dale et al., 2018). However, this 

management approach is often associated with a reduction in herbage utilisation which can reduce 

the cost-effectiveness of the system and negatively impact longer-term grass DMI and consequently 

animal performance, limiting the use of this approach on commercial farms. 

Animal grouping strategy is another key component within the animals feeding environment, which 

can influence feeding behaviour and subsequently DMI (Grant and Albright, 2001). Within their 

groups, dairy cattle form a hierarchy through dominance establishment (Hussein et al., 2016a). 

Dominance in dairy herds is predominately positively correlated to live weight (LW) and lactation 

number (Phillips and Rind, 2002b, Sołtysiak and Nogalski, 2010, Hussein et al., 2016a), resulting in 

primiparous animals generally being classed as subordinate. Krohn and Konggaard (1979) found 

grouping subordinate primiparous animals separately within an indoor environment increased their 

DMI by 20% and subsequently increased milk production. Although grouping primiparous animals 

separately from multiparous animals may support improved performance and health (Krohn and 



 

67 
 

Konggaard, 1979), limitations on labour and infrastructure often make this impractical in grazing 

scenarios on commercial farms. Therefore, grazing herds regularly encompass animals of different 

parities and production levels, and consequently varying energy demands are common. 

To ensure the cost-effectiveness and long-term sustainability of grazing systems for high-yielding dairy 

herds, there is a need to develop new management strategies which can facilitate high levels of 

herbage DMI whilst simultaneously maintaining herbage utilisation. Such strategies must be able to 

achieve these outcomes within mixed-parity herds, where individual cow energy demands are 

variable, and herd hierarchy can negatively affect the performance of primiparous subordinate cows. 

Herbage allocation frequency is a management strategy which to-date has received relatively little 

attention in grazing systems. This approach creates short-term differences in both grass availability 

and inter-animal competition for resources, potentially impacting grazing behaviour and herbage 

DMI. Previous indoor studies have found reducing the feeding frequency of a total mixed ration 

(TMR) from five times to once daily (Mäntysaari et al., 2006) and from once daily to alternative day 

feeding (Phillips and Rind, 2001a), resulted in an increase in DMI and subsequently improved animal 

performance due to reduced disruption to the animals natural feeding pattern. However, previous 

literature on HAF has been inconsistent. In an initial experiment, Dalley et al. (2001) observed 

reducing HAF from six to one daily allocation improved milk yields of lactating dairy cows, however, 

a subsequent experiment observed milk yields were similar for animals offered one or six daily 

herbage allocations. In contrast, Abrahamse et al. (2008) observed reduced animal performance 

through a lower milk yield when HAF was reduced from one daily allocation to offering fresh herbage 

every four days. Within commercial intensive dairy grazing systems, fresh herbage is conventionally 

allocated either once or twice daily post milking. Although research has investigated very high 

frequency (Dalley et al., 2001) and low frequency (Abrahamse et al., 2008) allocations, HAF’s 

typically used within commercial farming systems are seldom investigated in research trials. In 

addition, studies to date where the experimental treatment was variable HAF have offered animals 
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higher herbage allowances (>40 kgDM/cow/d) than would be allocated in commercial settings 

(approx. 15–20 kgDM/cow/d) resulting in high post-grazing sward heights, and limiting the inter-

animal competition for resources often witnessed in intensive grazing systems on commercial farms, 

and resulting in poor herbage utilisation rates. 

Hence, the objective of this study was to assess the impact of frequency of fresh herbage allocation 

within typical commercial practices on herbage utilisation efficiency, the performance of high-

yielding lactating dairy cows and the interaction between HAF and animal parity group. 

2.3 Materials and Methods 

The experiment was conducted at the Agri-Food and Biosciences Institute (AFBI), Hillsborough, 

Northern Ireland (54°27′ N; 06°04′ W) during summer 2018. Experimental procedures in this study 

were conducted under an experimental license granted by the Department of Health, Social Services 

and Public Safety for Northern Ireland in accordance with the Animals Scientific Procedures Act 

1986. 

2.3.1 Experimental Design 

The experiment consisted of two experimental periods both lasting sixty days: period one (P1; 11 

May–10 July) and period two (P2; 11 August–10 October). Experimental animals were housed full-

time for 25 days (11 July–5 August; non-experimental period) due to a prolonged period of low 

rainfall that resulted in a shortage of grass on the experimental areas. Weather conditions were 

measured on site using a Davis Vantage PRO 2. Accumulated monthly rainfall recorded at the 

experimental site was less than the five-year average (Table 2.1). During June and July 2018 at the 

experimental site average daily hours of sunshine were greater compared to the five-year average. 

Similarly, average temperature was higher in May, June, July and August during 2018 relative to the 

average for the previous five years. Contrastingly, average temperature was lower in 2018 in 

September and October compared to the five-year average between 2013 and 2017 (Table 2.1).  
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Table 2.1 Rainfall, sunshine hours and average temperature at the Hillsborough site during 2018 

and for during previous five years (2013–2017). 

 

Rainfall May June July August September October 

5-year average (mm) 67.9 69.3 75.7 110.4 55.7 108.2 

2018 (mm) 34.4 24.2 66.4 72.4 34.4 50.0 

Sunshine       

5-year average (hours) 6.4 5.4 5.9 5.2 4.3 3.4 

2018 (hours) 6.3 8.0 6.6 4.3 3.1 3.6 

Temperature       

5-year average (°C) 10.7 13.4 14.8 14.2 12.5 10.0 

2018 (°C) 11.8 14.8 15.8 14.4 11.5 9.2 

 

 

Prior to the experiment a power calculation was conducted to determine the minimum number of 

animals required for the study (n= 22), furthermore animal group size within the current study was 

greater than previous studies investigating the effect of frequency of pasture allocation (Dalley et 

al., 2001, Verdon et al., 2018). Ninety spring calving dairy cows comprising of 66 Holstein cattle and 

24 Holstein × Jersey crossbred animals were allocated to one of three treatment groups. Each 

treatment group (n = 30) consisted of nine primiparous and 21 multiparous animals, mean calving 

date and lactation number for all treatments was the 4 of February (standard deviation (s.d)., 18.3 

d) and of 2.4 (s.d., 1.31), respectively. Multiple animal breeds were required within the study to 

obtain sufficient animal numbers however to reduce variability groups were balanced for breed. In 

addition, treatments were balanced for pre-experimental milk yield [mean 37.2 kg/cow/d, (s.d., 7.87 

kg)], LW [mean 606 kg, (s.d. 62.1 kg)], body condition score (BCS) [mean 2.42, (s.d., 0.157)], milk 
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predicted transmitting ability (PTA) [mean 200 kg, (s.d. 141.9 kg)] and kilograms of fat plus protein 

PTA [mean 26.3 kg, (s.d. 7.09 kg)]. Balanced groups were assigned to one of the three herbage 

allocation treatments; allocated fresh herbage every: 12hours (h), 24h or 36h. The 12h treatment 

offered fresh herbage after every milking, the 24h treatment offered fresh herbage daily post 

evening milking and the 36h treatment offered fresh herbage after every third milking.   

Animals grazed part time from 12 April and commenced full time grazing on 22 April. Animals were 

divided into their treatment groups on 4 May and had a seven-day adaption period prior to 

measurements starting. 

Throughout the grazing periods animals were offered a concentrate (Table 2.2) twice daily during 

milking via individual concentrate feeders. During period one concentrate was allocated at a rate of 

4.5 kg/cow/d fresh weight (FW) and 6 kg/cow/d FW, for primiparous and multiparous animals, 

respectively. During period two animals were allocated 5 kg/cow/d FW and 6.5 kg/cow/d FW for 

primiparous and multiparous animals, respectively. Grazing concentrates offered throughout the 

study had a mean crude protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF), ash 

and gross energy (GE) concentrations of 187 (s.d., 3.0), 159 (s.d., 3.7), 321 (s.d., 11.3) and 75.8 (s.d., 

1.59) g/kgDM and 18.4 (s.d., 0.05) MJ/kgDM, respectively. 
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Table 2.2 Formulation of grazing concentrate offered. 

Concentrate Ingredient Quantity g/kg FW 

Soya hulls 187 

Maize meal 160 

Wheat 150 

Hi-Pro soya bean meal 125 

Rape seed meal 90 

Molaferm 70 

Distillers grain 60 

Pollard 57 

Minerals/vitamins 41 

Citrus-pulp 40 

Rumen protected fat 20 

 

 

During the non-experimental period animals were housed in their treatment groups and offered 

common levels of silage and concentrates. Animals remained in the same treatment groups during 

P2 however, one Holstein parity one animal was removed from each group (n = 29) due to an ill 

health animal and to ensure treatment groups remained balanced. Treatments groups had a mean 

milk yield of 27.6 kg/cow/d (s.d., 7.40 kg) and a mean of 2.5 lactations (s.d., 1.30) prior to P2 

commencing. Once full-time grazing occurred (5 August) all silage was removed from the diet. 

2.3.2 Grazing Management 

Prior to the experiment commencing all swards were grazed and received 34.5 kg of nitrogen (N)/ha 

as urea. The primary experimental area consisted predominately of PRG swards with an average age 

of five years. The soil type was a slightly gleyed sandy clay-loam (48% sand, 31% silt and 21% clay) 
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overlying Silurian shale (greywacke) till. To account for any geomorphological variation across the 

experimental area the total area was subdivided into blocks. A total grazing area of 15.12 ha and 

17.64 ha was subdivided into six primary grazing blocks and seven primary grazing blocks, each 2.52 

ha in size, in P1 and P2, respectively. Each block consisted of three 0.84 ha plots with each plot 

comprising of either: six 12h paddocks (0.14 ha each), three 24h paddocks (0.28 ha each) or two 36h 

paddocks (0.42 ha each; Figure 2.1). Plots were randomly allocated within the blocks and animals 

grazed in as close proximity as possible. Animals grazed paddocks in a sequence, once paddocks 

were grazed, they were then rested for a number of days, this is known as rotational stocking 

system. Fertiliser in the form of calcium ammonium nitrate (CAN) was applied after each 

experimental grazing with 41 kgN/ha in rotation one, 35 kgN/ha in rotation two, three and four, and 

29 kgN/ha in rotation five and six. Grazing blocks were sown on the same day with a total of 204 

kgN/ha applied during experimental period. Fertiliser was pre-weighed for each individual paddock 

prior to application by a tractor mounted fertiliser distributer (Vicon, St Helens, UK). 

Grass was allocated at a rate of 15 kgDM/cow/d throughout the study. Target pre and post grazing 

heights across all treatments were 10.5 cm (equivalent to 3200 kgDM/ha) and 4.4 cm (equivalent to 

1700 kgDM/ha), respectively. Animals in the 24h treatment were offered fresh herbage after 

afternoon milking. The 12h treatment were offered fresh herbage after both morning and afternoon 

milking while fresh herbage was offered after alternating morning and afternoon milkings for the 

36h treatment. There were four complete rotations in P1 and three in P2. Three primary blocks were 

topped in P1 after rotation four and four primary blocks were topped in P2 after rotation one using 

a disc mower (Lely, Splendimo 320, Maassluis, NL, USA) to a height of approximately 4.0 cm to 

maintain sward quality. Plots within blocks were topped on the same day. If post grazing targets 

were not met non-experimental animals were used to graze these areas in the immediate 24 h 

period following the grazing by experimental animals. 
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Figure 2.1 Diagram of 72 hour grazing block with six 12h (0.14 ha), three 24h (0.28 ha) and two 36h 

(0.42 ha) paddocks. 

 

2.3.3 Sward Measurements 

Pre- and post-grazing herbage heights were determined using rising plate meter (RPM; Jenquip EC10 

Electronic Platemeter, Feilding, New Zealand) for each paddock. Measurements were taken in a ‘W’ 

formation across each paddock with 20, 40 and 60 measurements for the 12h, 24h and 36h 

treatments, respectively. Herbage utilisation was expressed as the ratio of herbage consumed to 

herbage available (above 4.0 cm) calculated using the following equation: 

 

𝐻𝑒𝑟𝑏𝑎𝑔𝑒 𝑢𝑡𝑖𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛 =  
𝑃𝑟𝑒 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑐𝑚) − 𝑃𝑜𝑠𝑡 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑐𝑚)

𝑃𝑟𝑒 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑐𝑚) − 4.0
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Additionally, a representative pre-grazing sward sample was harvested twice a week from each 

treatment using electric hand shears (BOSCH, Sebnitz, Germany), cut to a height of 4 cm. Samples 

were harvested from the appropriate paddocks immediately prior to grazing. Near infrared 

spectroscopy (NIRS) analysis determined DM content, crude protein (CP), water soluble 

carbohydrate (WSC), acid detergent fibre (ADF) and metabolisable energy (ME) of the sample using 

the methodology described by Park et al. (1998) for grass silage, with a fresh grass calibration 

equation. Concentrate samples were collected weekly and bulked for each two consecutive weeks. 

Bulked samples were oven dried at 60 °C for 48 hours and subsequently analysed for ADF, NDF, ash, 

nitrogen N, gross energy (GE) and starch concentration by standard wet chemistry analytical 

techniques as described by Dale et al. (2018). 

2.3.4 Animal Measurements 

Cows were milked twice daily, between 05.30 and 07.30h, and 15.00 and 17.00h. Individual cow 

milk yields (kg) were recorded at each milking. Milk fat, protein and lactose contents were 

determined weekly from milk samples collected during two consecutive milkings each week. Milk 

samples were analysed using an infrared milk analyser (Milkoscan Model 605; Foss Electric, Hillerod, 

Denmark). Weighted milk composition for the 24 h period was determined using the average daily 

milk yield of the previous seven days. Milk energy concentrations (MJ/kg) were calculated using the 

equations of Tyrrell and Reid (1965). In addition milk energy output alternatively referred to energy 

corrected milk yield (ECM) was calculated using milk energy concentrations. 

 

Milk energy (MJ) = (fat (%) × 0.0384) + (protein (%) × 0.0223) + (lactose (%) × 0.0199) – 0.108 

 

Milk energy output (MJ/cow/day) = milk energy content × average daily yield for previous 7 days 
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Individual animal LW was recorded after each milking using an automatic weigh bridge (BioControl, 

Rakkestad, Norway). Body-condition score (BCS) was estimated fortnightly using a five-point body 

condition scoring system (Edmonson et al., 1989). Change in LW and BCS over the course of the 

experiment were calculated as the difference between the final and initial values. 

2.3.5 Statistical Analysis 

Due to constraints on grazing infrastructure and animal numbers available for the experiment, it 

was not feasible to establish replicated groups within each grazing treatment. Therefore, individual 

animals were used as the experimental unit for statistical analysis, as has been the case for similar 

studies (Dale et al., 2018, Verdon et al., 2018). Although there is ongoing discussion around using 

individual animals as replicates in grazing experiments (Iason and Elston, 2002), it has also been 

demonstrated that the use of multiple smaller replicate groups may not be appropriate when study 

results are likely to be impacted by changes in grazing behaviours, as small groups of animals behave 

differently to larger groups (Rind and Phillips, 1999) which are found in the commercial systems for 

which the results of this study would apply. 

During P2, data from one primiparous animal was excluded from the results due to a chronic illness. 

In addition, two primiparous animals were removed from their treatment groups during this period 

and replaced with animals of similar milk yield, parity and live weight in order to maintain balanced 

groups. 

Data was analysed using Genstat (Genstat Sixteenth Edition, Lawes Agricultural Trust, Rothamsted, 

UK). Data from each period was analysed separately. Mean weekly milk yields, fat concentrations, 

protein concentrations, fat plus protein yield and ECM yield were analysed using a linear mixed 

model methodology with a repeated measures design to take account of correlations in individual 

animal measurements made at the various time points (Purcell et al., 2016). The restricted 

maximum likelihood (REML) estimation method was used to fit all effects in each model and the 

correlation between time points assessed with an antedependence model of order 1. The individual 
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animal was fitted as a random effect in the models with week of measurement fitted as the time 

factor. The individual effects of week, parity group and treatment together with their interactions 

were fitted as fixed effects in all models. Grass data was analysed using linear mixed model 

methodology using REML as the estimation method with block and plot within block fitted as 

random effects. The individual effects of rotation and treatment and their interaction were fitted as 

fixed effects. The adequacy of the models was assessed through visual inspection of the residual 

plots. In all cases if the overall model terms in the fixed effects were significant (P<0.05) two-tailed 

post-hoc tests were conducted between individual effects using the Bonferroni method for multiple 

comparisons.  

The objective of this study was to determine the effect of altering the frequency of fresh herbage 

allocation on grass utilisation, the performance of high-yielding dairy cows and the interaction effect 

of HAF and parity group. Other than imposing the three different frequencies of fresh herbage 

allocation, every effort was taken to ensure all groups were treated the same. 

2.4 Results 

2.4.1 Herbage Quality and Utilisation  

Pre-grazing sward height was similar for all treatments, with an average pre-grazing height of 11.6 cm 

and 11.3 cm in P1 and P2, respectively (Table 2.2). In P1, herbage utilisation rate was 8% lower in the 

12h HAF vs 36h HAF (P=0.018; Table 2.2). Correspondingly, there was a significant (P=0.046) effect of 

HAF on post-grazing sward height, with the 12h treatment exhibiting a post-grazing residual 0.8 cm 

higher relative to the 36h treatment. However, no significant differences in herbage utilisation or post-

grazing sward height were observed in P2. Frequency of fresh herbage allocation did not significantly 

influence mean pre-grazing chemical composition of the herbage in either period (Table 2.2). Although 

data from P1 and P2 were not statistically compared there were several notable differences between 

herbage quality in both periods. Average DM content was higher in P1 than P2, with an average DM 

of 200 g/kg and 160 g/kg respectively. In addition, grass WSC and ME content were 56 g/kgDM and 5 
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MJ/kgDM lower respectively, in P2 compared to P1. Average CP and ADF contents were 178 g/kg DM 

and 193 g/kgDM respectively in P1. Both components were higher in P2 with average concentrations 

of 193 g/kgDM and 310 g/kgDM for CP and ADF respectively (Table 2.2). 
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 Table 2.3 Effect of frequency of fresh herbage allocation on the mean chemical composition of the herbage on offer, pre- and post-grazing height and herbage 

utilisation efficiency in P1 and P2. 

 

12h = 12 hour allocations. 24h = 24 hour allocations. 36h = 36 hour allocations. 1DM, dry matter. 2CP, crude protein. 3ADF, acid detergent fibre. 4WSC, water 

soluble sugars. 5ME, metabolisable energy. Within a row means with different superscript letters differ at (P<0.05) as determined by Bonferroni post-hoc analysis. 

SED = standard error of differences. 

Sward factor 

Period 1   Period 2   

12h 24h 36h SED P-Value 12h 24h 36h SED P-Value 

Pre-grazing sward height (cm) 12.0 11.7 11.1 0.58 0.206 11.2 11.4 11.2 0.36 0.808 

Post-grazing sward height (cm) 5.5b 5.2ab 4.7a 0.34 0.046 5.2 5.2 5.2 0.23 0.947 

Utilisation efficiency 0.83a 0.85ab 0.91b 0.029 0.018 0.85 0.84 0.85 0.034 0.895 

Grass Quality:            

DM1 (g/kg) 205 196 199 5.2 0.092 159 159 162 4.0 0.907 

CP2 (g/kgDM) 175 177 182 4.9 0.426 193 193 193 6.6 0.744 

ADF3 (g/kgDM) 276 280 276 4.8 0.542 313 310 308 5.0 0.536 

WSC4 (g/kgDM) 156 152 152 4.2 0.327 96 100 94 5.4 0.709 

ME5 (MJ/kgDM) 11.5 11.5 11.5 0.08 0.892 10.9 11.0 11.0 0.09 0.501 
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2.4.2 Animal Performance 

Herbage allocation frequency had no effect on milk yield in either period, and average daily milk 

yield from all treatment groups was 28.8 and 22.2 kg/cow/d for P1 and P2, respectively (Table 2.3). 

However, daily milk yield in primiparous animals was significantly lower than multiparous animals, 

with a mean milk yield of 24.3 kg/cow/d and 33.4 kg/cow/d in P1, respectively (P<0.001). Similarly, 

in P2, daily milk yield of primiparous animals was significantly (P<0.001) lower than multiparous 

animals, with a mean milk yield of 19.4 kg/cow/d and 25.1 kg/cow/d, respectively. Interaction 

effects of treatment and parity (HAF × PG) were not observed for milk yield in either period (Table 

2.3). 

Significant treatment effects were not observed for milk fat or protein content as discrete 

measurements in either period (Table 2.3). However, in P1 there was a tendency for a higher milk 

fat plus protein yield at higher HAF’s (P=0.067), with means being the lowest in the 12 h HAF 

treatment within each parity. Primiparous animals in the 12h treatment produced a numerically 

lower milk fat plus protein yield, 4% and 6% less yield than the 24h and 36h treatments, respectively 

in P1 (Table 2.3). In P2, these trends were replicated and the between treatment differences were 

significant (P=0.012). The 12h treatment similarly exhibited the numerically lowest milk fat plus 

protein yield, producing −0.11 kg/cow/d less than the 36h treatment and −0.09 kg/cow/d less than 

the 24h treatment. In both periods, multiparous animals produced significantly greater milk fat plus 

protein yield relative to primiparous animals (P<0.001; Table 2.3). In addition, HAF × PG interactions 

were not observed for both milk fat plus protein yield in either period (Table 2.3). However, 

significant HAF × PG interactions for milk protein content were observed in P1 (P=0.043; Table 2.3). 

Primiparous animals in the 12h treatment produced milk with an average protein content 1.3 

g/kg/cow/day lower than primiparous animals in the 24h treatment (Table 2.3). Contrastingly, no 

significant HAF × PG interactions for milk fat or protein content were observed in P2, although both 

milk fat and protein content was numerically the lowest for the primiparous animals in the 12h 

treatment(Table 2.3). 
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Treatment effects were not observed for milk energy output in P1 and P2. However, in P2 HAF × PG 

interactions showed that milk energy output was significantly higher for primiparous animals in the 

36h treatment group producing on average 10.9 MJ/cow/d more than the other two treatments 

(P<0.001). Multiparous animals in the 24h treatment group exhibited the numerically highest milk 

energy output producing on average 4.7 MJ/cow/d more relative to the 12h and 36h treatments 

(Table 2.3), but this was not significantly different to the other treatment groups.  

Animals in the 24h treatment lost significantly more weight than animals in the 36h treatment in 

P1, by an average of 10.2 kg/cow (P=0.023; Table 2.3), this significance was not observed in P2. 

However, in P2, multiparous animals lost significantly more live weight relative to primiparous 

animals (P=0.002). Interactions of treatment × PG were not observed for change in animal live 

weight in either period, values for the primiparous and multiparous animals were −8.8 kg/cow and 

−8.1 kg/cow respectively for P1, and 4.8 kg/cow and -8.4 kg/cow respectively for P2.
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Table 2.4 Effect of frequency of fresh herbage allocation and animal parity on milk production, milk composition and animal live weight for P1 and P2. 

12h = 12 hour allocations. 24h = 24 hour allocations. 36h = 36 hour allocations. Within a row means are associated with treatment x parity interactions. Means 

with different superscript letters differ at (P<0.05) based on the Bonferroni post-hoc analysis for the effect highlighted in bold for the treatment parity 

interaction. SED = standard error of differences.

 Primiparous Multiparous 
SED 

   

Period 1 12h 24h 36h 12h 24h 36h Treatment Parity Treatment × Parity 

Milk yield (kg/cow/d) 25.0 24.1 23.7 33.5 34.3 32.4 1.52 0.339 <0.001 0.733 

Milk fat (g/kg) 38.7 41.3 42.8 39.8 40.5 39.7 1.29 0.466 0.059 0.060 

Milk protein (g/kg) 31.7 33.0 32.9 32.8 32.5 32.4 0.54 0.708 0.762 0.041 

Milk fat plus protein yield (kg/cow/d) 1.79 1.82 1.90 2.42 2.64 2.46 0.100 0.067 <0.001 0.126 

Milk energy output (MJ/cow/d) 82.2 82.4 84.1 101.9 102.8 100.8 3.3 0.843 <0.001 0.749 

Change in live weight (kg/cow) −6.3 −15.7 −4.7 −10.7 −11.9 −1.7 5.71 0.023 0.816 0.541 

Change in body condition score -0.21    -0.23 -0.11 -0.15    -0.21    -0.19 0.055 0.247 1.000 0.179 

Period 2           

Milk yield (kg/cow/d) 19.1 19.2 19.7 24.5 26.5 24.4 1.51 0.123 <0.001 0.326 

Milk fat (g/kg) 43.7 46.0 48.0 46.1 46.2 46.8 2.04 0.105 0.090 0.418 

Milk protein (g/kg) 36.5 36.6 37.7 38.3 37.3 38.4 1.14 0.630 0.092 0.463 

Milk fat + protein yield (kg/cow/d) 1.55 1.58 1.69 2.08 2.22 2.16 0.036 0.012 <0.001 0.407 

Milk energy output (MJ/cow/d) 71.2a 71.8a 82.4b 82.6b 86.8b 81.6b 2.98 0.120 <0.001 <0.001 

Change in live weight (kg/cow) 8.9 −5.2 10.6 −8.0 −8.6 −8.7 5.02 0.549 0.002 0.242 

Change in body condition score 0.00 -0.75 -0.10 -0.26 -0.29 0.10 0.045 0.673 0.102 0.113 
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2.5 Discussion 

2.5.1 Herbage Quality and Utilisation  

The high herbage utilisation efficiency (86%) observed during both periods of this experiment is 

reflective of an intensive grazing system, comparable to that of other studies offering similar 

herbage allowances (Kennedy et al., 2008a, McEvoy et al., 2008) and in commercial practice. In the 

present study the significantly lower post-grazing residual achieved with 36h allocations (4.7 cm) 

relative to 12h allocations (5.5 cm) resulted in a significantly higher herbage utilisation rate (8%)in 

the 36h treatment in . . As all treatment groups received an identical herbage allocation on a per-

day basis, it is assumed that a higher DMI within the 36h treatment caused the decrease in post-

grazing sward height. It is postulated that the higher relative herbage allowance offered in the first 

and second feed of the 36h treatment facilitated an increased DMI within these feeds, resulting in 

a higher overall DMI compared to the 12h treatment. This hypothesis is supported by previous 

studies that have observed increases in DMI when high herbage allowances were offered (Kennedy 

et al., 2008a, McEvoy et al., 2008, Curran et al., 2010). Although no significant difference in herbage 

utilisation was observed in P2, animals had a reduced energy demand during this time due to their 

later stage of lactation, corresponding with lower milk yield and likely lower DMI (Dale et al., 2018). 

Differences in HAF were not found to impact on herbage quality throughout the experiment, this is 

consistent with results from previous grazing studies that investigated lower (Abrahamse et al., 

2008) and higher (Dalley et al., 2001) frequencies of fresh herbage allocation relative to the present 

study. The numerically lower nutritional value of the sward during P2 relative to P1, as indicated by 

lower ME content and higher NDF content, reflects deteriorating sward quality over the grazing 

season. This common trend is linked to plant physiology and seasonal growth patterns that have 

been previously described by a number of authors (McCarthy et al., 2016, Earle et al., 2018). 
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2.5.2 Animal Performance 

Average milk production (25.5 kg/cow/d) throughout the experiment was reflective of high 

production dairy cows in intensive grazing systems (Bargo et al., 2002b, Roche et al., 2006). The 

decreased performance at more frequent HAF observed in the 12h treatment within the current 

experiment is comparable to a number of other studies, although most existing research has 

focussed on very intensive levels of HAF. For example, Dalley et al. (2001) observed that reducing 

the frequency of fresh herbage from six to one daily allocations improved animal performance by a 

1.0 l/cow/d increase in milk yield (P<0.05). Similarly, Verdon et al. (2018) observed improved animal 

performance when HAF was reduced from seven to two allocations per day resulting in an increase 

in fat and protein corrected milk yield (+0.9 kg/cow/d, P< 0.03) and daily milk yield (+1.2 l/cow/d, 

P< 0.001). This response has also been evident in indoor environments. For example, Phillips and 

Rind (2001a) observed a significant increase in milk yield (+0.6 kg/cow/d) and milk fat yield (44 

g/cow/d) when frequency of TMR feeding was reduced from daily to alternate day feeding. Both 

Verdon et al. (2018) and Phillips and Rind (2001a) attributed the reduction in animal performance 

at higher feeding frequencies to reduced fibre digestion rates due to disturbances in the animals’ 

natural feeding pattern. This disturbance likely affects rumen function, impacting on grazing 

behaviour and ingestion rates. Whilst the disturbance to natural feeding patterns may be smaller 

for the current study due to the lower HAF imposed relative to the studies of Dalley et al. (2001) and 

Verdon et al. (2018) this may still have contributed to the lower animal performance witnessed in 

the 12h treatment. Previous research has observed milking disrupts animal grazing behaviour with 

twice daily milking resulting in shorter grazing bouts for animals in the afternoon relative to animals 

milked once daily (O’Driscoll et al., 2010). As all treatments were offered fresh herbage after milking 

it is likely the disruption of the milking process on animals’ natural grazing behaviour, would have 

impacted all treatments equally. In addition, behaviour studies have observed that lactating dairy 

cows have several distinct main grazing bouts, with the longest feeding bouts occurring at dusk and 

dawn (Gregorini et al., 2008, Werner et al., 2019b). Within the 12h treatment, (relative to the 24h 
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and 36h groups) restriction of herbage mass every morning at dawn (before morning milking) may 

have limited the animal’s ability to graze, therefore impacting the animals’ natural grazing 

behaviour. 

As previously discussed, increasing herbage availability through a high herbage allowance has been 

found to improve DMI and consequently animal performance (Bargo et al., 2002b, McEvoy et al., 

2008, Kennedy et al., 2008a). Curran et al. (2010) observed a significant increase (P<0.001) in 

herbage DMI and subsequently animal performance when herbage allowance was increased by 5 

kgDM/cow/d. However, high allocation rates (>20 kgDM/cow/day) are not commercially viable 

because they inevitably lead to higher post-grazing sward heights and consequently poor utilisation 

of the available allocated. In addition, higher post-grazing residuals are associated with deteriorating 

sward quality throughout the grazing season (Mayne et al., 1987). Within the present study, the 24h 

and 36h treatments offered a relatively higher herbage allowance in the first feed of each allocation 

offering 15 kg/cow and 22.5 kg/cow, respectively. In contrast, 12h allocations resulted in every feed 

having lower herbage allowance (7.5 kgDM/cow) due to the incremental delivery of fresh herbage 

after every milking. In addition, because a limited herbage allowance within each feed in the 12h 

treatment animals were forced to graze to low post-grazing sward heights in every feed, this may 

have resulted in an increased difficulty in harvesting herbage, thus increasing the time and energy 

expended per bite. Therefore, the benefits in animal performance from a reduced HAF are likely 

because of the combined effects of reduced disturbance to natural feeding behaviour, ease of 

harvesting and high herbage allowance encouraging DMI during the first (24h and 36h) and second 

(36h) feed. 

The absence of a significant effect on the performance of primiparous animals in the 36h treatment 

in P1 may be a consequence of the lower post-grazing residual in this treatment, potentially 

impacting both milk production and composition. This response of reduced animal performance 

linked to lower post-grazing residuals is reinforced by the results of Mayne et al. (1987) who 
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observed a reduction in milk yield of 2.3 kg/cow/d and milk protein yield of 66 g/cow/d when post-

grazing sward height was reduced from 6 cm to 5 cm (P<0.001). Hence maintaining a post-grazing 

residual greater than 5 cm throughout the grazing season may allow for improved animal 

performance under the 36h HAF management however further studies are required to identify the 

optimal level of herbage allocation for this treatment. 

Animals in the 36h treatment displayed the lowest live weight losses in P1, however the live weight 

losses experienced were all comparable to those observed with dairy cows in other studies 

throughout their lactation (Roche et al., 2006). In addition, no significant change in live weight was 

associated with the HAF treatment were observed in P2, nor were there any significant changes in 

the animals BCS. 

Similar to the present study, (Peyraud et al., 1996) reported milk yields in primiparous animals are 

20 to 30% lower relative to multiparous animals. In the present study, reducing HAF from 12h or 

24h to 36h improved the milk energy output of primiparous animals, HAF was not found to 

significantly impact the milk energy output of multiparous animals. The improved performance of 

primiparous animals may have been a result of reduced competition for resources, given the lower 

stocking density (71 livestock units (LU)/ha) in the 36h grazing paddocks compared to the 24h (107 

LU/ha) and 12h (214 LU/ha) paddocks. This effect has been observed in indoor environments by 

DeVries et al. (2005) who identified that increasing feed availability through offering TMR at an 

increased frequency (once vs. twice daily and twice vs. four times daily), both decreased the 

displacement of subordinate animals at the feed fence and reduced feed sorting. Feed sorting occurs 

within both indoor (DeVries et al., 2005) and outdoor (Abrahamse et al., 2008) feeding 

environments, where the NDF content is higher in the remaining forage compared to the forage 

offered as a result of animals preferentially consuming the highest quality forage available. Although 

feed sorting is inevitable, Phillips and Rind (2002a) suggested dominant animals may have priority 

access to the best grazing sites allowing these animals to ingest higher quality herbage. Through a 
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combined effect of a larger grazing area and higher herbage allowance within 36h treatment during 

the first two allocations, lower ranking animals would likely experience less competition for high 

quality grazing sites, and hence increased options for dietary selection across the grazing area. This 

in turn, is likely to have resulted in the better performance in these animals compared with those 

on more frequent herbage allocation. These effects are likely to be further exacerbated in swards 

with greater species diversity than those employed in this current study due to the broader range 

in sward nutritive value and palatability. However, further investigation of animal grazing behaviour, 

and associated parity differences, within multi-species swards is required. 

In contrast, although all treatments were offered the same herbage allowance over the 72h grazing 

block, as previously mentioned animals in the 12h treatment and to a lesser extent in the 24h 

treatment, had a limited quantity of herbage at each allocation due to the phased delivery of feed, 

limiting opportunities for feed sorting and requiring cows to graze to the target post-grazing residual 

within each feeding period in order to achieve this intake. Prache and Peyraud (2001) have shown 

animals respond to restricted access time at pasture available through increasing bite mass. In the 

current study, this response may have presented a further competitive advantage to older heavier 

multiparous animals within the 12h and 24h HAF due to their larger mouth size (Verdon et al., 2018) 

leading to multiparous animals eating a greater quantities of high quality herbage pasture in 

comparison with primiparous animals. 

2.6 Conclusions 

Reducing the frequency of fresh herbage allocation from a typical 12h or 24h allocations seen on 

many commercial farms to 36 h pasture allocations was seen to improve the performance of 

primiparous animals grazing in mixed-parity herds in P2, relative to 12h and 24h allocations. These 

findings highlight the effect of competition for resources within intensive grazing systems where 

mixed-parity herds are common. Reducing the frequency of fresh herbage allocation from 12h or 

24h to 36h allocations created a balance between offering a higher herbage allowance to support 
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animal performance whilst achieving low post-grazing residuals and high levels of herbage 

utilisation, which is a key factor underpinning efficient and economically viable pasture based 

systems. The optimal HAF within individual commercial dairy grazing herds is likely to depend on 

the herd composition and proportion of primiparous grazing animals. The reduced HAF treatments 

studied here present a viable method for addressing within herd variation in animal nutritional 

requirements in grazing systems, to improve animal performance but maintain high pasture herbage 

relative to that observed under a typical 12h or 24h herbage allocation frequency. 
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3.1 Abstract 
For ruminants, grazing and ruminating activities are essential in nutrient capture and ultimately 

animal performance however these activities can demand significant time and energy. This study 

evaluated the effect of three different herbage allocation frequencies (HAF’s; 12, 24 and 36 hour 

(h)) on the feeding behaviour of grazing dairy cows. Eighty-seven spring calving dairy cows were 

divided into three treatments, 29 animals per treatment. Animals were rotationally stocked with 

fixed paddock sizes of 0.14ha, 0.28ha and 0.42ha paddocks for the 12h, 24h and 36h treatments, 

respectively. Animals (14 per treatment) were fitted with behaviour halters that monitored feeding 

activity. Diurnal feeding patterns were evident for all animals irrespective of HAF, concentrating the 

majority of grazing during daytime (90%) and ruminating activity during night (73%). Treatment 

significantly affected feeding behaviour patterns. Peak grazing activity coincided with fresh herbage 

allocation in the 12h and 24h treatments. In the 36h treatment, grazing was more evenly distributed 

over each 24 hour period with peak grazing activity witnessed daily between 17:00 and 19:00h 

regardless of fresh herbage allocation, suggesting lack of anticipation of fresh feed delivery. In the 

12h treatment primiparous animals exhibited greater grazing and ruminating activity relative to 

multiparous animals in the 12h treatment highlighting the impact of competition for resources 

within each feed on lower dominance animals.  

3.2 Introduction 
Fresh herbage remains a large component in dairy cow diets within many temperate regions. 

However, achieving high levels of dry matter intake (DMI) in pasture based systems remains a 

challenge, creating difficulty in meeting the nutritional requirements of high production dairy cows 

in pasture based systems (Kolver and Muller, 1998). An animal’s ability to meet its nutritional 

requirement in a pasture based system is influenced by a range of plant and animal factors, for 

example the nutritional value of the forage (Rutter et al., 2004), animal breed (Prendiville et al., 

2010), and forage quantity (McEvoy et al., 2008). Additionally, nutritional requirements can vary 

substantially between individual animals. However, animal grazing behaviour also has an important 
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role to play in dictating both nutrient intake and energy expenditure with the balance between these 

ultimately determining the energy available for milk production.  

Lactating dairy cows typically spend up to 15 hours (h)/cow/d eating and ruminating (Abrahamse et 

al., 2008, Vance et al., 2012). This activity is associated with a considerable level of energy 

expenditure, for example Susenbeth et al. (1998) determined the energy costs of eating and 

ruminating behaviour to be 30 and 9 J/min/ kg of LW, respectively for steers fed indoors. 

Additionally, Osuji (1974) suggested maintenance energy requirements for grazing animals could be 

25 – 50% greater relative to housed animals as a result of the increased physical activity associated 

with walking and harvesting herbage. Dohme-Meier et al. (2014) reported a 19% increase in energy 

expenditure with animals actively grazing relative to animals fed fresh grass indoors during a six 

hour measurement period, due to reduced physical activity in housed animals. In addition, energy 

expenditure of animals can vary depending on the condition of terrain underfoot, with four fold 

increases in animal energy expenditure observed when animals are walking on soft or waterlogged 

terrain compared to firm ground, highlighting the potential effect of external factors further 

impacting energy expenditure in pasture based systems (Mota-Rojas et al., 2021). 

The motivation for an animal to express feeding behaviours such as grazing and ruminating within 

pasture based systems can be influenced by multiple factors including stage of lactation, parity and 

milk output. Within commercial herd environments, grazing groups often consist of a collection of 

individual animals with varying milk yield and stage of lactation, impacting on nutrient demand for 

both animal maintenance and milk production. Although herbage allocation rates are often 

described on an individual cow basis within academic literature (e.g. 15 kgDM/cow/d), in practice 

this allocation rate is applied to a whole grazing mob, allowing animals the ability to consume above 

or below the desired rate of intake. This, coupled with the typical variation in individual animal 

nutritional demands within a grazing mob may create substantial levels of competition and 

variability in intake rates and herbage quality consumed.  
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Indeed within a herd, primiparous animals are often subject to high levels of competition and they 

are often classified as subordinate due to their lower live weight and lactation number (Phillips and 

Rind, 2002a, Hussein et al., 2016a). Studies in indoor systems, where competition for resources can 

often be high, have shown subordinate cows alter their periods of feed consumption, in particular 

reducing feeding time after fresh feed delivery, resulting in receipt of less aggressive behaviours but 

consumption of poorer quality feedstuffs (DeVries et al., 2004). To date, limited research has 

investigated the interaction effects of herbage management methods on the variations in feeding 

behaviour with animal parity group. Further understanding variations in animal feeding behaviour 

will allow for the development of strategies that support efficient feeding patterns for all animals, 

subsequently maximising individual animal performance. 

Motivation to feed and feeding behaviour is also strongly influenced by management aspects such 

as feed availability (Chilibroste et al., 2012, Dale et al., 2018), the presence of periods of feed 

deprivation (DeVries et al., 2005, Schütz et al., 2006), and the frequency of feed delivery (DeVries et 

al., 2005). For example Dale et al. (2018) documented a greater number of mastication bites during 

rumination when dairy cows were offered high herbage allowance, whilst DeVries et al. (2005) 

reported a significant increase in feeding time immediately following the delivery of fresh feed. 

Hence, management of grazing resources can significantly impact animal behaviour and 

consequently animal performance.  

Herbage allocation frequency (HAF) is the rate that fresh herbage is offered to dairy cows typically 

within a rotational stocking system. This management technique may potentially influence hunger, 

feed availability and competition within the herd. Hence, HAF may potentially alter the frequency, 

intensity and temporal distribution of grazing and ruminating events thus likely altering nutrient 

supply to grazing animals. To date research on HAF has focused on relatively high, allocating fresh 

herbage seven times daily  (Verdon et al., 2018) or low frequencies, allocating fresh herbage every 

four days (Abrahamse et al., 2008), these are not commonly practice in dairying systems. In addition, 
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the effect of HAF on inter-animal variations on grazing behaviour are poorly understood. 

Consequently, the objective of this study was to understand the influence of commercially practiced 

frequencies of fresh herbage allocation on the feeding behaviour of lactating dairy cows and its 

interaction with parity grouping.  

3.3 Materials and Methods 
The experiment was conducted during 2018 at the Agri-Food and Biosciences Institute (AFBI), 

Hillsborough, County Down, Northern Ireland, UK (54°27’N; 06°04’W). Experimental procedures in 

this study were conducted under an experimental license granted by the Department of Health, 

Social Services and Public Safety for Northern Ireland in accordance with the Animals Scientific 

Procedures Act 1986. The experimental licence was granted following a review and approval of the 

proposed study by the AFBI Animal Welfare and Ethics Review Board. The experiment consisted of 

two time periods; Period One (P1; 11 May - 10 July) and Period Two (P2; 11 August - 10 October). A 

complimentary paper Pollock et al. (2020) outlines details of animal performance and herbage 

utilisation. This paper focuses on the effect of herbage allocation frequency on animal behaviour 

during P2, to assist in the understanding of animal performance differences observed in chapter 2.  

Weather during the behaviour recording period (8 to 20 September) was atypical for this time of 

year. Average air temperature was 13.6 ⁰C, 1.1⁰C higher than the previous five year (2013-2017) 

average for September. Accumulated rainfall during the 12 day measurement period was 27.6mm 

with daily rainfall accumulation ranging between 0 – 5.8mm. Monthly average rainfall accumulation 

for the previous five years for September was 55.7mm.  

3.3.1 Animal and grazing management 
A total of 87 lactating dairy cows were split into three treatment groups (n=29). Each group 

consisted of eight primiparous and 21 multiparous animals. Treatment groups were balanced for 

calving date and lactation number with a mean of 4 February (s.d., 18.3 d) and 2.5 lactations (s.d., 

1.30d), respectively. Treatments were balanced prior to the beginning of the experiment period two 

for breed, pre-experimental milk yield [mean 27.6 kg/cow/d (s.d., 7.40)], LW [mean 606 kg, (s.d. 



 

93 
 

62.1 kg)], BCS [mean 2.42, (s.d., 0.157)], milk predicted transmitting ability (PTA) [mean 200 kg, (s.d. 

141.9 kg)] and kilograms of fat plus protein PTA [mean 26.3kg, (s.d. 7.09 kg)]. Balanced groups were 

assigned to one of the three herbage allocation frequency treatments, with fresh herbage allocated 

every; 12 hours (12h), 24 hours (24h) or 36 hours (36h).  

The grazing area consisted predominately of perennial ryegrass (Lolium perenne L.) with an average 

sward age of five years old. Seven grazing blocks were divided into three plots (0.84 ha), each plot 

consisting of either; six 12h paddocks (0.14 ha), three 24h paddocks (0.28 ha) or two 36h paddocks 

(0.42 ha). Animals were rotationally stocked with each treatment receiving a daily herbage 

allocation rate equivalent of 15 kgDM/cow/day. Stocking rate over the course of the study was the 

same for all treatments (4.9 cows/ha) because animals on each treatment grazed the same area 

over each 72 h grazing block however, stocking density in each paddock was 207, 104 and 69 

cows/ha for the 12h, 24h and 36h treatments, respectively. Animals rotationally grazed paddocks 

and herbage allocation during the first feed of each treatment was 22.5, 15 and 7.5 kgDM/cow for 

the 36h, 24h and 12h treatments, respectively. This equates to each treatment receiving a daily 

herbage allocation rate of 15 kgDM/cow/d. Within the 24h treatment, fresh herbage was offered 

post afternoon milking. Pre- and post-grazing height was determined using a rising plate meter 

(RPM; Jenquip EC10 Electronic Platemeter, Feilding, New Zealand). Herbage quality was determined 

twice weekly using near infrared spectroscopy (NIRS). Animals were milked twice daily between 

05:30 and 07:30h and 15:00 and 17:00h. Concentrates were offered during every milking to all 

animals at an average daily feed rate of 5.5 kg/cow/d and 7.0 kg/cow/d for primiparous and 

multiparous animals, respectively. The concentrate comprised of (g/kg as fed basis) soya hulls (187), 

maize meal (160), wheat (150), Hi-pro soya bean meal (125), rape seed meal (90), molasses (70), 

distillers grains (60), pollard (57), citrus-pulp (40), rumen-protected fat (20) and minerals/vitamins 

(41).  
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Animal performance measurements taken throughout the experiment include daily milk yield, 

weekly milk quality, total milk output and live weight change as described in Pollock et al. (2020). 

3.3.2 Animal Behaviour 
Within the three treatment groups a subset of animals were selected for behavioural 

measurements. A total of 42 animals were selected (n= 14 per treatment) and balanced according 

to the initial parameters (breed, pre-experimental yield, days in milk, live weight, PTA of milk yield, 

fat and protein). Each subset of 14 animals from each treatment consisted of four primiparous and 

ten multiparous animals. Animals were fitted with grazing and ruminating behaviour monitoring 

equipment (RumiWatch; ITIN + HOCH, Switzerland) for a period of 12 days (8 - 20 September). The 

equipment consisted of a halter equipped with an oil-filled tube with a built-in pressure sensor, a 3-

axis accelerometer, data logger and two 3.6 V batteries. The oil-filled tube was placed over the 

bridge of the animal’s nose, the pressure within the oil-filled tube altered with jaw movements. 

These pressure signatures and acceleration patterns were collected at a frequency of 10 Hz 

resolution. Raw data was stored on 4 GB SD memory card and downloaded after the 12 d recording 

period. As detailed and validated by Werner et al. (2018), specialist software (RumiWatch Converter 

version V0.7.4.5) was used to classify pressure and acceleration data into a range of grazing and 

ruminating variables (Table 3.1), producing one-hour data summaries. Halters were reviewed twice 

daily to ensure animals did not have any abrasions.  
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Table 3.1 Grazing behaviour parameters recorded using the Rumiwatch sensor (Werner et al., 

2019a). 

 

 

3.3.3 Statistical Analysis  
Data from the halter was recorded from 17:00 on 8th September to 17:00 on 20th September. This 

was split into four 72 hour grazing periods, each treated as a replicate. Within each 72 hour period, 

data was compressed into two hour intervals to assist with data handling. The calculated variables 

were analysed using Genstat (Genstat Sixteenth Edition, Lawes Agricultural Trust, Rothamsted, UK) 

with a repeated measures design using the restricted maximum likelihood (REML) estimation 

method with the correlation between time points assessed with an autoregressive model of order 

1. Animal was fitted as the subject factor with two hour time period as the time factor. A factorial 

arrangement of Time, Parity Group and Treatment were fitted as fixed effects. The adequacy of the 

model was assessed through visual inspection of the residual plots. If the overall model terms in the 

fixed effects were significant (P<0.05), the Bonferroni method a two-tailed post-hoc tests for 

multiple comparisons was used to determine differences between individual effects. For the 

Behaviour variable 
Variable in Rumiwatch 

manager 
Variable description 

Grazing time (min cow-1 hr-1) EAT1TIME 

Time spent eating (prehension bites 

and mastication chews in the 

downward position) 

Ruminating time (min cow-1 hr-1) RUMINATETIME Time spent ruminating per hour 

Number of boli (n. cow-1 hr-1) BOLUS 
Number of rumination boluses per 

hour 

Chews per bolus (n. bolus-1) CHEWSPERBOLUS 
Number of chews per rumination 

bolus 
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purpose of this paper, day time was considered to be 05:00 to 21:00 and night time 21:00 to 05:00, 

these times were selected as they corresponded with dusk and early morning milking. 

Previous studies have questioned the merit of using individual animals as replicates in grazing 

experiments. However, the use of multiple groups may have downfalls as small groups of animals 

behave differently to large groups. Rind and Phillips (1999) documented cows in small groups (four 

animals) stayed closer to the neighbouring cows, moved their head more rapidly from side to side 

during grazing and spent more time grazing compared to cows in larger groups (16 animals). The 

study also highlighted animals’ in larger groups were more aggressive, maintained greatest distance 

from other animals and had faster rate of stepping while grazing, the authors attributed these 

differences to an increased inter-animal competition in larger groups. In the present study groups 

were not replicated as larger groups better represented commercial farming systems and the inter-

animal competition exhibited within their herds. 
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3.4 Results 

3.4.1 Feeding behaviour  
 

Table 3.2 The effect of parity, herbage allocation frequency and interaction effects on animal grazing and ruminating behaviour. 

 

12h = 12 hour allocations. 24h = 24 hour allocations. 36h = 36 hour allocations. P = parity group. T/m = Treatment. Time = time hourly time period. Within a row 

means are associated with treatment x parity interactions. SED = standard error of differences of the treatment x parity interaction means. Means with different 

superscript letters differ at P<0.05 based on the two-tailed post-hoc analysis determined by the Bonferroni method.

 Primiparous animals Multiparous animals  
 

Significance 

 12h 24h 36h 12h 24h 36h SED P T/m Time P*T/m P*Time T/m*Time P*T/m*Time 

Grazing time 
(mins/cow/h) 

24.3c 22.4bc 22.3bc 20.3a 21.4ab 24.3d 0.61 0.004 <0.001 <0.001 <0.001 0.392 <0.001 <0.001 

Rumination 
time 

(min/cow/h) 
15.8c 13.2ab 12.4a 14.2b 14.2b 12.8a 0.47 0.951 <0.001 <0.001 <0.991 0.510 <0.001 <0.001 

Number of boli 
(no./cow/h) 

17.2c 14.3ab 13.0a 15.7bc 15.4b 13.9a 0.55 0.635 <0.001 <0.001 <0.001 0.610 0.002 0.002 

Chews per bolus 
(no./bolus) 

37.7c 32.0ab 33.4b 31.5ab 31.7ab 29.9a 1.15 <0.001 0.006 <0.001 <0.001 0.055 0.002 0.002 
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Average grazing and ruminating times were 540 mins/cow/d and 330 mins/cow/d, respectively 

across all three HAF’s. All treatments exhibited strong diurnal feeding patterns with on average 90% 

of grazing time occurring during the day and 73% of ruminating time occurring during night time 

hours. Grazing time was 22.3, 21.9 and 23.3 mins/cow/h for the 12h, 24h and 36h treatments, 

respectively with grazing time significantly greater for animals in the 36h treatment relative to the 

12h and 24h treatments (P<0.001).  

Peak grazing time per hour was evident for all treatments and parity’s between the hours of 17:00 

and 19:00 over the 72 h grazing block, averaging 54 mins grazing/cow/h. However, in the following 

two hour period (19:00 – 21:00) grazing time was significantly longer (+15 mins/cow/hr) for animals 

in the 24h HAF relative to the other two treatments (P<0.001; Figure 3.1). Both the 12h (51 

mins/cow/h) and 36h (44 mins/cow/h) treatments exhibited an additional grazing peak between 

07:00 and 09:00 which was lower in the 24h treatment (27 mins/cow/h; P<0.001; Figure 3.1). 

Animals in the 36h treatment exhibited greater distribution of grazing throughout the daytime 

relative to the 12h or 24h HAF. This was particularly evident between the hours of 11:00 and 13:00 

with the 36h treatment recording a significantly higher proportion of time spent grazing (38 

mins/cow/h) than the 12h (22 mins/cow/h) or the 24h HAF (17 mins/cow/hr; P<0.001; Figure 3.1 

and 3.2) treatments.  During nighttime, grazing time was notably lower for all treatments (average 

7 mins/cow/h) relative to daytime grazing (average 30 mins/cow/h). However, animals in the 24h 

treatment appeared to exhibit a grazing bout between the hours of 23:00 and 01:00 which was not 

evident in the other HAF treatments. During this time animals in the 24h HAF exhibited a grazing 

time of 27 mins/cow/hr; significantly longer relative to animals in the 12h (6 mins/cow/h) or 36h (9 

mins/cow/h) treatments (P<0.001; Figure 3.1 and 3.2). 

Average ruminating time decreased with decreasing frequency of fresh herbage allocation with 

ruminating times of 15.0, 13.7 and 12.6 mins/cow/h for the 12h, 24h and 36h treatments, 

respectively with significances observed between each treatment (P<0.001; Table 3.2). However, 
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again diurnal trends were evident across all three treatments and with both multiparous and 

primiparous animals, average ruminating time during the night of 25 mins/cow/h compared to 

ruminating time during the day averaging 8 mins/cow/h (Figure 3.1). Ruminating time was lowest 

for all treatments between the hours of 17:00 and 19:00, recording on average 0.5 mins/cow/hr 

ruminating, this corresponds with the peak observed in grazing activity. Periods of peak rumination 

activity occurred during hours when grazing activity was low and vice versa.  

Animals in the 12h HAF displayed significantly longer ruminating time (9 mins/cow/h) between 

19:00 and 01:00 compared to the 24h HAF (P<0.001: Figure 3.1 and 3.2). Contrastingly at 07:00, 

animals in the 24h treatment ruminated 10 mins/cow/h longer on average relative to the 12h HAF 

(P<0.001; Figure 3.1 and 3.2). Animals in the 36h treatment did not exhibit the same peaks in 

ruminating activity relative to the other two HAF’s (Figure 3.1). This was most notable between 

11:00 to 13:00 when ruminating time was significantly lower (9 mins/cow/h) for animals in the 36h 

treatment relative to the other two HAF’s (P<0.001; Figure 3.1 and 3.2). In addition, between 07:00 

and 15:00 ruminating time was 7 mins/cow/hr shorter for animals in the 36h treatment compared 

to the 24h HAF. Furthermore, ruminating time between 21:00 and 03:00 was 5 mins/cow/h shorter 

for animals in the 36h PAF relative to the animals in the 12h HAF (Figure 3.1 and 3.2).
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Figure 3.1 Impact of herbage allocation frequency (12, 24 or 36h) on average grazing (dotted line) 

and ruminating time (dashed line) of primiparous animals during a 72 hour grazing block. 
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Figure 3.2 Impact of herbage allocation frequency (12, 24 or 36h) on average grazing (dotted line) 

and ruminating time (dashed line) of multiparous animals during a 72 hour grazing block. 
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3.4.2 Interaction of frequency of herbage allocation and animal parity group  
Primiparous animals in the 12h treatment exhibited the longest grazing time, grazing for 48 

mins/cow/d longer relative to primiparous animals in the 24h and 36h treatments. In contrast, 

grazing time in multiparous animals increased with decreasing HAF, with multiparous animals in the 

36h HAF grazing for significantly longer relative to multiparous animals in the 12h and 24h 

treatments (P<0.001; Table 3.2). An extra grazing session between 11:00 and 13:00 was exhibited 

for both primiparous and multiparous animals in the 36h HAF animals grazed for 15 and 21 

mins/cow/h longer, respectively compared to their parity counterparts in the two other treatments 

(P<0.001). 

Although feeding behaviour patterns over the 72 hour grazing block were similar for parity groups 

within treatments, significant treatment and parity group interactions were observed (Table 3.2). 

Within the 12h treatment, grazing time was significantly longer for primiparous animals relative to 

multiparous animals (P<0.001; Table 3.2). Contrastingly, the opposite effect was exhibited in the 

36h HAF with grazing time 2 mins/cow/h shorter for primiparous relative to multiparous animals 

(P<0.001; Table 3.2). Grazing time in the 24h HAF was similar for both parity groups (Table 3.2).  

Treatment and PG interactions were also evident for rumination activity. Primiparous animals in the 

12h HAF had a significantly longer ruminating time (3 mins/cow/h) compared to primiparous 

animals in the 24h and 36h HAF (P<0.001; Table 3.2). This difference was clearly identifiable during 

night time (Figure 3.1). In addition, decreasing the frequency of herbage allocation resulted in a 

decrease in the number of boli regurgitated per hour in primiparous animals, with primiparous 

animals in the 12h HAF exhibited a significantly higher number of boli regurgitated relative to 

primiparous animals in the 24h and 36h treatments (P=0.002; Table 3.2). Similarly, chews per bolus 

were significantly greater for primiparous animals in the 12h HAF chewing each boli on average 5 

times more, relative to primiparous animals in the 24h and 36h treatments (P=0.002; Table 3.2).  
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Ruminating time for multiparous animals in the 36h treatment was significantly lower (1.4 

mins/cow/d) relative to the multiparous animals 12h and 24h (P<0.001; Table 3.2). Similarly, number 

of boli regurgitated per day was 12% lower for multiparous animals in the 36h treatment relative to 

multiparous animals in the 12h and 24h treatments (P=0.002; Table 3.2).  

Additionally, within treatment differences in rumination activity were observed. Primiparous 

animals in the 12h HAF exhibited a significantly longer ruminating time (38.4 mins/cow/d; P<0.001) 

relative to multiparous animals (Table 3.2). Likewise, chews per bolus were 20% greater in 

primiparous animals compared to multiparous animals in the 12h HAF, this increase was particularly 

evident following the two main grazing sessions in the 12h HAF (P=0.002; Figure 3.3). Within the 

36h HAF, ruminating time and number of boli regurgitated was similar for both primi- and multi-

parous animals (Table 3.2). However, primiparous animals in the 36h HAF exhibited 10% more chews 

per bolus relative to multiparous animals (P=0.002; Table 3.2). Differences were not observed 

between parity groups within the 24h HAF (Table 3.2). 
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Figure 3.3 Number of chews per a rumination bolus for primiparous (dashed line) and multiparous 

animals (solid line) in the 12h HAF over the 72 hour grazing block. 

 

 

  

 

 

 

 

 

 

-10

0

10

20

30

40

50

60

70

80
N

u
m

b
er

 o
f 

ch
ew

s 
p

er
 b

o
lu

s

Time over 72 hour grazing block



 

105 
 

3.5 Discussion 
The objective of this study was to understand the impact of frequency of fresh herbage allocation 

on the feeding behaviour of lactating dairy cows. In addition, following the observed parity and HAF 

interaction effects on animal performance reported in a complimentary paper (Pollock et al., 2020), 

this paper aims to investigate parity group and HAF interactions on animal feeding behaviour. 

Pollock et al. (2020) observed primiparous animals in the 36h HAF exhibited significantly (P<0.001) 

greater milk output, on average 10.9 MJ/cow/d higher compared to primiparous animals in the 12h 

and 24h HAF.  

3.5.1 Daily feeding patterns 
Average daily grazing time and ruminating time in the present study is representative of high 

production Holstein-Friesian dairy cows within full-time grazing systems and is comparable with that 

noted by others (Bargo et al., 2002b, Vance et al., 2012), highlighting the significant energy and time 

requirements associated with nutrient capture in grazing systems. The concentration of grazing 

activity during the day has been widely reported with grazing from dusk to dawn typically accounting 

for less than 15% of total grazing time and thus contributing minimally to total DMI (Stobbs, 1970, 

Stockdale and King, 1983). Linnane et al. (2001) suggested low levels of grazing during the night may 

reflect the greater difficulty of the animal to selectivity graze in the dark. Additionally, the 

preference for animals in the present study to concentrate the majority of their rumination activity 

during the night is in agreement with previous indoor (Schirmann et al., 2012) and grazing (Gregorini 

et al., 2012) studies on lactating dairy cows. These feeding patterns occurred across all three 

treatments confirming diurnal feeding behaviour exists in pasture based systems irrespective of the 

management method imposed. Previous literature has similarly observed diurnal feeding patterns 

under a number of different management methods including; restricted herbage (Gregorini et al., 

2012) and timing of fresh herbage allocation (Vibart et al., 2017).  

3.5.2 Influence of HAF on animal feeding behaviour 
Contrary to the present experiment, previous studies have reported no effect of HAF on grazing time 

(Abrahamse et al., 2008, Verdon et al., 2018), this may be due to the relatively low (Abrahamse et 
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al., 2008) and high (Verdon et al., 2018) frequencies of herbage allocation investigated. Additionally, 

previous studies have offered relatively high herbage allowances ( 4̴0 kgDM/cow/d) offered by 

Abrahamse et al. (2008) and Verdon et al. (2018) relative to the present study. The high herbage 

allowance offered may not fully represent competition within a commercial grazing system thus 

herbage allocation may have had a greater impact on grazing time than the frequency of fresh 

herbage allocation. However similar to the studies of Verdon et al. (2018) and Abrahamse et al. 

(2008), HAF in the present study had a significant impact on the pattern of daily grazing activity.  

Literature has widely acknowledged allocation of fresh feed motivates animals to eat, thus the 

greatest proportion of time attributed to this activity often occurs immediately after the delivery of 

fresh feed, as observed in studies offering a TMR (DeVries et al., 2003) and fresh herbage (Verdon 

et al., 2018). This effect was observed in both the 12h and 24h HAF with the longest grazing period(s) 

occurring shortly after the one (24h) or two (12h) daily allocations of fresh herbage.  

Animals in the 24h HAF spent a longer proportion of time grazing when offered fresh herbage in the 

afternoon compared to animals in the 12h HAF. An indoor study offering dairy cows TMR similarly 

witnessed reducing allocations from twice to once daily resulted in more animals eating for longer 

when TMR was offered once daily (DeVries et al., 2005). However, this concentration of feeding 

activity during certain periods of the day may have a greater effect in pasture based systems 

compared to indoor systems as herbage nutritive value varies throughout the day. Orr et al. (1997) 

reported herbage offered in the evening (19:30h) displayed a greater nutritive value with an 

increase in DM (+9%), WSC (+2.7%) and starch (+1.1%) concentrations compared to herbage offered 

in the morning (07:30h). Subsequently evening allocations have been associated with improved 

performance of beef (Gregorini et al., 2006) and dairy (Orr et al., 2001) cows. In addition to improved 

nutritive value, herbage biomechanical properties alter throughout the day. Plant toughness 

reduces from dawn to dusk and this is thought to increase the rate of particle breakdown during 

digestion, subsequently impacting on animal grazing behaviour with a more rapid particle 
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breakdown increasing rumen throughput and encouraging further grazing activity (Gregorini et al., 

2009d). Contrastingly, to the 12h and 24h HAF the greatest proportion of time spent grazing in the 

36h HAF did not always correspond with fresh herbage allocation. Although peak grazing time was 

observed daily between 17:00 and 19:00h, this only coincided with fresh herbage allocation once 

every three days. Phillips and Rind (2001a) observed this similar effect with dairy cows offered TMR 

indoors on alternate days with animals displaying similar feeding behaviour on feeding and non-

feeding days. The authors suggested animals fed at intervals greater than 26 h could not anticipate 

delivery of fresh feed resulting less disturbance of animal feeding behaviour (due to periods of feed 

restriction) and subsequently an increase in TMR intake and milk yield. In the present study, animals 

in 36h HAF displayed a greater distribution of daily grazing activity, more representative of that of 

set stocking (Phillips and Leaver, 1986). The greater distribution of grazing behaviour and lack of 

grazing peaks observed when fresh herbage was offered is likely a result of the animals’ inability to 

anticipate delivery of fresh herbage.  

A greater distribution of grazing behaviour throughout a 24 h period has also been witnessed at high 

HAF. Verdon et al. (2018) noted more even hourly grazing behaviour and a subsequent decrease in 

ruminating time (P<0.001) when herbage was offered over seven daily allocations compared to two 

daily allocations. Additionally, an indoor study similarly highlighted timing and frequency of TMR 

feeding impacted distribution of feeding activity with animals fed once daily at 08.30h exhibiting 

greater (P<0.05) level of spontaneous feeding in the afternoon and early evening relative to animals 

fed once daily at 20.30h or twice daily at 08.30 and 20.30h, respectively (Niu et al., 2014). However, 

all treatments displayed low levels of feed intake during the night, further demonstrating feeding 

activity is influenced by circadian rhythms and not only the timing of fresh feed delivery. The greater 

distribution of feeding activity throughout the day is hypothesized to have multiple benefits 

including the regular supply of feed to rumen and stimulation of saliva production enhancing rumen 

motility and subsequently stimulating the passing of digesta through the rumen allowing more 

efficient absorption of nutrients (Atkins et al., 2020). Dalley et al. (2001) similarly, suggested a more 



 

108 
 

consistent distribution of grazing activity provides a more consistent supply of metabolites, 

therefore increasing the efficiency of milk synthesis. However, animal performance impacts from 

changing HAF have been mixed. Verdon et al. (2018) observed lower milk yields from cows allocated 

seven grass allocations per day compared to those offered grass twice daily while Pollock et al. 

(2020) in the complimentary study noted improved performance from reducing the frequency of 

fresh herbage allocation from 12h to 36h allocations, however this was driven by greater 

performance from parity one animals alone. This suggests the behavioural responses to changing 

pasture management are multifactorial and cannot be considered in isolation.   

Primiparous animals are often classed as subordinate animals due to their lower live weight, 

lactation number and milk production (Hussein et al., 2016a). Phillips and Rind (2002a) observed 

grazing time in lactating dairy cows was negatively correlated to dominance value thus lower ranking 

animals in the herd such as primiparous animals tend to graze for longer. Similarly Bach et al. (2006) 

observed feeding time of TMR was 30 mins/cow/d longer for primiparous animals housed with 

multiparous animals compared to primiparous animals housed alone. The authors attributed this 

time to longer periods spent sorting feedstuffs in search of higher quality forage. It is hypothesised 

that similar behaviours were evident in the current study with longer grazing time of primiparous 

animals in the 12h HAF relative to multiparous animals. The smaller grazing area and lower herbage 

availability immediately after allocation of fresh herbage in the 12h treatment, relative to the 24h 

and 36h treatment, likely resulted in greater competition for resources. Wales et al. (1998) reported 

lactating cows grazing perennial ryegrass swards to consistently selected a diet significantly higher 

(P<0.001) in CP and lower in NDF than the average herbage on offer, this is achieved through the 

selection of specific grazing sites. It is likely that multiparous animals displaced primiparous animals 

from preferential grazing sites within the grazing area, and hence were able to achieve satiety 

sooner due to the selection of higher quality herbage compared to their younger counterparts. In 

contrast, it is considered that primiparous animals expended a greater amount of time browsing 

and selecting herbage suitable for consumption as evidenced by the greater grazing time. Coupled 
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with a likely intake of less preferential, poorer quality herbage, this would have resulted in a 

reduction in potential energy intake, increased energy expenditure and consequently the poorer 

performance of primiparous animals as described by Pollock et al. (2020).   

In contrast, the similar (24h) and lower (36h) grazing time of primiparous animals relative to 

multiparous animals in these treatments suggests reduced competition for resources (space, grazing 

sites and herbage availability) within these treatments. Indoor studies have highlighted reduced 

space allowance of dairy cattle results in an increase in aggressive interactions between animals 

(DeVries et al., 2004). Although grazing systems provide a much larger space allowance for each 

individual animal relative to indoor systems, reducing space allowance in grazing paddocks may 

create competition for grazing sites.  

Whilst herbage is generally allocated in kilograms of dry matter per cow, in practice herbage is 

allocated on a herd basis rather than to an individual animal, consequently animals within herds 

compete for resources (Werner et al., 2019a). Offering a high herbage allowance in the first 12 h 

period (24h and 36h) and second 12 h period (36h) results in an increased herbage availability and 

a greater number of grazing sites available within these allocations, increasing access to high quality 

herbage for lower ranking animals. Within the 12h treatment herbage allowance was limited within 

every feed. Kennedy et al. (2009) observed dairy cows with restricted access to herbage employed 

two strategies; increased bite mass and decreased handling time in order to consume feed more 

rapidly during grazing. Within an indoor environment Olofsson (1999) reported increasing the 

competition for feed resulted in animals consuming feed more rapidly compared to when there was 

ample access to feed. Due to the limited herbage allowance in every feed within the 12h HAF, it is 

likely animals within the 12h HAF employed these strategies to deal with the increased competition 

for resources. 

Increased requirement for rumination activity is a result of larger particle sizes entering the rumen 

(Grant et al., 1990). In the present study ruminating time and number of boli regurgitated was 
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significantly higher in primiparous animals within the 12h treatment. This is likely a result of greater 

competition for resources leading to higher intake rates, more rapid consumption, and decreased 

handling of feed, consequently leading to larger particle size entering the rumen. As previously 

highlighted primiparous animals are generally lower social ranking within a herd thus this effect of 

increased competition through limited grazing sites and herbage availability, may have a greater 

impact on these animals. This was observed within the 12h treatment as primiparous animals 

exhibited a greater number of chews per a bolus relative to multiparous animals in the time 

immediately after the two main grazing sessions, further indicating rapid intake rates, reduced 

handling time and selection of poorer quality grazing sites for these animals.  

Previous literature has reported dairy cows with longer feeding times tend to have shorter 

ruminating times (Dado and Allen, 1994, Schirmann et al., 2012). Contrary to this, both grazing and 

ruminating time was greatest for primiparous animals in the 12h treatment compared to 

primiparous animals in the 24h and 36h treatments. This suggests competition for resources may 

have a strong impact on overall time budget for these animals, ultimately resulting in increased 

energy expenditure on feeding activities and less energy available for milk production as witnessed 

in the corresponding study (Pollock et al., 2020). Although, primiparous animals in the 24h HAF 

exhibited a similar average hourly feeding behaviour relative to primiparous animals in the 36h HAF 

however, as previously discussed, the greater distribution in daily grazing activity in the 36h HAF the 

more consistent supply of metabolites for milk synthesis. This resulted in primiparous animals in the 

36h HAF having a milk energy output on average 10.9 MJ/cow/day greater than primiparous animals 

in the 12h and 24h HAF (P<0.001) (Pollock et al., 2020).  

The contrasting effect of HAF on grazing time in primi- and multi-parous highlights the need to 

examine sub-groups or individual animal behaviours relative to the whole herd to observe a truer 

picture and fully understand the grazing dynamics within the herd. Previous studies investigating 

the effect of management methods on animals behaviour have looked at the behaviour of the whole 
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herd, likely masking behavioural differences that may have been present between parity groups 

(Abrahamse et al., 2008, Kennedy et al., 2009). 

3.6 Conclusions 
This study highlights the complex nature of animal feeding behaviour decisions and the multiple 

factors influencing this activity. In the present study all animals irrespective of parity or treatment 

group displayed diurnal grazing and ruminating patterns. Animals in the 36h treatment did not 

exhibit more even distribution of daily grazing activity. Grazing and ruminating time was greatest 

for primiparous animals in the 12h HAF. The results show that management strategies can have a 

significant effect on animal feeding behaviour but further exploration is required to develop 

optimum strategies to manage the complex interactions present within a grazing herd to facilitate 

individual animals to express optimal feeding behaviour and ultimately animal performance. 
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Chapter 4 The effect of pre-mowing herbage 

prior to in situ grazing on animal performance, 

behaviour and herbage utilisation  
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4.1 Abstract 
Meeting the energy and nutritional requirements of high-yielding dairy cows often remains a 

challenge in pasture based systems due to the low dry matter intakes (DMI) associated with grazing. 

Pre-mowing is a management technique which involves mowing standing herbage prior to in situ 

grazing of the herbage. This study evaluated the effect pre-mowing herbage (PM) vs conventional 

grazing (CG) on grass utilisation, milk production and behaviour of high-yielding dairy cows. Four 

balanced groups of spring calving cows (n=20) were assigned to one of two full-time grazing 

treatments (PM or CG) for a 100 day period. During this time, animals were rotationally grazed with 

fixed paddock sizes of 0.21 hectare (ha). Average pre-grazing herbage mass was 3261 and 3208 

kgDM/ha for the CG and PM treatment, respectively. Post-grazing mass was significantly lower in 

the PM (2010 vs 2060 kgDM/ha) treatment, resulting in a 2% higher herbage utilisation rate. Pre-

mowing did not affect animal performance, with an average daily milk yield of 27.7 and 27.8 

kg/cow/d for the PM and CG treatments, respectively. However, PM influenced animal behaviour 

decreasing ruminating time (-36 mins/cow/d) and average rumination bout length (-1.2 

mins/cow/d) relative to the CG treatment. It is concluded that the costs associated with a pre-mown 

system are greater than the expected return from improved herbage utilisation.  
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4.2 Introduction 
Grazed forage remains the most cost-effective nutrient source for lactating dairy cows within 

temperate climates (Taweel et al., 2006). Previous research has highlighted numerous benefits of 

pasture based systems relative to indoor systems including the improved environmental (O’Brien et 

al., 2012), economic (Dillon et al., 2005) and nutritional quality of milk products (Lahlou et al., 2014). 

However, a major challenge within pasture based systems is low DMI compared to housed animals 

when fed a total mixed ration (TMR). Low DMI is a particular problem with high-yielding cows due 

to their higher total energy demand for milk production, therefore these animals often struggle to 

achieve their maximum milk production within pasture based systems.  

Whilst previous research has highlighted that increasing the herbage allowance per cow can 

increase grass DMI, this method simultaneously results in higher post-grazing residuals (Curran et 

al., 2010, Kennedy et al., 2008a), which can impact pre-grazing sward quality in subsequent rotations 

and lower the utilisation rate of available forage. Macdonald et al. (2018) reported a significantly 

higher (P<0.05) proportion of dead material in summer and autumn swards that had higher (5.5 cm) 

post-grazing residuals in spring, compared to herbage with lower post-grazing residuals (4.0 cm). 

This increase in dead material resulted in reduced herbage quality, with significantly lower (P<0.001) 

crude protein and metabolisable energy. Pre-mowing is a management technique which involves 

mowing standing herbage prior to in situ grazing. This method can potentially achieve a consistently 

lower post-grazing residual throughout the grazing season and therefore maintain sward quality.  

Furthermore, consistently low post-grazing residuals will consequently result in a higher herbage 

utilisation efficiency. Previous research has highlighted that within Northern Ireland, an 

improvement in herbage utilisation by 1 tDM/ha can increase farm profit by £334/ha/yr, improving 

the cost-effectiveness of pasture based systems (DAERA, 2016). Low post-grazing residuals can be 

achieved with grazing dairy cows, however Mayne et al. (1987) observed a significant (P<0.001) 

decrease in milk yield when dairy cows were forced to graze from post-grazing height of 6.0 cm to 

5.0 cm, which may be a result of the effort required to graze to low sward heights. The high level of 
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physical energy required to harvest fresh herbage was highlighted by Dohme-Meier et al. (2014) 

reporting a 19% increase in energy expenditure in grazing dairy cows compared to cows fed zero-

grazed grass. Although some of this difference is undoubtedly attributable to animal movements to, 

from and within paddocks it is likely that the physical activity associated with grazing grass also 

represents a significant energy outlay.  

In addition, Barrett et al. (2001) reported a significant (P<0.05) linear decrease in bite mass as swards 

were progressively grazed throughout the day, reducing intake rate and overall daily DMI. In 

contrast swards that have been mechanically cut e.g., zero-grazing and pre-mowing, bite mass is 

unlikely to be restricted. Previous research on pre-mowing as a grass management technique has 

been limited and produced conflicting results. For example, Kolver et al. (1999) observed pre-

mowing during spring time resulted in reduced milk solids (MS) (-0.11 kgMS/cow/d) relative to 

conventional grazing however pre-mowing during summer increased MS production (+0.13 

kgMS/cow/day) relative to conventional grazing. Contrastingly, Kay et al. (2018) observed pre-

mowing the sward did not impact the performance of lactating dairy cows or herbage quality. These 

studies investigated the effect of pre-mowing herbage on low production dairy cows that can often 

achieve their target nutrient requirements on grass only diets. High-yielding dairy cows have a 

substantially greater nutrient requirement relative to low-yielding dairy cows, and often require 

high levels of supplementation at grass to meet their nutritional requirements (Bargo et al., 2002a).  

Research has highlighted the low DM content of the grazing sward is a primary factor limiting DMI 

within pasture based systems (Kolver and Muller, 1998, Estrada et al., 2004). The relationship 

between increasing DM content and DMI has been reported by Vérité and Journet (1970) observing 

a 1 kgDM/cow increase in DMI for every 40 g/kg increase in grass DM content. Bryant et al. (2016) 

reported three hours after mechanical cutting of the sward, plant DM content was 5.2% greater in 

the cut sward compared to standing sward. Pre-mowing herbage prior to insitu grazing may 



 

116 
 

potentially increase the DM content of the herbage being consumed and subsequently increase 

animal DMI and performance.  

It is hypothesised that for high-yielding dairy cows, pre-mowing techniques may have a more 

beneficial role to play in achieving high DMI whilst also maintaining grass quality throughout the 

season, reducing the energy requirements for harvesting the grazing sward, and improving overall 

animal performance from grass. The objective of this study was to investigate the effect of two 

contrasting pasture management strategies (pre-mowing vs conventional grazing) on herbage 

utilisation, the performance and behaviour of high-yielding dairy cattle.  

4.3 Materials and Methods 
The experiment was conducted at the Agri-Food and Biosciences Institute (AFBI), County Down, 

Hillsborough, Northern Ireland, UK during 2019 (54°27’N; 06°04’W). Procedures in this study were 

conducted under an experimental license granted by the Department of Health, Social Services and 

Public Safety for Northern Ireland (DHSSPSNI) in accordance with the Animals Scientific Procedures 

Act 1986. The experimental licence was granted following a review and approval of the proposed 

study by the AFBI Animal Welfare and Ethics Review Board.  

4.3.1 Experimental design 
Prior to the 100 day (15 May - 23 August) experiment a power calculation determined minimum 

(n=22 per treatment ) animals required for the experiment. Thus the experiment involved 80 spring 

calving dairy cows comprising of 56 Holstein and 24 Holstein x Jersey crossbred cows. Animals were 

divided into four groups with 5 primiparous and 15 multiparous animals in each group, with a mean 

calving date and lactation number of 10 February (s.d., 26.7 d) and 2.2 (s.d., 1.01), respectively. 

Although multiple breeds were required to obtain sufficient animals for the study groups were 

balanced for breed. In addition, groups were balanced for pre-experimental milk yield [mean 34.8 

kg/cow/d, (s.d., 7.34 kg)], live weight (LW) [mean 576 kg, (s.d., 56.9 kg)], body condition score (BCS) 

[mean 2.31, (s.d., 0.116)], milk predicted transmitting ability (PTA) [mean 291 kg, (s.d., 145.1 kg)] 
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and kilograms of fat plus protein PTA [mean 25.1 kg, (s.d. 7.70 kg)]. Balanced groups were assigned 

to one of two treatments (1) conventional grazing (CG) (2) grazing a pre-mown sward (PM).  

Animals began part time grazing on 10 April and commenced full time grazing on 15 April. Animals 

were divided into their treatment groups on 8 May and following a seven day adaption period 

experimental data collection began on 15 May. Animals were offered a grazing concentrate twice 

daily during milking via individual concentrate feeders. The grazing nut consisted of maize, soya 

hulls, wheat, maize gluten, soya meal feed de-hulled, distillers dried grains, sugar beet pulp, 

molasses, minerals and vitamin. The concentrate offered to animals throughout the experiment had 

an average crude protein, acid detergent fibre, neutral detergent fibre, ash and gross energy 

concentrations of 189 (s.d., 3.2), 160 (s.d., 3.7), 318 (s.d., 10.7) and 18.5 (s.d., 0.05) MJ/kgDM, 

respectively. Concentrate was fed at a rate of 6.2 kg/cow/d fresh weight (FW) and 7.2 kg/cow/d FW, 

for primiparous and multiparous animals, respectively.  

Mean monthly rainfall recorded at the experimental site during May, July and August during 2019 

was less than the five year average (Table 4.1). However, total rainfall for June was 44.8 mm greater 

than the five year average between 2014 and 2018. Temperature varied slightly between months 

however the differences observed between 2019 and the five year average were not greater than 1 

⁰C for any month between May and August (Table 4.1).  
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Table 4.1 Accumulated monthly rainfall and average monthly temperature at the experimental site 

during a five year period (2014 – 2018) and 2019.  

 

 

 

4.3.2 Grazing management 
The experimental swards consisted predominately of perennial ryegrass (Lolium perenne L.) with an 

average sward age of six years. The soil type was a slightly gleyed sandy clay-loam (48% sand, 31% 

silt and 21% clay) overlying Silurian shale (greywacke) till. The grazing area was divided into 10 

primary grazing blocks (1.68 ha each), these were established to account for geomorphological 

variations across fields. Each block consisted of four conventional grazing paddocks and four pre-

mown plots (0.21 ha each). Animals grazed plots in a rotation consecutively, grazing a plot, then 

resting plots for a number of days known as a rotational stocking system. Five complete rotations 

occurred over the 100 day study. Grass allocation target rate was 17 kgDM/cow/day throughout the 

study, with target pre- and post-grazing covers across all treatments of 3100 – 3400 kgDM/ha and 

1700 kgDM/ha, respectively. All experimental groups were offered fresh herbage post afternoon 

milking (17:00h). The grazing sward in the PM treatment was mowed daily between 11:00 – 13:00h 

daily using a disc mower (Lely, Splendimo 320) to a height of approximately 5.0 cm. Deflector plates 

were removed from the mower to ensure the herbage covered the whole grazing area and did not 

Rainfall May June July August 

5 year average (mm) 62.3 61.8 74.2 104.1 

2019 (mm) 50.9 106.6 71.6 93.8 

Temperature     

5 year average (⁰C) 10.8 13.6 15.0 14.2 

2019 (⁰C) 10.2 12.6 15.7 15.1 
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lie in swathes. After the first rotation herbage was topped in the CG treatment using the disc mower. 

If post-grazing targets were not achieved non-experimental animals grazed these areas in the 

immediate 24 h following the initial grazing.  

Prior to the experiment, each block was cut and harvested removing the forage from the grazing 

block to establish a ‘grazing wedge’ suitable for rotational stocking system. After cutting, the 

paddocks received 29 kg nitrogen (N)/ha in the form of urea. Thereafter, fertiliser in the form of 

calcium ammonium nitrate (CAN) was applied after each grazing with 36 kgN/ha in rotation one, 

two and three and 27 kgN/ha in rotation four and five. Grazing blocks were all sown on the same 

day, with a total of 164 kgN/ha applied during the experimental period. Fertiliser was pre-weighed 

for each individual paddock prior to application by a tractor mounted fertiliser distributer (Vicon, 

UK).  

4.3.3 Sward measurements 
Pre- and post-grazing herbage height was measured using a rising plate meter (RPM; Jenquip EC10 

Electronic Platemeter, Feilding, New Zealand)); 40 measurements were taken in a ‘W’ formation 

across each paddock. In addition, once weekly all paddocks were measured using a RPM, to monitor 

grass growth rates, to meet target pre-grazing covers. In addition, twice weekly pre- and post-

grazing herbage mass was determined by cutting 3 strips of 4.00 m x 1.07 m with a reciprocating-

knife bar mower (Agria, Moeckmuehl, Germany) to a height of 4.00 cm above ground level. Herbage 

harvested from each strip was weighed and a sub-sample oven-dried at 85 °C for 24 hours to 

determine DM content. Ten rising plate meter (RPM) measurements were taken on the strip 

immediately prior to and after the strip was cut. The pre- minus post-cutting plater meter recordings 

was plotted against the pre- minus post-cutting herbage mass for the same 4.00 m x 1.07 m strips, 

these points were used to create a linear regression equation.  

 

𝐻𝑒𝑟𝑏𝑎𝑔𝑒 𝑚𝑎𝑠𝑠 (𝑘𝑔𝐷𝑀/ℎ𝑎) = (ℎ𝑒𝑟𝑏𝑎𝑔𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 𝑥 213.9) + 854.9 
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In addition, to account for mown herbage remaining on the pre-mown paddocks, herbage left after 

the 24 hour grazing period was calculated by collecting any remaining herbage from 10 randomly 

located quadrats (0.5×0.5 m) in each plot. The herbage was subsequently weighed and DM 

determined by oven drying the material at 85 °C for 24 hours. Therefore, final post-grazing herbage 

mass in the pre-mown treatment is calculated as the post-grazing herbage height plus the herbage 

mass calculated from the quadrats, equation: 

 

Post-grazing herbage mass PM = post-mowing herbage mass + herbage left on plot surface 

= (ℎ𝑒𝑟𝑏𝑎𝑔𝑒 ℎ𝑒𝑖𝑔ℎ𝑡 𝑥 213.0 + 854.9) + (𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 10 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑒𝑠 𝑥 𝐷𝑀 𝑥 4000) 

 

Total herbage utilisation was determined as the difference between available (>4 cm) and consumed 

herbage. Herbage utilisation was expressed as the percentage of herbage consumed to herbage 

available, above 1600 kgDM/ha (=4cm) as used by (Dale et al., 2018) and calculated using the 

following equation:  

 

𝑈𝑡𝑖𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛 =  
(𝑃𝑟𝑒 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 𝑚𝑎𝑠𝑠 − 𝑃𝑜𝑠𝑡 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 𝑚𝑎𝑠𝑠) 𝑥 100

𝑃𝑟𝑒 − 𝑔𝑟𝑎𝑧𝑖𝑛𝑔 𝑚𝑎𝑠𝑠 − 1600 
 

 

In addition, herbage quality was determined from the twice weekly herbage mass cuts, these were 

conducted early morning prior to pre-mowing. Near infrared spectroscopy (NIRS) analysis 

determined DM, CP, WSC, ADF and ME content of the sample using the methodology described by 

Park et al. (1998) for grass silage, with a fresh grass calibration equation. Concentrate samples were 

collected weekly and bulked for each two consecutive weeks. Bulked samples were oven dried at 
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60 °C for 48 h and subsequently analysed for ADF, NDF, N, gross energy (GE) and starch 

concentration by standard wet chemistry technique as described by (Dale et al., 2018). 

On six occasions throughout the experiment, herbage samples were collected over a 24 hour period 

to determine the change in dry matter content of pre-mown and standing herbage. Samples were 

taken from the following plot to be grazed for both treatments, with 15 m strip cut within the pre-

mown paddock to facilitate sample collection. Samples were collected at five time points within the 

24 hour period, prior to cutting (11:00h) and 2, 6, 11 and 21 hours post-mowing. Samples were oven-

dried at 85 ⁰C for 24 h to determine dry matter content of the herbage. Other herbage quality factors 

were not assessed post-mowing. 

4.3.4 Animal performance measurements 
Cows were milked twice daily, between 05:30 and 07:30h, and 15:00 and 17:00h. Individual cow 

milk yields (kg) were recorded at each milking. Milk fat, protein and lactose contents were 

determined weekly from milk samples collected during two consecutive milkings each week. 

Samples were analysed using an infrared milk analyser (Milkoscan Model 605; Foss Electric, Hillerod, 

Denmark). Weighted milk composition for the 24 hour period was determined using the average 

daily milk yield of the previous seven days. Fat plus protein corrected milk yield (FPMY), milk energy 

concentration and milk energy output also known energy corrected milk yield (ECM)  

were calculated following the equations.  

 

𝐹𝑃𝑀𝑌 = (0.337 + 0.116 𝑥 𝑓𝑎𝑡 (%) + 0.06 𝑥 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 (%)) 𝑥 𝑘𝑔 𝑚𝑖𝑙𝑘 

 

𝑀𝑖𝑙𝑘 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑀𝐽/𝑘𝑔)

= (𝑓𝑎𝑡 (𝑘𝑔) 𝑥 0.0384) + (𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑥 0.0223 (𝑘𝑔) + (𝑙𝑎𝑐𝑡𝑜𝑠𝑒 𝑥 0.0199) − 0.108 
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𝐸𝐶𝑀 (𝑀𝐽/𝑐𝑜𝑤/𝑑) = 𝑚𝑖𝑙𝑘 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑥 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑦𝑒𝑖𝑙𝑑 𝑓𝑜𝑟 𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠 7 𝑑𝑎𝑦𝑠 

 

Herbage intakes were measured on all animals over two 12-day periods (14-26 July and 11-23 

August) using the n-alkane technique. This process involved twice daily dosing post-milking with a 

paper tissue bung containing 500 mg of dotriacontane (C32-alkane) for 12 days. During the final six 

days of dosing, faecal samples were collected either in the field by following the cows and collecting 

the sample when voided or by collecting rectal grab samples when the cows were in the collecting 

yard prior to milking. The faecal samples of each individual cow was stored at 4 °C. Following the 6 

day collection the faecal samples were bulked and dried at 60 °C in an oven until constant weight 

was achieved. A sample of the concentrate offered during the collection period was retained and 

dried at 60 °C. Faecal and meal samples were then then milled and analysed for concentrations of 

C32 and C33-alkanes. From day 5 to 11, samples of herbage were collected daily from each 

treatment and stored at -20 °C. These samples were subsequently freeze-dried and analysed for 

concentrations of C32- and C33-alkanes. Extraction of n-alkanes from herbage, faeces and 

concentrate, and the equations used to determine herbage intake, are described by Mayes et al. 

(1986).  

Individual animal LW was recorded twice daily after each milking using an automatic weighbridge 

(BioControl, Norway). Body condition score (BCS) was estimated fortnightly using a five-point body 

condition scoring system. Change in LW and BCS over the course of the experiment were calculated 

as the difference between the initial and final value.  

4.3.5 Animal behaviour measurements 
A tri-axial accelerometer (IceQube, IceRobotics Ltd., Scotland) was attached to each animals’ right-

hind leg over the duration of the experiment. Data was automatically uploaded when animals 

entered the milking parlour twice daily. Fifteen minute data summaries were extracted from the 
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online system (CowAlert, IceRobotics Ltd., Scotland). Data was averaged over two hour windows to 

identify trends over the 24 hour grazing period per paddock. Motion Index (MI) was an index that 

calculated the sum of the net acceleration in the three dimensions minus an offset for gravity per 

hour (Maselyne et al., 2017).  

In addition, a subset of animals (n=13) in each group were fitted with RumiWatch System halter 

(ITIN + HOCH, Switzerland). The subset group was balanced in accordance with initial parameters 

with each group consisting of 4 primiparous animals and 9 multiparous animals. The RumiWatch 

System halters consisted of an oil-filled tube with a built-in pressure sensor across the noseband 

section, a 3-axis accelerometer, data logger and two 3.6 V batteries. The pressure in the oil-filled 

tube altered with jaw movements. These pressure signatures and acceleration patterns were 

collected at a frequency of 10 Hz resolution. Data was collected over three periods; 6 -18 June, 14 - 

26 July and 11 - 23 August. Raw data was stored on 4 GB SD memory card and downloaded after 

each recording period using RumiWatch Manager software (ITIN + HOCH, Switzerland). Based on 

the different pressure signatures and acceleration patterns recorded the RumiWatch Converter 

(version V0.7.4.5) produced hourly data summaries classifying movements into grazing and 

ruminating variables (Table 4.2). This method was detailed and validated for cattle in a grazing 

system by Werner et al. (2018). During the three periods when halters were worn for data recording 

animals were reviewed twice daily to ensure halters were fitted correctly and animals did not have 

any abrasions.  
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Table 4.2 Description of feeding behaviour variables recorded by RumiWatch Halter (Werner et al., 

2019a). 

 

4.3.6 Cost of system 
For a 60 d period from 24 June to 23 August 2019 a daily record of time spent mowing each paddock 

was recorded and  assigned minimum hourly wage set at £8.72. Additionally, fuel usage was 

monitored during this period. The tractor and mower were used only for the experimental purposes, 

and the number of litres of fuel used during this period was calculated per number of paddocks 

mowed. Fuel was costed at 33.53 pence per litre. 

4.3.7 Statistical Analysis 
Data was analysed using Genstat (Genstat Sixteenth Edition, Lawes Agricultural Trust, Rothamsted, 

UK). Grass data and animal DMI was analysed as a linear mixed model (REML estimation method) 

with Field, Block within Field and Plot within Block within Field fitted as random effects. For each 

variable two separate models were fitted. In the first case the fixed model was a factorial 

arrangement of Rotation and Group. The second model was a factorial arrangement of Rotation and 

Treatment.  

Feeding behaviour 
variable 

RumiWatch manager 
variable 

Description 

Feeding time GRAZINGTIME Total time spent feeding in the both the head 
position up or down 

Grazing time EAT1TIME Grazing time with head in down position/ 
Prehension bites and mastication chews in the 
downward position 

Ruminating time RUMINATETIME Time spent ruminating per hour 

Ruminating chews RUMINATECHEW Number of rumination chews per hour 

Number of boli BOLUS Number of rumination boluses per hour 

Chews per bolus CHEWSPERBOLUS Number of chews per rumination bolus 
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Daily milk yields were pre-processed producing a mean weekly milk yield for each cow. Mean weekly 

milk yield, milk quality, ECM, FPMY were analysed as a linear mixed model (REML estimation 

method) with repeated measures (autoregressive model of order 1) week was fitted as the time 

effect and cow fitted as the subject factor. For each variable two separate models were fitted. In the 

first case the fixed model was a factorial arrangement of Week, Parity and Group. The second model 

was a factorial arrangement of Week, Parity and Treatment with Group fitted as an additional 

random effect.  

Behaviour variables were pre-processed by finding the mean of all observations in each two hour 

time slot over 24 hours for each cow and month combination. The resultant data was then analysed 

as a linear mixed model (REML estimation method) with repeated measures (autoregressive model 

of order 1) with the two hour time period fitted as the time effect and the subject factor being a 

combination of cow and month. For each variable two separate models were fitted. In the first case 

the fixed model was a factorial arrangement of Time, Month, Parity and Group with cow being fitted 

as an additional random effect. The second model was a factorial arrangement of Time, Month, 

Parity and Treatment with Group and Cow within Group fitted as additional random effects. The 

adequacy of the models was assessed through visual inspection of the residual plots. 
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4.4 Results 

4.4.1 Herbage quality and utilisation  
 

Table 4.3 Effect of pre-mowing on the pre- and post-grazing mass, herbage utilisation efficiency and 

herbage quality. 

 

1CG= Conventional grazing. 2PM= Pre-mowing. 3SED = standard error of differences. 4DM, dry 

matter. 5CP, crude protein. 6ADF, acid detergent fibre. 7WSC, water soluble sugars. 8ME, 

metabolisable energy.  

The CG treatment displayed a tendency for a higher pre-grazing herbage mass (P=0.072; Table 4.3). 

This tendency is likely driven by the higher pre-grazing mass in the CG treatment in rotation two. 

Post-grazing herbage mass prior to accounting for herbage left on pre-mowing areas was 1787 

kgDM/ha and 2065 kgDM/ha for the PM and CG treatments, respectively (P<0.001). When mown 

lying herbage was accounted for, post-grazing herbage mass in the PM treatment was 2010 

kgDM/ha with the CG treatment still exhibiting a significantly higher post-grazing residual (P=0.012; 

Table 4.3). In addition, significant (P<0.001) rotation and treatment interactions were exhibited with 

post-grazing mass significantly higher in the CG treatment in rotation two, three and four. The lower 

 CG1 PM2 SED3 Sig 

Pre-grazing mass (kgDM/ha) 3261 3208 37.0 0.072 

Post-grazing mass (kgDM/ha) 2060 2010 26.8 0.012 

Utilisation (%) 73.1 75.3 1.26 0.015 

DM4 (g/kg) 170 168 4.27 0.583 

CP5 (g/kgDM) 169 171 3.94 0.968 

ADF6 (g/kgDM) 311 306 4.24 0.354 

WSC7 (g/kgDM) 137 137 5.75 0.732 

ME8 (MJ/kgDM) 10.9 11.0 0.08 0.357 
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post-grazing herbage mass exhibited in the PM treatment subsequently resulted in a 2.2% increase 

in herbage utilisation efficiency (P=0.015; Table 4.3). 

Treatment did not affect herbage quality with an average grass DM and ME content of 169 g/kg and 

11.0 MJ/kgDM, respectively over the course of the study (P>0.05). However rotation (P<0.001) 

significantly impacted herbage quality. In rotation four and five WSC and ME content of herbage 

decreased by 61.3 g/kgDM and 25.4 g/kgDM, respectively. Contrastingly, ADF content was 

significantly (P<0.001) higher in rotation four and five relative to previous grazing rotations.  

Although pre-mowing did not affect grass dry matter content of the pre-grazing standing herbage, 

dry matter content varied considerably between treatments during the 24 h period post-mowing. 

Two hours post allocation of new plot DM content of herbage was 5% greater in the PM treatment 

relative to the CG treatment (P<0.001; Figure 4.1). Six hours post allocation of fresh plot the DM 

content of the herbage was 37% greater in the PM treatment than herbage in the CG treatment 

(P<0.001; Figure 4.1). This difference in DM content was greater with increasing time post-mowing 

(Figure 4.1).  
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Figure 4.1 The percentage change in DM content of the pre-mowing (PM) and conventional grazing 

(CG) treatment at two, six, 11 and 21 hours after time of mowing in the PM treatment. * indicating 

significance of P<0.001  

 

4.4.2 Animal behaviour  
Overall feeding time (time spent feeding in both head up and down position) was similar for both 

treatments with an average feeding time of 589 mins/cow/d. However, grazing time (head in the 

down position only) in the PM treatment was significantly lower, grazing 28.8 mins/cow/d less 

relative to animals in the CG treatment (p=0.036; Table 4.4). Cows in both treatments exhibited 

diurnal feeding patterns, concentrating 85% of their grazing time during the day (05:00 - 21:00h) 

and only 15% of their daily grazing time observed during night (21:00 - 05:00h). Peak grazing time 

was observed in the first six hours after fresh herbage allocation (time of allocation 17:00h) grazing 

on average 47 mins/cow/h during this period for both treatments. An additional smaller grazing 

peak was observed after morning milking, grazing for 27.3 mins/cow/h between 05:00 and 09:00. 

  *                                     *                                     *                                     *                                
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Table 4.4 Effect of pre-mowing on the grazing and ruminating behaviour and activity of lactating 

dairy cows.  

1CG= Conventional grazing. 2PM= Pre-mowing. 3SED = standard error of differences.  

 

Ruminating time was 36 mins/cow/h longer for animals in the CG treatment (P<0.001; Table 4.4). 

This was due to the significantly longer ruminating times observed between 01:00 and 05:00 and 

between 11:00 and 13:00h, following the two main grazing sessions exhibited by animals post 

milking (Figure 4.2). Again, both treatments displayed diurnal ruminating patterns. The greatest 

proportion (55%) of ruminating activity occurred during the night, with 45% of total ruminating 

occurring during the day (Figure 4.2).  

In addition, animals in the PM treatment had a significantly greater number of rumination (P=0.023) 

and grazing (P=0.031) bouts (Table 4.4). Contrastingly however, rumination bout length was 1.2 

mins/cow/bout shorter for animals in the PM treatment (P=0.002; Table 4.4). Grazing bout length 

 CG1 PM2 SED3 Sig 

Feeding time (mins/cow/h) 24.8 24.3 0.49 0.180 

Grazing time (mins/cow/h) 21.0 19.7 0.57 0.036 

Rumination time (mins/cow/h) 17.3 15.8 0.45 0.001 

Number of grazing bouts 
(no./cow/d) 

8.99 9.42 0.24 0.031 

Number of rumination bouts 
(no./cow/d) 

12.3 12.9 0.33 0.023 

Average length of rumination 
bout (mins) 

23.7 22.5 0.44 0.002 

Average length of grazing bout 
(mins) 

29.2 27.9 0.54 0.127 

Motion index (MI/cow/15min) 126 116 4.72 0.070 

Steps (no./cow/15min) 34.5 32.3 1.27 0.239 
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did not significantly differ between treatments (P>0.05; Table 4.4). The CG treatment indicated a 

tendency for a greater daily motion index (P=0.07), due to the significantly greater movement 

activity observed from CG animals in the first six hours following afternoon milking and the first two 

hours following morning milking (P<0.05; Figure 4.2). This was driven by a significantly higher step 

count during these periods, however average daily step count was similar for both treatments 

(pP0.05). 

 

 

 

Figure 4.2 The daily ruminating pattern of the conventional grazing (CG) and pre-mowing (PM) 

treatment. Error bars representing the SED (standard error of differences). 

 

 

 

0

5

10

15

20

25

30

35

17:00 19:00 21:00 23:00 01:00 03:00 05:00 07:00 09:00 11:00 13:00 15:00

Ti
m

e 
sp

en
t 

ru
m

in
at

in
g 

(m
in

/h
)

Time of day

Grazing

Pre-mown



 

131 
 

4.4.3 Animal performance  
 

Table 4.5 Effect of pre-mowing on milk yield, quality, change in live weight and body condition score. 

  

1CG= Conventional grazing. 2PM= Pre-mowing. 3SED = standard error of differences.  

 

Average milk yield for both treatments decreased by 10 kg/cow/d throughout the study with an 

initial milk yield of 32 kg/cow/d in week one and final yield of 22 kg/cow/d in week fourteen. Pre-

mowing herbage did not significantly affect milk yield with average milk yield of 27.8 and 27.7 

kg/day, for the CG and PM treatment, respectively. Additionally, average milk protein content (33.8 

g/kg) and milk fat content (40.2 g/kg; P>0.05; Table 4.5) was similar for both treatments. Similarly, 

milk fat plus protein yield and milk energy output did not significantly differ (P<0.05) between 

treatments. Daily grass DMI was similar (P>0.05) for both treatments with animals consuming on 

 
CG1 PM2 SED3 Sig 

Milk yield (kg/cow/d) 27.8 27.7 1.25 0.977 

Fat (g/kg) 39.6 40.8 0.996 0.152 

Protein (g/kg) 34.0 33.6 0.562 0.451 

Milk fat plus protein yield (kg/cow/d) 2.02 2.06 0.057 0.557 

Milk energy output (MJ/cow/d)  85.6 87.2 1.92 0.567 

Grass dry matter intake (kgDM/cow/day)  10.6 11.0 0.759 0.681 

Change in live weight (kg) -7.6 -11.7 5.02 0.624 

Change in body condition score -0.20 -0.19 0.032 0.758 
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average 10.8 kgDM/cow/d of grass over the two intake measurement periods. Animal live weight 

decreased by an average of 9.7 kg/cow over the 100 day study, however significant treatment 

differences were not observed (P>0.05; Table 4.5). Similarly, pre-mowing did not affect change in 

BCS (Table 4.5).  

4.4.4 Cost of system 
Accounting for labour and fuel costs, pre-mowing in the present experiment increased the daily cost 

of the system by £2.83/d (Table 4.6).  

 

Table 4.6 Labour and fuel costs associated with pre-mowing in a 100 cow herd over a grazing season. 

*Based on costs in 2019 

 

 

4.5 Discussion 
The objective of this study was to determine the effect of pre-mowing herbage prior to insitu grazing  

on herbage utilisation and the performance and behaviour of high-yielding dairy cows. Other than 

imposing the main treatment effect, every effort was taken to ensure all groups were treated the 

same.  

4.5.1 Herbage quality and utilisation  
The lower post-grazing herbage mass observed in the PM treatment in the present study is 

consistent with results from multiple other studies investigating pre-mowing at a range of pre-

 Requirement in study for 

one group 

Daily cost* 

Labour required (mins/d) 15 £2.18 

Fuel Required (l/d) 1.95 £0.65 
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grazing herbage mass (2,000 – 3,400 kgDM/ha; (Bryant et al., 2016, Kay et al., 2018). However, not 

all previous studies including Bryant et al. (2016), accounted for herbage lying in the post-grazing 

herbage mass thus it may not accurately reflect the actual post-grazing residual. The higher herbage 

utilisation efficiency observed in the PM treatment is likely driven by the significantly lower post-

grazing herbage mass achieved in rotation two, three and four. In the present study, herbage 

utilisation efficiency (73 - 75%) is reflective of that achieved by high-yielding dairy cows in pasture 

based systems offered high levels of daily concentrate supplementation (Dale et al., 2018, 

McConnell et al., 2018).  

Contrary to the present experiment, Kolver et al. (1999) reported pre-mowing improved herbage 

quality observing an increase in ME of the pre-grazing sward by 0.2 MJ/kgDM during summer 

months, subsequently increasing milk solid production during these months. The discrepancy in 

results relative to the present study may be a result of the grazing sward in the CG treatment being 

topped once during the 100 day experiment likely assisting in maintaining herbage quality within 

the CG treatment throughout the grazing season. Topping is a management method that is 

commonly practiced on commercial farms in Northern Ireland to maintain herbage quality 

throughout the grazing season, therefore it was implemented within the current study. A leader 

follower system for example having high-yielding cows leading with low yielding cows following may 

create this similar effect of lower post-grazing residuals throughout the grazing system. Additionally, 

similar to the present study, multiple authors observed pre-mowing did not affect herbage quality 

(Kingsbury, 2014, Bryant et al., 2016, Kay et al., 2018), however these studies did not top the 

conventional grazing system throughout the experimental period.   

Although pre-mowing did not impact the DM content of the pre-grazing standing herbage, pre-

mowing impacted herbage DM content over the 24 hour grazing period in each plot. Dry matter 

content of the herbage increased at a significantly greater rate in the PM treatment relative to the 

CG system. This effect is due to the wilting process of herbage post-mowing, increasing the DM 
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content through the curtailment of translocation of water from roots to plant leaves. Bryant et al. 

(2016) similarly observed this effect reporting a 5.2% (P<0.05) greater increase in DM content in the 

herbage mown three hours prior relative to the standing pasture. Likewise, Irvine et al. (2010) 

witnessed pre-mowing increased herbage DM content by 17% (P<0.01) compared to the CG 

treatment, following a 12 – 24h wilt highlighting the effect of wilting on DM content. In the present 

study, the greatest increase in DM content was observed during the first six hours post-mowing this 

is likely due to the first six hour period coinciding with the afternoon when temperatures are 

generally at daily maximum.    

4.5.2 Animal behaviour 
Average grazing and ruminating time in the present study are representative of high production 

dairy cows in pasture based systems (Vance et al., 2012, Dalley et al., 2001). Previous literature has 

reported that lactating dairy cows concentrate the largest proportion of their grazing activity during 

the day, with night grazing representing a small proportion (between 10-15%) (Dalley et al., 2001) 

of total grazing time and therefore contributing marginally to total DMI (Stobbs, 1970). Similar to 

the current study, multiple studies have highlighted lactating dairy cows prefer to ruminate during 

the night (Gregorini et al., 2012, Schirmann et al., 2012). These diurnal grazing and ruminating 

patterns of lactating dairy cows were exhibited by animals in both treatments, indicating pre-

mowing did not influence diurnal grazing and ruminating patterns.  

Bite mass, biting rate and grazing time all contribute to daily DMI (Spedding et al., 1966). Animals 

can compensate for a reduction in one of these factors by increasing another to maintain DMI. 

Research has highlighted that bite mass declines linearly with progressively grazed swards (Barrett 

et al., 2001), however whilst the increase in bulk density as swards are progressively grazed, the 

resultant decrease in bite depth considerably reduced bite mass (McGilloway and Mayne, 1996). 

Within the PM treatment bite mass was not restricted as the herbage was cut to standard height 

prior to grazing. Indeed, this may have been one of the reasons animals in the CG treatment 

exhibited longer grazing times to compensate for a reduction in bite mass as the sward was 
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progressively grazed. The longer grazing time witnessed indicates animals spent a greater 

proportion of their time with their head in the down position grazing this may also be due to the 

animals’ ability to forage and selectively graze. Within the PM treatment the animal had less 

opportunity to select specific grazing areas or parts of plant thus likely reducing grazing time.  

Rumination is a key component of rumen digestion, its primary function is to facilitate the clearance 

of digesta from the rumen. Rumination reduces particle size facilitating greater absorption of 

nutrients from digesta in the small intestine and simultaneously creating physical space in the rumen 

for new material (Kennedy, 2005). The longer average daily ruminating time exhibited by animals in 

the CG treatment is driven by two periods of significantly longer ruminating time observed between 

01:00 and 05:00h and 11:00 and 13:00h after the two main grazing sessions. In the present study 

overall feeding time was similar for both treatments suggesting animals spent the same daily 

proportion of total time eating, highlighting animals in the PM treatment spent a greater proportion 

of their time physically handling and masticating the herbage material in the head up position. 

Indeed this may be required due to the longer particle size of PM herbage consumed, however it 

suggests the potential for greater breakdown of plant components by mastication potentially aiding 

rumination. Gregorini et al. (2013a) previously observed this effect with animals grazing plantain 

and chicory exhibiting more mastication’s during ingestion, resulting in reduced ruminating time.  

In addition, consumption of material of higher DM content as observed in the PM treatment may 

have reduced requirement for rumination. Plant toughness is the resistance to disruption of the cell 

walls. Gregorini et al. (2009d) reported a negative correlation (-0.63; P<0.001) between plant DM 

content and toughness. It is likely herbage in the PM treatment passes through the rumen more 

easily due to increased fragmentation during both ingestion and rumination (Chilibroste et al., 2005, 

Gregorini et al., 2009c). Thus the greater fragmentation of the herbage in the PM sward coupled 

with the greater mastication during ingestion likely resulted in a lower overall ruminating time in 

the PM treatment.  
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Atkins et al. (2020) suggested that a greater distribution in daily feeding activity results in a regular 

supply of feed to the rumen, increasing saliva production and enhancing rumen motility and 

subsequently stimulating the passing of digesta through the rumen. It is likely the pattern of grazing 

behaviour exhibited including a greater number of shorter grazing bouts by animals in the PM 

treatment may have also facilitated ruminating activity.  

Contrary to the present study, Kingsbury (2014) observed a tendency (p=0.057) for greater 

ruminating time between 15:30 and 07:00h for animals on pre-mown herbage compared to animals 

conventionally grazing. In addition, Bryant et al. (2016) reported no effect of pre-mowing on 

ruminating time of lactating dairy cows. Discrepancies between the present results compared to 

previous studies may be due to the different methodologies used. Previous studies have manually 

recorded animal behaviour from observations over a two day period, the present study recorded 

animal behaviour continuously over three periods for a minimum of 10 days in three different 

months. Behaviour is variable and may be influenced by a number of factors including management 

(Kennedy et al., 2009), weather (Herbut and Angrecka, 2018) and social factors (Grant and Albright, 

2001). In addition, visual observations may not have been able to detect behaviour as accurately as 

technological devices the start and end time of rumination bouts and will not have captured during 

the hours of darkness hence continuous monitoring gives a truer reflection of animal activity.  

4.5.3 Animal performance 
The low DM content of herbage has previously been highlighted as a factor limiting herbage DMI 

and subsequently animal performance (Kolver and Muller, 1998). Estrada et al. (2004) observed this 

effect with dairy cows increasing their grass DMI by 134 g for every one percent increase in grass 

DM content, between the ranges of 12-30% DM. Although the longest grazing session in the PM 

treatments coincided with herbage 65.5 g/kg higher in DM content compared to the CG treatment 

and as a result suggesting animal DMI would be greater in the PM treatment however, the present 

study shows treatment did not influence DMI.  
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Contrastingly, Irvine et al. (2010) witnessed pre-mowing decreased DMI by 2.3 kgDM/cow/day 

(P=0.002) despite dry matter content of the pre-mown herbage being 17% greater than the 

conventional grazing system. However, this study further reported pre-mowing herbage consumed 

was lower in quality (lower ME, dry matter digestibility and higher NDF) compared to pre-grazing 

standing herbage in the conventional grazing treatment. Thus Irvine et al. (2010), observed pre-

mowing significantly reduced daily milk yield (2.9 l/cow/d; P=0.04). Pre-mowing in the present study 

did not impact pre-grazing standing herbage quality, although it was not assessed in the current 

study it is likely herbage quality may have decreased during the wilting process as observed by Irvine 

et al. (2010). To date the effect of wilting on animal performance is unknown. This is likely due to 

large variation in extent of wilting and rate which can often be highly influenced by environmental 

conditions.  

Although the current study indicated the potential for lower energy expenditure in the PM 

treatment as evidence by the tendency for lower motion index and significantly lower ruminating 

activity, this was not reflected in improved animal performance. The absence of an increase in milk 

output with the PM system may be a direct result of the animals’ inability to preferentially select 

grazing sites or specific herbage. The selective grazing nature of ruminants has long been identified 

with the preferential selection of leaf material relative to stem (Arnold, 1964). Whilst the current 

study determined herbage quality for both treatments at a set cutting residual of 4 cm, this does 

not necessarily reflect the nutritional quality of what the animals consumed. Grazing herbivores 

tend to select plants that optimise nutrient intake whilst simultaneously minimising energy costs 

(Rivero et al., 2021). Within the CG treatment in particular, foraging and selective grazing would 

have resulted in the consumption of higher quality diet relative to the herbage on offer. Moate et 

al. (1999) reported lactating dairy cows selected a diet approximately 10% higher in in vitro dry 

matter digestibility and 30% higher in crude protein than that in the herbage on offer, regardless of 

herbage allowance. In addition, Jacobs et al. (1999) reported due to selective grazing, dairy cows 

consumed herbage that was 4-22% greater in ME than herbage on offer. Multiple studies have 
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highlighted the benefits of higher levels of CP and ME in the diet resulting in improved performance 

of lactating dairy cows (Broderick, 2003, Law et al., 2009a). However, in the PM treatment herbage 

was mowed and therefore animals were forced to eat a large proportion of stem material along with 

leaf material, thus foraging and selection of plant on both chemical and physical properties was not 

achievable within this treatment. The lack of selectivity and foraging activity in the PM treatment is 

further reinforced by the reduced step count and motion index observed during the two main 

grazing sessions.  

4.5.4 Commercial Implications  
Previous research has indicated Northern Irish dairy farms could increase profits by £334/ha/yr by 

utilising one tDM/ha more each year, assuming the extra herbage consumed is converted into a 

product (DAERA, 2016). Given the increasing costs of production in recent years, this value is likely 

to have increased. An established herbage yield monitoring site at AFBI, Hillsborough, Northern 

Ireland produces on average 11.8 tDM/ha/yr (Huson, 2021), highlighting the potential for high levels 

of herbage growth. However average herbage utilisation rates are as high as 85% on some 

commercial grazing systems in Northern Ireland (Meehan et al., 2019). The present study indicated 

pre-mowing offers the potential of increase of herbage utilisation efficiency by 2%, thus offering the 

potential to increase grass dry matter utilisation of 0.22 tDM/ha. At a similar stocking rate as the 

current study (0.0105 ha/cow/d) an average dairy farm stocking 100 cows would require 26.25 ha. 

Thus, pre-mowing would potentially increasing profitability from pre-mowing by £1928.85/yr.  

Literature has highlighted herbage utilisation efficiency is a key driver in the profitability of pasture 

based systems (Creighton et al., 2011, Hanrahan et al., 2018). However, the additional cost of pre-

mowing for a 100 cow dairy farm over a 183 day grazing season would equate to £2,589.45 

(2.83*5*183). Thus, the additional costs of operating a pre-mowing system are greater than the 

increase in profit achieved through a higher herbage utilisation efficiency indicated in this study. 

However, consideration of larger paddock sizes and therefore reduced mowing time per cow have 

not been accounted for. 



 

139 
 

4.6 Conclusions 
Pre-mowing did not influence pre-grazing herbage quality however pre-mowing resulted in a 2% 

increase in herbage utilisation efficiency. Pre-mowing altered the feeding behaviour of lactating 

dairy cows, reducing daily ruminating time.  However, the reduced energy expenditure of animals 

in the pre-mowing treatment through reducing ruminating and physical activity did not influence 

animal performance. Although the improved herbage utilisation efficiency would potentially 

increase profitability the increased costs associated with pre-mowing are greater than the potential 

gain. 
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Chapter 5 Exploring the potential of animal 

behaviour to measure individual animal dry 

matter intake and understanding the impact 

of weather in temperate environments on 

dairy cow behaviour  
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5.1 Abstract  
Measuring individual animal dry matter intake (DMI) is a particular challenge within grazing systems 

as factors such as herbage quality, sward physiology and weather conditions which can vary rapidly 

throughout and between days resulting in variations in grass dry matter intake (DMI). Currently, 

marker-based methods are the most commonly used for measuring individual animal DMI in pasture 

based systems, however, these approaches are costly, labour intensive and have delayed results. 

Individual animal feeding behaviour, activity, performance, DMI (measured via the n-alkane 

technique) and daily weather data was measured over two periods in both 2018 and 2019. The 

objective of this study was to: 1) determine if animal behaviour parameters are associated with 

individual animal DMI in pasture based systems, and 2) understand the impact of weather 

conditions on animal feeding behaviour and activity in pasture based systems. Milk yield (48 hour 

delay) exhibited a high negative correlation with both air temperature and rainfall. Contrastingly, 

solar radiation displayed a high positive correlation with milk yield (48 hour delay).  Daily rumination 

activity displayed a strong positive correlation with individual animal grass DMI and metabolic DMI 

(pseudo r2>98). Similarly, lying time exhibited a strong positive correlation with animal performance 

(pseudo r2>90). This study highlights the potential for individual animal behaviour to improve the 

measurement of individual animal DMI in pasture based systems.  
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5.2 Introduction 
Understanding DMI is fundamental in ruminant nutrition as it establishes the nutrients that are 

available to the animal for both health and production (NRC, 2001). It is well acknowledged that the 

nutrient intake requirements of a lactating dairy cow vary with live weight, milk yield and stage of 

lactation (Chamberlain and Wilkinson, 1996). However, within pasture based systems daily 

variations in chemical composition (Cajarville et al., 2015) and biomechanical structure of the sward 

(Gregorini et al., 2009d) can often create significant variations in both the fresh weight and DMI of 

herbage consumed. Subsequently, creating variations between and within days of the nutrients 

supplied to animals to meet their nutrient requirements. Previous, literature has suggested ideally 

forage would offer the same chemical and physical attributes as that of a total mixed ration (TMR) 

(Kolver and Muller, 1998). 

In addition, within pasture based systems although grass is generally allocated on a kilogram per 

cow per day basis, in practical terms this is done on an average figure for the whole herd assigned 

to a specific grazing area, creating further  variations in actual DMI between animals within the herd 

are not easily measured or well understood (Werner et al., 2019a). To date measuring individual 

animal DMI in pasture based systems remains a time-consuming, laborious and costly process via 

marker techniques, such as the n-alkane technique (Smit et al., 2005). Furthermore, due to the 

constraint’s marker analysis is not a viable solution to measure individual animal DMI on commercial 

farms. The difficulty associated with measuring individual animal DMI creates several challenges for 

managing dairy cows within a pasture based system.  Firstly the nutrient intake of each individual 

animal is not known therefore nutrient deficiencies cannot be predicted and addressed potentially 

impacting animal health, fertility and production (Goff, 2006, Roche, 2006). In addition, without 

knowing  each individual animal’s DMI, challenges remain in understanding and developing efficient 

management strategies to support and improve the DMI of all animals within the herd (Hennessy et 

al., 2020). Furthermore, it can delay the progression of breeding, as animals with greater voluntary 

intakes and  feed-conversion efficiencies cannot be selected for breeding (Pryce et al., 2014). 
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Understanding animal behaviour in pasture based systems, and the associations with both DMI and 

animal performance is of particular importance to gain a comprehensive understanding of the 

challenges facing dairy production in pasture based systems, and to address these challenges 

through optimal animal management. Animals kept within pasture based systems will expend more 

energy relative to animals in indoor systems (Osuji, 1974, Kaufmann et al., 2011). Dohme-Meier et 

al. (2014) confirmed this effect reporting a significant (P<0.001) increase in the energy expenditure 

of animal grazing compared to animal fed fresh grass indoors.  

Within pasture based systems animals are exposed to larger variations in weather conditions, which 

may potentially cause further variations in animal behaviour, compared to controlled indoor 

environments. Weather conditions such as rainfall, solar radiation and temperature have been 

identified as factors impacting herbage dry matter content (Butris and Phillips, 1987), herbage 

nutritional content (Cajarville et al., 2015), animal health (Polsky and von Keyserlingk, 2017) and 

DMI (West et al., 2003). However, to date little is known about the impact of weather within 

temperate regions on the behaviour of lactating dairy cows, therefore creating difficulties in 

managing the potential negative consequences of unfavourable weather conditions during the 

grazing season. With the increasing likelihood of extreme events due to climate change it is integral 

that research identifies methods to manage animals within these conditions to reduce the potential 

negative impacts (Mozaffari, 2022).  

This study aimed to identify relationships between animal behaviour and the DMI of lactating dairy 

cows, to assist in the development of methods to improve the measurement and management of 

individual animal DMI in pasture based systems. Secondly, this study aimed to understand the 

impact of weather conditions on animal behaviour and support the future development of 

management strategies to alleviate the negative effects associated with extreme weather events 

within pasture based systems. 
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5.3 Material and Methods 
This study was conducted at the Agri-Food and Biosciences Institute (AFBI), Hillsborough, Northern 

Ireland, UK (54°27′ N; 06°04′ W). Following a review by the AFBI Animal Welfare and Ethics Review 

Board an experimental license was granted for all experimental procedures conducted in this study. 

The data consisted of four 12 day measurement periods covering 28 June - 10 July 2018, 8 - 20 

September 2018, 14 - 26 July 2019 and 11 - 23 August 2019.  

5.3.1 Animals  
All experimental animals were milked twice daily between 05.30 and 7.30, and 15.00 and 17.00 and 

were offered a concentrate nut was twice daily during milking calculated. Concentrate allocation 

was calculated weekly after determining grass quality and average milk yield for trial, in order to 

feed the animal for its nutrition requirements, concentrate allocation ranged from 4 kg to 7.5 kg of 

concentrate (fresh weight) per cow per day during the measurement periods.  Animals were in one 

group in 2018 and in two groups in 2019, all lactating dairy cows were grazed on perennial ryegrass 

swards, offered fresh herbage daily post evening milking. Target herbage allocation and pre-grazing 

herbage mass of 15 – 17 kg/cow/day and 3100 – 3400 kg DM/ha, respectively. 

5.3.2 Animal behaviour   
Grazing and ruminating behaviour was monitored using the RumiWatch system (ITIN + HOCH, 

Switzerland). The RumiWatch halter is placed over the bridge of the animal’s nose, the halter 

consists of an oil-filled tube with a built-in pressure sensor, a 3-axis accelerometer and data logger. 

The pressure sensor within the oil-filled tube alters with jaw movements, the pressure signatures 

and acceleration patterns were collected at a frequency of 10 Hz resolution. Raw data was stored 

on 4 GB SD memory card and downloaded after each recording period. RumiWatch Converter 

version V0.7.4.5 was used to classify pressure and acceleration data into a range of grazing and 

ruminating variables, producing one-hour data summaries. Werner et al. (2018) validated this 

system for use within pasture based systems. More recently it has been suggested this behaviour 

monitoring system could form the basis of validation for emerging technologies (Pereira et al., 

2021a).  
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Animal activity was monitored using a tri-axial accelerometer (IceQube; IceRobotics Ltd, Scotland) 

attached to each animals’ back right leg. Data was automatically uploaded when animals entered 

the milking parlour twice daily. Fifteen minute data summaries were extracted from the online 

system (CowAlert, IceRobotics Ltd., Scotland), data was then processed to find the daily lying time 

for each animal.  

5.3.3 Animal DMI and performance measurements  
Individual animal grass DMI was measured twice in 2018 and twice in 2019. In 2018 DMI was 

estimated at 152 and 225 days in milk (DIM) and in 2019 at 163 and 190 DIM. During the DMI period 

animals were fed a pasture based diet supplemented with concentrate during milk with daily 

average concentrate rate of 5.6 and 6.2 kg/cow/day in 2018 and 7.2 and 7.6 kg/cow/day in 2019. 

Individual animal DMI was estimated using the n-alkane technique as described by Mayes et al. 

(1986). Animals were dosed twice daily for 12 days (post each milking) with a paper bung containing 

500 mg of dotriacontane (C32-alkane), and faeces samples were collected from individual cows prior 

to each milking during the final six days. Faecal samples were stored at 4 °C until the final collection 

was complete, after which the 12 individual samples from each cow were bulked, and the bulked 

sample dried at 60 °C. A sample of the concentrate offered during each of the intake measurement 

periods was also dried at 60 °C. Throughout each measurement period, samples of herbage were 

collected daily from the grazing area from day five to 11, herbage was sampled to a similar height 

as that to which the cows were observed to be grazing. Samples were immediately frozen at −20 °C 

and later freeze dried. Faeces, herbage and concentrate samples were subsequently milled and 

analysed for concentrations C32 and C33 n-alkane. The ratio of naturally occurring C33-alkane in the 

herbage to dosed C32-alkane was used to calculate average daily herbage DMI.   
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Animal live weight (LW, kg) was recoded twice daily following each milking using an automatic weigh 

bridge (BioControl, Norway). Grass DMI per kilogram of metabolic live weight (MET DMI) was 

calculated following using equation one (Vance et al., 2012). 

𝑀𝑒𝑡 𝐷𝑀𝐼 = 𝐺𝑟𝑎𝑠𝑠 𝐷𝑀𝐼/𝐿𝑖𝑣𝑒𝑤𝑒𝑖𝑔ℎ𝑡0.75 

Individual animal milk yield (kg) was recorded twice daily at each milking. Milk quality including fat, 

protein and lactose was determined once weekly from two milk samples collected during two 

consecutive milkings. The milk samples were analysed using an infrared milk analyser (Milkoscan 

Model 605; Foss Electric, Hillerod, Denmark). A 4% fat corrected milk yield (FCM) and milk energy 

output (Energy corrected milk yield; ECM) were calculated following equation 2 and 3, respectively. 

A 48 hour delay in milk yield was used to account for the known lag time of climatic effects on milk 

production (West et al., 2003). 

 

4% 𝐹𝐶𝑀(𝑘𝑔/𝑑𝑎𝑦) = (0.4 𝑥 𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠 7 𝑑𝑎𝑦 𝑚𝑖𝑙𝑘 𝑦𝑖𝑒𝑙𝑑) + (15 𝑥 𝑓𝑎𝑡 (𝑘𝑔) 

 

 

𝐸𝐶𝑀 (𝑀𝐽/𝑑𝑎𝑦)

= ((𝑓𝑎𝑡 (𝑘𝑔) 𝑥 0.0384) + (𝑝𝑟𝑜𝑡𝑒𝑖𝑛 (𝑘𝑔) 𝑥 0.0223) + (𝑙𝑎𝑐𝑡𝑜𝑠𝑒 (𝑘𝑔) 𝑥 0.0199)

− 0.108) 𝑥 𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠 7 𝑑𝑎𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑖𝑙𝑘 𝑦𝑒𝑖𝑙𝑑 

 

 

5.3.5 Weather measurements  
Weather data was recorded on site using Davis Vantage Pro 2 weather station (Davis Instruments, 

California, USA) recording rainfall, air temperature, solar radiation and humidity at 30-minute 

intervals. Weather data was collated to calculate average daily temperature (T), relative humidity 

(RH), solar radiation (RAD) and total daily rainfall. In addition, the temperature and humidity index 

(THI) was then calculated using equation 4, this index incorporates the effects of environmental 
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temperature with relative humidity. A THI of 72 has been identified as the threshold of thermal 

comfort for dairy cattle, this equates to a temperature of 25°C and a relative humidity of 50% (Tucker 

et al., 2008). 

 

𝑇𝐻𝐼 = (1.8 𝑥 𝑇 + 32) − ((0.55 − 0.0055 𝑥 𝑅𝐻) 𝑥 (1.8 𝑥 𝑇 − 26))  

 

5.3.6 Statistical analysis  
1) A total of 66 (animals were monitored over the all the periods with an average DIM of 184 (s.d. 

33.9). Animal behaviour measurements were averaged over the six days of faecal sampling during 

the n-alkane technique.  Grass DMI, MET DMI, ECM and 4% FCM over this same period was modelled 

against each behavioural variable in turn using linear mixed model methodology (REML estimation 

method) with the behavioural variable fitted as a fixed effect in each model. Within the model, year 

and animal within year were fitted as random effects while animal parity group 

(primiparous/multiparous) and days in milk were fitted as additional fixed effects. The significance 

of the fixed effects is assessed by comparing an F-statistic against the appropriate F-distribution. In 

all cases the adequacy of the models was assessed by visual inspection of the appropriate residual 

plots. Variables were considered significant when (P<0.05). A pseudo r2 was calculated if a 

significance was observed to determine the level of variance in the data. A higher pseudo r2 value 

indicates a stronger correlation in the data.  
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Table 5.1 The average and standard deviation of the dry matter intake, animal behaviour 

parameters and animal performance data. 

Variable Mean ± s.d. 

Grass dry matter intake (kg/cow/day) 10.8 3.24 

Total dry matter intake (kg/cow/day) 17.7 3.85 

Metabolic dry matter intake (kg/LW0.75) 0.152 0.0293 

Energy corrected milk (MJ/cow/day) 82.4 17.0 

4% Fat corrected milk yield (kg/cow/day) 27.6 6.62 

Lying time (hours:mins/day) 10:59 01:43 

Rumination time (mins/hour/cow/day) 17.0 2.85 

Eating time (mins/hour/cow/day) 20.5 2.22 

Number of eating chews (no./hour/cow/day) 1348 277 

Grazing time (mins/hour/cow/day) 24.4 2.16 

Number of rumination chews (no./hour/cow/day) 1254 336 

Number of boli (no./hour/cow/day) 17.6 3.18 

Chews per bolus (no./hour/cow/day) 28.3 8.67 

 

 

2) Over each 12 day measurement period for each individual animal, daily behavioural data was 

compared to daily weather conditions to determine the association between weather conditions 

during grazing and the behaviour of lactating dairy cows. A total of 1164 individual daily animal 

values were analysed within this study. Each behavioural variable was modelled against each 

weather variable in turn using linear mixed model methodology (REML estimation method) with the 

weather variable fitted as a fixed effect in each model. Animal was fitted as random effects while 

year and days in milk were fitted as additional fixed effects. The significance of the fixed effects was 
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assessed by comparing an F-statistic against the appropriate F-distribution. In all cases the adequacy 

of the models was assessed by visual inspection of the appropriate residual plots. A pseudo r2 value 

was calculated if a significance was observed to determine how much variance there is in the data. 

Variables were considered significant when (P<0.05). A pseudo r2 was calculated if a significance was 

observed to determine the level of variance in the data. A higher pseudo r2 value indicates a stronger 

correlation in the data. 

 

Table 5.2 The average and standard deviation of weather, behaviour, and performance data    

analysed within the study. 

Variable Mean ± s.d. 

Air temperature (◦C) 14.1 2.71 

Rainfall (mm) 2.41 4.19 

Relative humidity (%) 72.3 6.81 

Solar Radiation (RAD) 155 72.6 

Temperature and humidity index 57.5 4.10 

Lying time (hours:mins/day) 10:56 02:22 

Rumination time (mins/hour/cow/day) 17.6 3.23 

Eating time (mins/hour/cow/day) 20.6 3.12 

Number of eating chews (no./hour/cow/day) 1559 271 

Grazing time (mins/hour/cow/day) 24.2 2.98 

Number of rumination chews (no./hour/cow/day) 1115 237 

Number of boli (no./hour/cow/day) 19.5 3.62 

Chews per bolus (no./hour/cow/day) 37.7 7.11 

Milk yield (kg/cow/day) 28.1 6.75 
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5.4 Results 

5.4.1 Relationships between animal behaviour, DMI and production 
Average grass DMI and MET DMI for the study was 10.8 kg/cow/day (s.d. 3.27) and 0.152 

kg/cow/kg0.75 (s.d. 0.60), respectively. The results indicate clear associations between the behaviour 

parameters recorded by the RWS and individual animal DMI in pasture based systems. A significant 

strong positive relationship was displayed between animal grass DMI and rumination activity, 

including rumination time (pseudo r2=98.65), rumination chews (pseudo r2=98.81), number of boli 

(pseudo r2=98.75) and chews per bolus (pseudo r2=98.81; Table 5.3). A similar, strong positive 

relationship was evident with MET DMI and rumination activity, with the relationships between the 

different rumination displaying a pseudo r2 value of over 97 (Table 5.3). Contrastingly, individual 

animal grass DMI exhibited a strong negative relationship with eating chews (P=0.016; pseudo 

r2=98.84). This significance (P<0.001) increased with MET DMI with a similar level of correlation 

observed in the data (pseudo r2=97.61). Eating time had no significant effect (P>0.05) on grass DMI 

or MET DMI (Table 5.3). Grazing time displayed a tendency (P=0.055) for a negative relationship 

with grass DMI, this same relationship was significant  between grazing time and MET DMI (P=0.033; 

pseudo r2=97.61; Table 5.3). No relationship was observed between animal lying time and both grass 

DMI and MET DMI in the present study.  

Strong positive correlations were exhibited between animal lying time and both 4% FCM (P=0.008; 

pseudo r2=96.76) and ECM (P=0.006; pseudo r2= 90.61). No significant correlations were observed 

between eating time, grazing time, rumination time and animal performance. However, the number 

of animal eating chews displayed a strong positive correlation with 4% FCM (pseudo r2=95.09) and 

ECM (pseudo r2=94.56). Contrastingly, both rumination chews and chews per a bolus exhibited a 

strong negative correlation with 4% FCM and ECM (Table 5.4). Whilst the number of boli 

regurgitated exhibited no associations with 4% FCM contrastingly, the number of boli regurgitated 

displayed a strong negatively correlation with ECM (P=0.014; pseudo r2=94.44). 
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Table 5.3 The relationship between animal behaviour variables and grass DMI, DMI per kg metabolic 

bodyweight and animal performance.   

 

Values in the table are pseudo r2 values for significant interactions observed, (+) indicates a positive 

relationship between row and column variables; (−) indicates a negative relationship between the 

row and column variables. 1Grass DMI calculated via the n-alkane technique 2 Total DMI per kilogram 

of metabolic 3 4% Fat corrected milk yield 4 Energy corrected milk yield  

 

 

 

 

 

 

Behavioural Variable Grass DMI1 MET DMI2 4% FCM 3 ECM4 

Lying time NS NS 96.76 (+) 90.61 (+) 

Rumination time 98.65 (+) 97.96 (+) NS NS 

Eating time NS NS NS NS 

Number of eating chews 98.84 (-) 97.61 (-) 95.09 (+) 94.56 (+) 

Grazing time NS 97.61 (-) NS NS 

Number of rumination 
chews 

98.81 (+) 98.44 (+) 95.91 (-) 97.17 (-) 

Number of boli 98.75 (+) 98.30 (+) NS 96.85 (-) 

Chews per bolus 98.81 (+) 98.52 (+) 94.44 (-) 96.70 (-) 
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5.4.2 Relationships between animal behaviour and weather conditions.  
This study highlighted the impact of weather on animal feeding behaviour and activity (Table 5.4). 

Air temperature, solar radiation and THI displayed a moderate positive correlation with animal lying 

time (Table 5.4). Contrastingly rainfall (pseudo r2=62.51) and humidity (pseudo r2=60.75) displayed 

a moderate negative correlation with animal lying time (Table 5.4).  

Air temperature, rainfall and THI exhibited weak positive correlation (P<0.001) with rumination 

activity (including rumination time, rumination chews, number of boli and chews per bolus). 

Contrastingly, rumination activity displayed a weak negative correlation with daily rainfall, with all 

rumination factors displaying a pseudo r2 value of less than 40 indicating a weak level of correlation 

in the data (Table 5.4). Similarly, a significant weak negative correlation was exhibited between 

rumination time (P<0.001; pseudo r2=30.64), number of rumination chews (P<0.001; pseudo 

r2=32.79), number of boli (P<0.001; pseudo r2=38.45), chews per bolus (P=0.026; pseudo r2=34.94) 

and humidity (Table 5.4). Solar radiation exhibited a weak negative relationship with animal 

rumination time (P=0.005; pseudo r2= 30.04), number of rumination chews (P=0.008; pseudo 

r2=32.56), number of boli (P<0.018; pseudo r2=38.12) however the number of chews per boli did not 

exhibit a significant correlation with solar radiation. In addition, significant (P>0.05) associations 

were not observed between both solar radiation and rainfall, and animal eating time, grazing time 

and eating chews (Table 5.4). Contrastingly, air temperature and THI exhibited a weak negative 

relationship (P<0.001) with eating time, grazing time and eating chews (Table 5.4).  

A strong positive correlation was exhibited between solar radiation and a 48 hour delay in animal 

milk yield (P<0.001; pseudo r2=80.01). On the other hand, a 48 hour delay in animal milk yield 

displayed a strong significant negative correlation with air temperature (pseudo r2=79.8) and rainfall 

(pseudo r2=80.03; Table 5.4).  
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Table 5.4 Displaying the relationships between animal behaviour metrics and weather conditions. 

 

Values in the table are pseudo r2 values, (+) indicates a positive relationship between row and 

column variables; (−) indicates a negative relationship between the row and column variables.   

 

 

 

 

 

 

 Weather variables 

Behavioural Variable 
Air 

temperature 
Rainfall 

Relative 
Humidity 

Solar 
Radiation 

THI 

Lying time 61.41 (+) 62.51 (-) 60.75 (-) 62.31 (+) 60.39 (+) 

Rumination time 33.39 (+) 31.58 (-) 30.64 (-) 30.04 (+) 33.44 (+) 

Eating time 44.58 (-) NS 43.64 (+) 42.75 (-) 44.51 (-) 

Number of eating chews 50.39 (-) NS 49.92 (+) NS 50.35 (-) 

Grazing time 32.42 (-) NS 30.84 (+) NS 32.28 (-) 

Number of rumination chews 35.89 (+) 33.75 (-) 32.79 (-) 32.56 (+) 35.95 (+) 

Number of boli 41.31 (+) 38.95 (-) 38.45 (-) 38.12 (+) 41.33 (+) 

Chews per bolus 37.14 (+) 35.78 (-) 34.94 (-) NS 37.2 (+) 

Milk yield* 79.8 (-) 80.03 (-) NS 80.01 (+) NS 
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5.5 Discussion  
The factors impacting individual animal DMI within a dairy herd at any one time throughout the 

cows’ lactation are complex. Excluding animal factors (which were not studied here), the external 

impacts of sward physical structure, quality, and presentation along with the weather conditions 

experienced by both the cow and swards during grazing can have significant and complex impacts 

on animal DMI and consequently animal performance. This study aimed to identify relationships 

between animal DMI and weather conditions with animal behaviour to better understand how to 

maximise animal DMI and performance within pasture based systems.  

5.5.1 Lying time 
Lying behaviour in lactating dairy cows can account for more than 50% of their daily time (Vasseur 

et al., 2012). The lying time of lactating dairy cows can be affected by multiple factors including stage 

of lactation (Vasseur et al., 2012), lying area (Fregonesi et al., 2007), animal grouping (Galindo and 

Broom, 2000), oestrus (Jónsson et al., 2011) and lameness (Ito et al., 2010). Similar to the results 

presented in the current study, Calamari et al. (2009) observed a positive correlation between 

animal lying time and animal production. Furthermore, in primiparous animals a multiple regression 

analysis indicated for each extra hour standing it consequently decreased (P<0.05) milk production 

by 0.34 kg/cow/day (Mattachini et al., 2020). To date limited research has investigated the impact 

of lying time on DMI. However, similar to our results Schirmann et al. (2012) reported no significant 

effect of lying time on animal DMI.  

Lovarelli et al. (2020) identified seasonality can impact the lying time of dairy cows, reporting 

animals lay for approximately two hours longer each day during the winter season in Northern Italy 

compared to the summer season. This in agreement with multiple studies that reported lying time 

decreased with high THI’s (West, 2003, Anderson et al., 2013, Herbut and Angrecka, 2018). As 

aforementioned THI is a measurement often used to identify the level of at which environmental 

conditions exceed the thermal comfort zone of cattle. Whilst a THI value of 72 is known as the upper 

threshold of thermal comfort in cattle (Bohmanova et al., 2007), recent research has suggested a 
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lower threshold (between 60 and 68) could be more appropriate for high-yielding dairy cattle 

(Dunshea et al., 2013, Carabano et al., 2016). A THI greater than the animals thermal comfort 

induces heat stress, which occurs when animals generate more heat through metabolic processes 

and activity than they can expel, leading to challenges in thermoregulation (Polsky and von 

Keyserlingk, 2017). To date research has focused more on the impact of factors such as heat stress 

on animal behaviour rather than the direct impact of variable weather conditions which often may 

not meet the criteria required to induce heat stress in more temperate climates. Previous literature 

has identified a clear negative relationship between heat stress and animal lying time (Cook et al., 

2007). Contrastingly, the current study observed lying time, which was recorded by the IceQube 

sensors used in this study, displayed a moderate positive correlation with both air temperature and 

THI. This unexpected result is potentially due to the milder conditions experienced during the course 

of the study, when animals were not likely to suffer heat stress, with a maximum daily temperature 

of 22°C and THI of 68 recorded in the present study. In agreement, Tucker et al. (2008) similarly 

observed a positive relationship between animal lying time and air temperature in dairy cattle. The 

similar results observed are likely due to the milder conditions to the present study, with average 

daily temperature and THI of 19.5°C and 65.6, respectively, thus these conditions did not surpass 

the animals thermal comfort zone (Tucker et al., 2008).  

The negative relationship observed between rainfall and animal lying time has previously been 

reported within current literature. Tucker et al. (2008) reported dairy cows exposed to wet weather 

conditions stood for prolonged periods, resulting in lower than normal lying time. Hendriks et al. 

(2019) further confirmed this effect on dairy cows with decreased lying times as a result of increased 

levels of rainfall. This relationship was also witnessed in a separate study with dairy heifers, which 

were seen to be stood continuously for almost 24 hours when exposed to wet and windy weather 

(Kiernan, 2004). The relationship between lying time and animal milk yield was further reinforced 

with the negative association with rainfall and positive association with air temperature, solar 

radiation and THI with both lying time and the 48 hour delay in animal yield. 
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Lying time is an indicator of animal welfare and comfort and therefore should be monitored within 

dairy farms (Overton et al., 2002). Along with this, the positive association with lying time and animal 

performance, suggests management methods should focus on maximising animal lying time. 

Although the weather conditions animals experienced in the current study were quite typical of 

summer conditions in Northern Ireland, and no extreme events were recorded, with the increasing 

likelihood of extreme weather events associated with climate change (Thornton et al., 2014). 

Previous research has reported offering areas of shade during periods of high THI and temperatures 

can reduce rectal temperature (Tucker et al., 2008) therefore potentially improving animal comfort 

and increasing lying time. Within Northern Ireland temperate climate, it will be essential for 

management strategies to adapt and encourage lying time during periods of significant heat stress, 

but also to consider provisions to improve animal lying time during more typical conditions such as 

wet weather.. Such adaptions may include offering shelter such as hedges, shelter structures within 

paddocks or open access to barns. These adaptions will assist animals in maintaining their daily lying, 

and consequently increasing animal performance. 

5.5.2 Ruminating behaviour 
Rumination is a key function within the digestive system of lactating dairy cows, it reduces the size 

of feed particles ingested, facilitates the absorption of nutrients further down the digestive tract 

and creates room within the rumen, stimulating feeding (Kennedy, 2005, Gregorini et al., 2013b). 

The positive correlation with grass DMI and rumination time exhibited is in agreement with previous 

studies (Yang et al., 2001). Clement et al. (2014) reported in their model rumination time was a 

significant contributor in calculating DMI, predicting a 0.031 kg/day increase in DMI for every hour 

increase in rumination time. In addition, Sjostrom et al. (2019) observed daily ruminating time 

significantly (P<0.05) increased during winter periods when animals were consuming more feed. 

Indicating the potential of rumination time to assist in the measuring of individual animal DMI in 

pasture based systems.  
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Johnston and DeVries (2018) further reported a positive association with rumination time and milk 

yield, with their model predicting a 1.26 kg/day increase in milk yield for every one hour increase in 

rumination time. Although a positive association of rumination time with milk yield would be 

expected in the current study, due to the positive association between rumination activity and DMI, 

no significant relationship was detected between daily rumination time and 4% FCM or ECM yields. 

The absence of a significant association with rumination time and animal performance is possibly 

due to the small sample size involved in this study compared to the large range of factors that can 

potentially influence animal rumination activity. Whilst some of these factors were accounted for in 

the analysis conducted, including days in milk and animal parity factors, it was not possible to 

account for other variables such as selective grazing (Beauchemin, 2018). Rumination activity in 

grazing systems is likely to vary depending on the grazing sites selected by each individual animal, 

influenced further by herd dynamics and the dominance hierarchy in combination with the grazing 

pressure created by the grazing management system applied (Pollock et al., 2022), and thus is likely 

to cause variation between animals and studies.  

In addition, rumination activity of cattle has been reported to be positively correlated with NDF 

intake (Welch and Smith 1970). Likewise, Beauchemin (1991a) reported an increase in chewing 

activity with increasing fibre content (P<0.01). Therefore, the greater rumination activity witnessed 

in this study without the expected increase in animal productive performance may be result of 

increased NDF intake. Consuming herbage of poorer quality would require a greater DMI to meet 

the animals’ nutrient requirements. Therefore, the absence of an increase in milk production 

although DMI would increase may also be due to the quality of feed ingested, further highlighting 

the impact of the chemical and biomechanical sward ingested on animal behaviour and 

performance.  Currently monitoring the chemical and biomechanical quality of feed consumed is 

difficult within pasture based systems, to account for this variation and to further understand the 

complex behaviour of lactating dairy cows’ large scale and repeated studies are required. 
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A positive association with both lying time and rumination time with DMI was to be expected as 

dairy cows perform most of their rumination activity whilst lying, these activities both have similar 

diurnal patterns focusing the largest percentage of their time during the night (Beauchemin, 1991b, 

Schirmann et al., 2012). Similarly, Acatincăi et al. (2009) observed animals spent 63.4% of their time 

ruminating whilst lying down. Whilst restricting lying time will reduce rumination time, this will not 

occur to the same extent as cows will compensate for reduced lying time by ruminating while 

standing (Tucker et al., 2021). However, in the current study lying time did not show display similar 

relationships to rumination time.  

The increased significance of the relationship between rumination activity and MET DMI compared 

to grass DMI is likely due to accounting for animal metabolic live weight. Previous literature has 

displayed positive relationships between animal live weight and DMI, Peyraud et al. (1996) reported 

an increase in herbage intake of 1.0 to 1.5 kg OM (organic matter) per 100 kg live weight. Likewise, 

studies have suggested older heavier cows are more efficient and dominant grazers which may 

result in an increase in DMI (Yang et al., 2001, Sjostrom et al., 2019). Gregorini et al. (2013b) also 

reported a positive relationship between daily rumination time and age. 

Contrary to the present study, multiple studies have observed a negative relationship both between 

maximum THI and rumination time (Soriani et al., 2013, Acatincăi et al., 2009). Acatincăi et al. (2009) 

observed decreases in rumination time with increasing air temperature, although this effect was 

witnessed at air temperatures above 27-28°C. Animals exposed to these high temperatures would 

likely be impacted by heat stress, and heat stress has been shown to negatively impact rumination 

activity by reducing rumen activity and motility (Attebery and Johnson, 1969, Silanikove, 1992). 

Indeed, Moallem et al. (2010) indicated that the primary negative effect of heat stress was a 

reduction in rumination time, subsequently resulting in a reduction in DMI and milk yield. Grant and 

Albright (1995) similarly reported heat stress is linked to a decrease in DMI of lactating dairy cows 

however, offering cows shade increased feed intake relative to cows without shading. 
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The effects of heat stress are more likely to be observed on high-yielding Holstein cows such as those 

in the present study compared to lower yielding dairy breeds such as Brown Swiss (West et al., 2003, 

Correa-Calderon et al., 2004), due to their greater metabolic heat and thicker skin (Kadzere et al., 

2002, Alfonzo et al., 2016). The thermal neutral zone ranges between -5 and 25°C for lactating dairy 

cows, within this zone dairy cows require no additional energy above maintenance to cool or heat 

their body (Avendaño-Reyes, 2012). In the current study air temperature and THI ranged from 10 to 

22°C and 50 to 68, respectively, therefore animals within the study would not be considered to have 

been in thermal discomfort (Berman et al., 1985, Acatincăi et al., 2009, Soriani et al., 2013).  

In addition, although the level of correlation was weak, the present study identified a positive 

correlation between air temperature, THI, solar radiation and rumination activity and a negative 

association between rainfall and rumination activity. This is likely due to the impact these weather 

conditions have on the grazing sward, with warm dry conditions contributing to higher grass DM 

content, and rainfall to have lower DM content and additional external water lying on the sward. 

Although literature on the impact of factors influencing herbage DM content is limited within silage 

systems DM content of the grass cut is highly influence by both rainfall and solar radiation (Haigh, 

1990) Likewise, Wright et al. (2000) reported increasing light intensity significantly increased 

(P<0.001) grass DM content. Whilst literature has suggested maximum DMI in dairy cows can be 

achieved when grass dry matter content is between 24-28%, often within temperate climates the 

grass produced is of a lower DM% and does not reach this target (Duckworth and Shirlaw, 1958). In 

addition, Cabrera Estrada et al. (2004) reported the internal water is a factor limiting voluntary feed 

intake, as DMI significantly (P<0.05) increased with drying even though there was no significant 

change in the chemical composition of the perennial ryegrass (Lolium perenne; PRG) forage. Vérité 

and Journet (1970) similarly found that dairy cow DMI increased with the increasing DM content of 

PRG, Italian ryegrass (IRG), lucerne and natural pasture. This study observed daily dairy cow DMI 

increased by 208 g/kg DM for every one percent increase in DM content between 12 and 22%. These 

results indicate the potential impact of surface water such as rainfall and drying of the plant through 
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increase temperature and solar radiation can have on plant DM content, and subsequently grass 

DMI. However, the low pseudo r2 observed between weather and animal rumination activity in the 

current study indicates a low level of correlation between the data.  

5.5.3 Feeding behaviour 
Similar to rumination and lying behaviour, animal feeding (eating and grazing) behaviour follows a 

diurnal pattern however, the majority of feeding activity is concentrated during the daylight hours 

(Gregorini, 2012). Detailed information regarding the impact of feeding and grazing behaviour on 

animal DMI is scarce. Whilst, Huzzey et al. (2007) identified a positive relationship between feeding 

time and DMI when  investigating factors associated with metritis in dairy cattle, this would be 

expected as ill health is known to significantly alter the feeding  activity, DMI  and performance of 

cattle (Norring et al., 2014, Schirmann et al., 2016). 

Johnston and DeVries (2018) reported feeding time was positively associated with milk yield, and 

for every one hour increase in feeding time per day DMI is predicted to increase by 0.96 kg/day. 

Similarly, Bao et al. (1992) observed total grazing time was significantly (P<0.001) greater for high 

genetic merit cows that produced more milk relative to low genetic merit cows. However, Schirmann 

et al. (2012) reported a negative correlation (P=0.03) between daily rumination time and feeding 

time, suggesting that the cows that ruminate more spent less time feeding. This effect was 

witnessed within the present study, with rumination time positively associated with DMI, but 

grazing time negatively associated with DMI. This trade-off is likely due to the fact animals can’t 

ruminate and graze at the same time.  

Similarly, evidence describing the direct impact of weather conditions on feeding behaviour is 

limited. However, studies have identified impact of weather on the grazing sward and how that can 

in turn impact animal feeding behaviour. Cabrera Estrada et al. (2003) suggested that surface water 

such as rainwater would be swallowed quickly during eating without being chewed. Contrastingly, 

this study showed that internal water in the plant cannot be swallowed immediately and must be 

masticated, indicating that lower DM swards require increased chewing activity. Increased solar 
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radiation and air temperature are likely to increase in sward DM content, and as witnessed in this 

study eating time and number of eating chews are therefore likely with warm and dry weather 

conditions due to the drier plant. Additionally, it is known that cows can alter their grazing behaviour 

to increase DMI depending on the grazing conditions offered. For example, although grazing time 

decreases when access to herbage and the grazing areas is restricted, animals significantly (P<0.05) 

increased their bite mass to maintain DMI (Gregorini et al., 2009a, Kennedy et al., 2009). 

Additionally, Gregorini et al. (2009a) observed that restricting access to the grazing areas resulted 

in a animals decreasing their time spent foraging and selecting specific grazing sites. 

5.5.4 Utilisation of precision technologies 
Precision technologies are becoming more widely available and currently are used to assist in 

monitoring animal health (Ito et al., 2010), fertility (Jónsson et al., 2011) and welfare (Tucker et al., 

2021) in both scientific and commercial settings. Through the use of precision technologies to 

monitor animal behaviour over several consecutive days this study was able to identify associations 

between rumination activity and animal DMI. By identifying the associations between DMI and 

animal behaviour we can gain further insight into these intricate relationships, which in turn will 

contribute to the improved management of cattle within pasture based systems. This may be in the 

form of improved modelling to predict animal behaviour and associated productivity, or the 

development of decision support tools to assist farmers in the development of efficient pasture 

based systems and to support increased DMI and ultimately animal performance on farm.  

Additionally, this study indicated weather can affect animal behaviour even within temperate 

climates, highlighting the potential to alter management systems to reduce the negative impacts 

reported on animal behaviour and subsequently potentially improve animal DMI and performance. 

The ability of precision technologies to continuously monitor dairy cow activity will allow for the 

earlier identification of the associated negative impact of weather on animal behaviour to be 

managed, such as lower lying times associated with high levels of rainfall, and would enable the 

evaluation of changes to mitigate these impacts, such as offering shelters to facilitate increased lying 
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time during these periods. However, this study displayed a weak level of correlation between animal 

feeding behaviour and weather variables, this may be a result of the large variation in weather 

conditions within each day. Future studies should focusing on smaller time periods throughout the 

day however this would require a large scale study with large numbers of replicate and 

consideration of diurnal grazing and ruminating patterns.   

5.6 Conclusion 
In general, these results show that it is difficult to draw simple conclusions about the impact of 

animal behaviour on DMI and subsequently individual cow performance, however the results 

indicate that behavioural variables such as rumination time, eating chews, rumination chews and 

chews per a bolus are strongly associated with DMI and may therefore offer the potential to improve 

the prediction of individual animal DMI if incorporated into future DMI models. Although the 

weather conditions recorded in the present study were representative of a temperate climate 

where the effects of heat stress and drought conditions are relatively rare, nevertheless this study 

highlights that even within temperate climates, weather can impact animal behaviour. Developing 

strategies to deal with the negative effects of environmental conditions on will be essential to deal 

with the ever impending consequences of climate change, with more variable weather conditions 

likely to be encountered in the UK (Hanlon et al., 2021).  
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6.1 Introduction 
Although existing research has identified the extensive benefits associated with increasing the 

proportion of fresh grass in dairy cow diets (Dhiman et al., 1999, Dillon et al., 2005, O’Brien et al., 

2012, Schuppli et al., 2014, Wilkinson et al., 2019), the increase in milk production observed in 

Northern Ireland between 2005 and 2018 has been largely driven by a greater reliance on purchased 

concentrate feed with a reduction in milk from forage (DAERA, 2021b). Despite significant 

improvements in dairy cow milk production through advances in genetic merit over recent decades, 

lactating dairy cows often fail to achieve their potential performance in pasture based systems due 

to the lower dry matter intakes (DMI) associated with these systems relative to indoor systems 

feeding a total mixed ration (TMR) (Kolver and Muller, 1998, Bargo et al., 2002a).  

Whilst the literature review identified management strategies to increase animal DMI and 

subsequent animal performance at pasture based systems through increasing the quantity of fresh 

herbage offered however, this method can result in reduced herbage utilisation efficiency and 

herbage quality throughout the grazing season, consequently reducing the overall cost-

effectiveness of the pasture based system (McEvoy et al., 2008, Curran et al., 2010, Ganche et al., 

2013, Dale et al., 2018). Therefore, these management techniques are not implemented on 

commercial dairy farms. Utilising Northern Irelands’ competitive advantage of a temperate 

environment for the growth of high quality herbage to support animal performance from fresh 

herbage swards will help to ensure the long-term sustainability of dairying systems in Northern 

Ireland. However, balancing high grass DMIs with efficient and cost-effective herbage utilisation 

whilst maintaining herbage quality throughout the grazing season remains a major challenge on 

Northern Irish dairy farms. The studies described in this thesis in chapters 2 and 4 aimed to 

determine how novel management strategies such as altering the frequency of fresh herbage 

allocation and pre-mowing herbage sward prior to in situ grazing affected the performance of high-

yielding dairy cows, herbage quality and herbage utilisation efficiency. 
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Whilst it is well understood that ruminants spend a large proportion of their time and energy on 

both grazing and ruminating activities (Susenbeth et al., 1998, Kaufmann et al., 2011, Dohme-Meier 

et al., 2014), to date there has only been limited literature published on the impact of management 

strategy and external factors on the behaviour of high-yielding dairy cows in pasture based systems. 

With greater availability and improved accuracy of precision technologies monitoring individual 

animal behaviour is more accessible, as reported in chapter 3 and 4 which investigated the impact 

of management strategy on animal behaviour recorded using the RumiWatch halter system and 

IceQube activity sensors. In addition, chapter 5 aimed to assess the associations between animal 

behaviour, DMI and weather conditions. Current methods to measure individual DMI in pasture 

based systems are labour intensive and produce delayed results, however without an understanding 

of the intake of nutrients it is difficult to maximise DMI and milk from forage in pasture based 

systems.  

6.2 Synthesis of results 

6.2.1 Animal performance  
It was hypothesised in chapter 2 that decreasing the frequency of fresh herbage allocations from 

the typical 12 hour intervals practised on commercial farms would positively impact the 

performance of high-yielding dairy cows by reducing inter-animal competition during each grazing 

period due to the greater grazing space and greater herbage allowance in the first 24 hour period, 

specifically for subordinate (primiparous) animals. Furthermore, by still maintaining relatively short 

grazing windows (up to 36 hours) for each area of the grazing platform, it was hypothesised that 

both herbage utilisation and herbage quality would be maintained. The results in chapter 2 

supported this hypothesis and highlighted that reducing herbage allocation frequency positively 

impacted animal performance, with animals in the shortest (12h) allocations exhibiting the lowest 

milk fat plus protein yield in period two (P2). This is in agreement with previous studies by Dalley et 

al. (2001) and Verdon et al. (2018) who reported that frequent herbage allocations reduced animal 

performance, however allocations within these studies were relatively high (six and seven daily 
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allocations, respectively) in comparison to standard grazing practices. Additionally in chapter 2, 

treatment and parity group interactions were exhibited. Reducing the frequency of fresh herbage 

allocation from 12h or 24h to 36h herbage allocations resulted in the significant improvement of 

the performance of primiparous animals, observed through a significant increase in milk energy 

output. Additionally, primiparous and multiparous animals had a similar milk energy output within 

the 36h treatment, in contrast with the other two treatments where primiparous animals produced 

a significantly lower milk energy output relative to their multiparous group counterparts. The results 

from chapter 2 therefore highlight reducing the frequency of fresh herbage allocation from 12h and 

24h allocations that are commonly practiced on commercial dairy farms, to 36h herbage allocations 

presents a viable management option to reduce the negative effects of inter-animal competition 

and reduce constraints on individual animal nutritional intakes within grazing herds whilst 

simultaneously maintaining a high level of herbage utilisation efficiency. 

Furthermore, the varying impact of management strategy on the performance of primi- and multi-

parous animals observed in chapter 2 indicates that future research conducted in lactating dairy 

cows should consider investigating parity and treatment interactions to ensure improved 

performance of a particular parity group or sub group does not disadvantage another within the 

herd. This is particularly relevant in relation to lower ranking primiparous animals as they often 

struggle to achieve their optimum DMI and performance due to competition with the older and 

more dominant animals (Krohn and Konggaard, 1979, Phelps and Drew, 1992). Hence many studies 

suggest feeding and managing primiparous separately, however it is often not viable to manage 

multiple grazing herds within commercial dairy systems (Sniffen et al., 1993, Oltenacu and Broom, 

2010).   

The literature review identified low DM content of herbage (relative to a TMR) is a major factor 

limiting dairy cow DMI and subsequently performance within pasture based systems. Therefore it 

was hypothesised that pre-mowing (PM) prior to in situ grazing would increase sward DM content 
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and grass DMI and animal performance. In addition, research has shown cows that are forced to 

graze down to low post-grazing residuals in order to maintain grass quality can result in a significant 

decrease in animal performance (Mayne et al., 1987). The results from chapter 4 highlighted pre-

mowing herbage prior to in situ grazing had no effect on the performance of high-yielding dairy 

cows. These results are in agreement with previous research investigating the effect of pre-mowing 

on lower yielding dairy cows  (Bryant et al., 2016, Kay et al., 2018).  

Chapter 5 highlighted the delayed impact of weather conditions within temperate environments on 

daily milk yield, with milk yield negatively associated with rainfall, air temperature and THI and 

positively associated with solar radiation occurring 48 hours previously. This coupled with the 

differences in weather conditions observed between 2018 (chapter 2) and 2019 (chapter 4), and the 

increasing likelihood of more extreme events as an associated effect of climate change highlight the 

need for future research to account these variations by replicating experiments over years and 

multiple sites. In addition, chapter 5 observed significant positive relationships between animal lying 

time and animal performance including 4% FCM and ECM. The positive relationship observed is in 

agreement with previous literature (Calamari et al., 2009, Mattachini et al., 2013). 

6.2.2 Animal behaviour  
The average daily grazing time and ruminating time recorded for study animals in chapters 3 and 4 

using the RumiWatch System (RWS) are representative of high-yielding Holstein Friesian dairy cows 

within grazing systems, and comparable with those noted by others (Bargo et al., 2002b, Vance et 

al., 2012). Diurnal grazing and ruminating patterns were observed in both chapter 3 and 4, 

concentrating grazing activity during the hours of daylight and conversely concentrating the 

majority of ruminating activity at night. These diurnal patterns have consistently been reported from 

animals kept under a number of different management methods including restricting access to the 

grazing area (Gregorini et al., 2012) and when subject to variable timing of herbage allocation (Vibart 

et al., 2017), clearly demonstrating that diurnal feeding patterns of lactating dairy cows occur 

irrespective of management method imposed. However, literature has suggested diurnal behaviour 
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in lactating dairy cows reflects the greater difficulty of animals to selectively graze during dark 

(Linnane et al., 2001). Although, in Chapter 4 while offering PM herbage was hypothesised to reduce 

the animals’ ability to selectively graze, this did not have any effect on the diurnal grazing pattern 

observed, or indeed increase the level of nighttime grazing compared to animals conventionally 

grazing (CG).  

In addition, the literature review discussed how the allocation of fresh feed motivates dairy animals 

to commence eating, therefore the longest period of grazing usually occurs immediately after the 

delivery of fresh feed. This effect was observed in chapter 3 with both the longest grazing period(s) 

occurring shortly after the one or two daily allocations of fresh herbage in the 24h and 12h 

frequencies of fresh herbage allocation, respectively. Similarly in chapter 4 peak grazing activity for 

animals in both the PM and CG treatments corresponded with the daily delivery of fresh feed post 

afternoon milking. In contrast, peak grazing activity in the 36h treatment (chapter 3) did not coincide 

with the allocation of fresh herbage, and peak grazing activity was observed between 17:00 and 

19:00h daily, this only coincided with fresh herbage allocation once every three days. Phillips and 

Rind (2001a) observed the same effect with dairy cows offered TMR indoors on alternate days, with 

animals displaying similar feeding behaviour on feeding and non-feeding days. The authors 

suggested animals fed at intervals greater than 26 hours could not anticipate delivery of fresh feed. 

The inability to anticipate feed within the 36h treatment (Chapter 3) likely resulted in a more even 

daily distribution of grazing behaviour, and the lack of grazing peaks exhibited by animals. 

Similar to animals in the 36h treatment, animals offered PM herbage (chapter 4) exhibited a greater 

distribution of feeding time, observed through more but shorter grazing bouts relative to animals 

CG. Although both treatments in chapter 4 were offered fresh herbage daily, this greater distribution 

is likely due to bite mass not being restricted for animals in the PM treatment. Mattiauda et al. 

(2013) reported this effect with animals exhibiting a significantly (P=0.031) greater bite mass 

simultaneously exhibiting a significantly (P=0.002) reduced grazing time. Indeed this may have been 
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one of the reasons animals in the CG treatment exhibited longer grazing times to compensate for a 

reduction in bite mass as the sward was progressively grazed. Additionally, the longer grazing time 

exhibited by animals CG highlights animals spent a greater proportion of their time with their head 

in the down position grazing may also be due to the animals’ ability to forage and selectively graze.  

The greater distribution of feeding activity throughout the day observed with animals offered fresh 

herbage every 36 hours (chapter 3) and animals offered PM herbage (chapter 4) has been linked to 

numerous benefits including the regular supply of feed to the rumen and stimulation of saliva 

production, enhancing rumen motility and subsequently stimulating the regular passing of digesta 

through the rumen, allowing for a more efficient absorption of nutrients (Atkins et al., 2020). 

Furthermore, Dalley et al. (2001) suggested that a more consistent distribution of grazing activity 

and therefore steadier flow of digesta through the rumen provides a more consistent supply of 

metabolites, therefore increasing the efficiency of milk synthesis. In chapter 4 a greater number of 

shorter rumination bouts were displayed by animals in the PM treatment compared to animals CG, 

which would further support the suggestion that a more consistent digesta flow resulted from 

changes in the grazing behaviour in the pre-mown treatment. This consequently led to a significantly 

lower hourly rumination time recorded for animals offered herbage that had been pre-mown prior 

to in situ grazing compared to those in the CG treatment. Therefore, whilst no significant impact on 

animal production was recorded associated with the PM versus CG treatments, there were clearly 

effects on the grazing behaviour of the study animals relative to the treatment. This suggests further 

research may be warranted to investigate if over a longer term or where there is a greater deviation 

between pre-mown and conventionally grazed sward characteristics (specifically DM%) effects on 

either animal productivity or rumen function and digestive health may be detected. Similarly, in 

chapter 3 with animals in the 36h treatment a more consistent distribution of grazing activity was 

recorded, with animals having a significantly lower hourly rumination time compared to the 12h and 

24h allocation treatments, again posing the possibility of subtle but important impacts on rumen 
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function and health, which were not investigated within the scope of this thesis, in addition to the 

recorded positive impact on animal productivity of primiparous animals within this treatment.   

As highlighted in chapter 2, the improved performance observed in the 36h treatment was a 

consequence of the improved performance of primiparous animals alone. It is likely the improved 

performance of primiparous animals within the 36h treatment (chapter 3) was a result of the 

reduced energy expenditure on feeding activities, thus more energy to be left for productive 

purposes. Although animals in the PM treatment (chapter 4) potentially had a lower energy 

expenditure relative to animals in the CG treatment, as indicated by the lower motion index and 

ruminating activity recorded, these differences did not result in improved animal performance. The 

absence of improved performance within the pre-mown treatment may be due to the animals’ 

inability to preferentially select herbage within the grazing sward. Previous research has identified 

animals selectively graze selecting a sward higher in quality than the herbage on offer, thus 

consumption of lower quality herbage may have inhibited the animals ability to improve their 

productive performance. 

To date relatively little research has been conducted on the impact of weather conditions on animal 

behaviour within temperate climates where animals are seldom outside their thermal comfort zone. 

However, the results (chapter 5) highlighted significant associations between animal behaviour and 

weather conditions within a temperate environment. Furthermore, chapter 5 identified multiple 

associations with animal behaviour and individual animal DMI. Whilst these associations are 

significant, literature has identified the large range of factors that influence animal behaviour and 

the ability of animals to alter their behaviour to deal with circumstances such as restricted access to 

the grazing area. Thus chapter 5 indicated that large replication studies are required to account for 

these variations and to incorporate behaviour effectively within DMI equations to improve the 

accuracy of estimating individual animal DMI within pasture based systems.  
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6.2.3 Herbage utilisation efficiency  
Whilst there is substantial evidence demonstrating the role of high herbage utilisation efficiency in 

supporting the overall efficiency and profitability of pasture based systems (Creighton et al., 2011, 

Hanrahan et al., 2018), few farmers regularly record herbage height/biomass to capture herbage 

utilisation efficiency across their grazing platform (AFBI, 2020). Therefore, herbage utilisation 

efficiency is often a neglected factor in many commercial grazing systems when reviewing the 

performance of either herbage or animal productivity across their grazing platform. As outlined in 

the literature review, a number of management methods including offering high herbage allowance 

and increasing concentrate supplementation can improve the performance of lactating dairy cows 

(McEvoy et al., 2008, Kennedy et al., 2008a). However, both of these methods decrease herbage 

utilisation efficiency and therefore potentially negatively impact the cost-effectiveness and long-

term sustainability of the pasture based system. 

The results from chapter 2 demonstrated that decreasing frequency of fresh herbage allocation 

from 12h to 36h allocations resulted in an 8% increase in herbage utilisation efficiency in period one. 

This increase in herbage utilisation efficiency was produced through a lower post-grazing height in 

the 36h treatment. Although all treatment groups received an identical herbage allocation on a per-

day basis, it is postulated that the higher relative herbage allowance offered in the first and second 

feed of the 36h treatment facilitated an increased DMI within these feeds, resulting in the lower 

post-grazing sward height observed in the 36h treatment. This effect of high herbage allowance on 

animal DMI has been extensively researched and studies have reported an increase in DMI when 

high herbage allowances were offered (McEvoy et al., 2008, Kennedy et al., 2008a, Curran et al., 

2010). The increase in herbage utilisation efficiency observed did not negatively impact animal 

performance, contrary to other management methods that observed this effect (McEvoy et al., 

2008, Dale et al., 2018). Whilst no significant difference in herbage utilisation was observed in P2, 

animals had a reduced energy demand during this time due to their later stage of lactation, 

corresponding with lower milk yield, energy demand and likely lower DMI (Dale et al., 2018).  
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Furthermore, chapter 4 demonstrated pre-mowing is an additional management strategy that can 

increase herbage utilisation efficiency (+2%), produced through a significantly lower post-grazing 

herbage mass. The lower post-grazing herbage mass observed in the PM treatment is in agreement 

with results obtained by Bryant et al. (2016) and Kay et al. (2018). However, previous studies such 

as Bryant et al. (2016) failed to account for the herbage lying on the surface after the animals grazing 

the pre-mown sward, this was accounted for in chapter 4. The increase in herbage utilisation 

efficiency observed in the pre-mowing treatment would suggest the potential for increased 

profitability per hectare however, the additional labour and fuel costs associated with the pre-mown 

system outweighed the potential benefits from improved herbage utilisation within this study.  

The work described within this thesis demonstrated that high herbage utilisation efficiencies are 

achievable with high-yielding dairy cows, with utilisation rates between 83 - 91% achieved in chapter 

2. Although average utilisation efficiency was 11% lower in chapter 4 compared to chapter 2, this 

difference may be as a result of the greater daily herbage allowance (+2 kgDM/cow/d) offered in 

chapter 4 relative to chapter 2. This effect of reduced herbage utilisation efficiency with increasing 

herbage allowance is in agreement with McEvoy et al. (2008) reporting an 11% reduction in herbage 

utilisation when herbage allowance was increased by 4 kg/cow/d. Additionally, large variations in 

weather conditions were witnessed between 2018 (chapter 2) and 2019 (chapter 4). Between May 

and August average air temperature was 0.8 ⁰C lower in 2019 compared to 2018, while accumulated 

rainfall for these months was 125.5 mm greater, with drought conditions in summer 2018 forcing 

the split of the grazing study described into two separate periods, with a spell of housing in-between 

period one and two owing to a lack of herbage availability because of drought-restricted grass 

growth. It is likely that these drier and warmer weather conditions experienced in 2018 contributed 

to the average higher pre-grazing herbage dry matter content (+11 g/kg) in chapter 2 relative to 

chapter 4, thus potentially impacting both animal DMI and herbage utilisation efficiency highlighting 

the potential impact weather, even within temperature climates, can have on all aspects of the 

pasture based system including herbage utilisation efficiency. 
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6.2.4 Herbage quality  
A key to producing efficient and profitable pasture based systems is delivering herbage high in 

nutritional quality to grazing animals throughout the grazing season. However, the literature review 

highlighted the significant challenges in maintaining sward quality throughout the grazing season 

due to seasonal influences and the necessary requirement of low post-grazing residuals in order to 

maintain high quality herbage. This effect of declining sward quality throughout the grazing season 

was witnessed within chapter 2 with a lower herbage quality exhibited in P2 as the grazing season 

progressed with a decrease in DM (40 g/kg), WSC (57 g/kgDM), ME (0.5 MJ/kgDM) and an increase 

in ADF content (33 g/kgDM) relative to pre-grazing sward quality in P1.  

The herbage quality reported in chapter 4 is similar to the herbage quality witnessed in P2 within 

chapter 2 rather than the average of the two periods. On average for the total experimental period 

ME was 0.28 MJ/kgDM lower and ADF was 14.67 g/kgDM higher in chapter 4 compared to the 

average pre-grazing sward quality in chapter 2.  A reason may be due to the higher average post-

grazing residual in chapter 4 (+162 kgDM/ha) relative to average post-grazing residuals witnessed in 

chapter 2. Literature highlighted low post-grazing residuals prevent the accumulation of dead plant 

material and minimise reproductive growth which is associated with the production of herbage of 

lower quality and digestibility due to with a large percentage of stem and lignification within the 

grazing sward (Barrett et al., 2001, Stakelum and Dillon, 2007, Ganche et al., 2015). To achieve this, 

post grazing residual target are recommended to be approximately 1500-1700 kg DM/ha (total 

cover) for grazing dairy cows, with the lower figure representing the recommended cover for the 

regrowth of high quality herbage, the latter allowing some tolerance so that maintaining sward 

quality and animal performance may be balanced, as the lower the grazing residual achieved, the 

greater the energy expenditure required from the cow to reach it (Mayne et al., 1987).  

In chapter 2, altering the frequency of fresh herbage allocation had no effect on herbage quality in 

period one or two. This is consistent with results from previous grazing studies investigating the 

influence of frequency of fresh herbage allocation (Dalley et al., 2001, Abrahamse et al., 2008) where 
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suitable post-grazing residuals were maintained. Similarly, chapter 4 highlighted pre-mowing did 

not affect the nutritional quality of pre-grazing standing herbage, this is in agreement with previous 

studies investigating the impact of pre-mowing on a grazing sward (Kingsbury, 2014, Bryant et al., 

2016).  

Although pre-mowing showed no effect on the DM content of pre-grazing standing herbage 

compared to conventionally grazed paddocks, dry matter content varied considerably between 

treatments during the 24 hour period post mowing, as a result of wilting DM content increased at a 

significantly greater rate in the pre-mowing treatment relative to the conventional grazing 

treatment. Irvine et al. (2010) and Bryant et al. (2016) similarly observed this effect, with a herbage 

in the pre-mowing treatment exhibiting a significantly greater DM content post-mowing compared 

to conventionally grazed. Although herbage quality was not investigated over the 24 hour post-

mowing grazing period, Irvine et al. (2010)  reported although wilting increased pasture dry matter, 

both metabolisable energy and dry matter digestibility decreased and NDF content significantly 

increased with pasture wilting. This may  have resulted in the lack of improved animal performance 

within the pre-mowing treatment even though energy expenditure on feeding behaviour was lower. 

Further research studies should investigate how herbage quality varies following pre-mowing to 

understand the actual quality of herbage consumed by the animal over the grazing period.    

6.2.5 Review of precision technologies 
Within this thesis a number of precision technologies were utilised to accurately monitor and record 

individual animal behaviour. The literature review highlighted the numerous benefits associated 

with monitoring animal behaviour including indications of animal health, fertility and welfare of 

individual animals within herds, and with recent technological advances and the development of 

new products the use of sensors to monitor animal physiological and behavioural factors within both 

commercial farms and research studies is becoming increasingly common. The Itin and Hoch 

RumiWatch System (RWS, Liestal, Switzerland) was used in multiple experiments described in this 

thesis to monitor animal feeding and ruminating activity. Whilst this system was initially validated 
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for dairy cows in confined systems, in recent years the RWS has been validated as a reliable method 

to determine feeding activity of lactating dairy cows within grazing systems (Werner et al., 2018). A 

recent study further confirmed the accuracy and the validity of using the RWS, suggesting the RWS 

system could potentially be used as a benchmark to validate other emerging technologies as an 

alternative to the current system of validation through visual observations (Pereira et al., 2021a).  

Although the data collected from the RWS provided further insight to assist in understanding the 

variations in animal performance results observed in chapters 3 and 4, some challenges do exist 

when using precision technologies such as the RWS and interpreting the results from these precision 

technologies. Firstly, current research has yet to determine the minimum or indeed the optimum 

period of time the halter should be attached to the animal to assess changes in feeding behaviour. 

Whilst wearing the halters for prolonged periods would have yielded more data and provided a 

greater insight into animal behaviour, this was not possible in practice because wearing the halter 

for long periods (several weeks) resulted in excessive rubbing and abrasions on animals’ nose and 

jaw. As stated in the methodology in both chapters, animals were checked twice daily to ensure no 

abrasions had occurred due to the RumiWatch halters. On the other hand, attaching and monitoring 

feeding behaviour halters for short periods of time may not accurately reflect the behaviour of 

lactating dairy cows as external influences including pre-grazing herbage quality, stage of lactation 

and stage in breeding cycle may also impact the animals’ behaviour. In addition, chapter 5 further 

highlighted weather as an external factor that can influence animal behaviour monitoring for short 

periods of time does not allow for the accurate capture of the influence of weather on animals 

behaviour. As discussed in chapter 4, previous pre-mowing studies had only recorded animal 

behaviour over a two day period (Irvine et al., 2010, Kingsbury, 2014) and therefore may not have 

accurately captured the impact of pre-mowing on animal behaviour. Further research is needed to 

identify the optimum period of time behaviour in lactating dairy cows should be recorded to achieve 

an accurate data. Concurrently developments in the use and fit of the technology are required to 
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ensure that even over prolonged measurement periods the risks of skin abrasions associated with 

such halters are minimised.   

 The IceRobotics (Edinburgh, Scotland) IceQube animal activity sensor was also used in chapter 4 

and 5. These sensors were attached to the right hind limb of each individual animal within the study 

to record lying time, standing time and step count data. This form of sensor is often used to monitor 

animal health and more commonly fertility at farm level. Although it was hypothesised that activity 

sensors would further contribute to the understanding of the energy expenditure of animals under 

different management methods, the information obtained from the activity sensors throughout 

these research studies did not identify any differences between the activity levels of animals within 

the experimental groups which could explain the differences in animal productivity observed. This 

may be due to the long walk all animals were required to undertake daily between the paddocks 

and the milking parlour, with the furthest paddock approximately 900m from the milking parlour, 

thus step count and standing time data was concentrated around milking times, as was to be 

expected, and no significant differences between treatments were identified in chapter 3 and 4.   

Further understanding what animal behaviour parameters are associated with ‘efficient’ animals in 

terms of their productivity, and how we can adapt management strategies to improve the efficiency 

of dairy grazing systems in Northern Ireland is essential to support the sustainability of the NI dairy 

industry. Whilst current on farm behaviour monitoring can aid with the management of animal 

health and fertility, the use of technologies at farm level will rapidly change in future with further 

advances in data processing and modelling. Additionally, decision support tools for farmers that 

combine data from a number of sources and take into account animal, grassland and environmental 

factors will allow for improved accuracy understanding of specific sites and highlight methods to 

improve the on-farm efficiency and profitability.  
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6.3 Limitations of the thesis 
Grazing studies frequently present challenges for researchers when trying to balance the practical 

limitations of livestock availability, the significant costs associated with animal trials and the 

duration of funding availability to conduct grazing trials with the significant volume of data and 

experimental replication required to achieve robust results suitable for statistical analysis.  The 

studies described within this thesis were not exempt from these challenges, and restrictions in the 

number of spring-calved cows available within the research herd at the AFBI Hillsborough site and 

the tight time limit in collecting data within the funding period for this PhD study created limitations 

in the number of animal groups it was possible to include within the experiments described, and 

prevented replication of the studies between years or across different experimental sites. Whilst 

the use of the individual cow as the experimental unit for statistical analysis, as utilised in the studies 

described within this thesis, has been used in similar recent studies, for example; Dale et al. (2018) 

and Verdon et al. (2018) controversy exists on the use of the individual animal as the experimental 

unit (Iason and Elston, 2002, Bello et al., 2016). Whilst it would be imprudent to assume all animals 

within a treatment could be treated as replicates of each other due to the significant parity and 

treatment interactions observed in chapter 2 and 3, during the analysis it was assumed that within 

each treatment all primiparous animals were independent of each other and that all multiparous 

animals were independent of each other. All reasonable effort was made to minimise the variation 

in external factors which could impact these animals. All treatments were balanced for the genetic 

potential, stage of lactation and current production level of each animal. In addition, these variables 

were also balanced within the two parity groups (primiparous and multiparous) as discussed within 

the materials and methods sections in chapters 2 and 3. 

Additionally, variation in sward DM production, botanical composition and nutritive value posed 

another potential source of variation across the experimental grazing area in the studies described. 

If these factors varied considerably between and within treatments it may have masked the effect 

of management strategy, however this would likely only occur in areas where large differences in 
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soil characteristics were present between treatments. As highlighted in the materials and methods 

in chapters 2, 3 and 4, all steps were taken to ensure minimal variation in the grazing area used for 

the experiment. All swards across the experimental area consisted predominately of perennial 

ryegrass and were exposed to similar management in the 12 months prior to the experiment 

commencing. In addition, non-experimental measurements indicated no difference in soil nutritive 

status or resistance to penetration across the experimental area. To further avoid any 

geomorphological variation such as aspect and slope, blocks were formed with all treatments 

paddocks randomly allocated within each block as discussed within the materials and methods of 

each chapter.  

Due to the limited herd size from which animals could be drawn into the experiment, replicating 

treatments within these studies across multiple separate groups of cows was rejected when 

designing the experimental protocol. Further dividing the experimental groups into smaller 

replicated groups would have reduced grazing group sizes of less than 15 animals (chapter 2), with 

potentially only three primiparous animals in each group. In doing so, important effects of inter-

animal competition and social behaviour that animals present within a herd would have been lost 

from the studies. Rind and Phillips (1999) reported cows in small groups (four animals) stayed closer 

to the neighbouring cows, moved their head more rapidly from side to side during grazing and spent 

more time grazing compared to cows in larger groups (16 animals). Moreover, animals’ within larger 

groups were seen to be more aggressive, maintained greatest distance from other animals and had 

a faster rate of stepping while grazing. Rind and Phillips (1999) attributed the differences of animals 

in larger groups to the increased inter-animal competition, thus it is likely animal behaviour in small 

groups does not replicate typical herd behaviour in commercial systems. Indeed, the choice to use 

larger groups of animals in the studies within this thesis aimed to better reflect herd dynamics and 

inter-animal competition thus more accurately representing the commercial grazing systems to 

which the findings would apply. 
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In both chapter 2 and 3 the lack of replication within the experiment is highlighted in the text to 

ensure the reader considers this when interpreting the results. Whilst the non-replication of 

treatments within these chapters must be considered when interpreting the results, the lack of such 

replication does not void the results, but clearly there is a need for further and larger grazing trial 

studies to assess the repeatability of the findings outlined. Whilst replicate groups of each treatment 

were established in chapter 4, further replicating the study over multiple years would have helped 

to account for effects factors such as weather conditions may have had on herbage DM content and 

subsequently animal DMI and performance. Research involving different experimental sites and 

across different grazing seasons is required to verify the findings of these studies presented. The 

requirement for replication was further highlighted in chapter 5 demonstrating the effect of 

weather conditions on animal behaviour, DMI and performance, even within temperate 

environments. The studies presented in this thesis aimed to provide data from a scientifically robust 

systems grazing experiment whilst ensuring the results can be translated to understand how the 

management interventions applied are likely to influence animal performance, behaviour and 

herbage utilisation on commercial dairy farms across Northern Ireland, and the choices in 

experimental design within the confines of the timeframe and herd size limitations surrounding this 

work were made in the hope of best addressing these aims.  

6.4 Implications of results for agricultural practice and future research  
Commercially, dairy farms generally offer fresh herbage once or twice daily post milking, however 

the research presented in chapter 2 and 3 identified significant benefits of reducing herbage 

allocations to every 36 hours (offering fresh herbage after every third milking) for the performance 

of primiparous animals grazing within a herd of multiparous cows. Furthermore, reducing 

allocations to every 36 hours particularly benefited primiparous animals. Thus 36 hour allocations 

provide the opportunity to support the performance of subordinate animals within the herd without 

negatively impacting the performance of dominant animals, whilst simultaneously maintaining high 

herbage utilisation efficiency. In addition, reducing the frequency of herbage allocation would 
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potentially reduce the time and labour requirements to install and move temporary fencing 

throughout the grazing season, as fewer subdivisions of the grazing platform would be required.  

The dissimilar effect of herbage allocation frequency on animal performance and behaviour in primi- 

and multi-parous animals in chapter 2 and 3 highlights the need for future research to account for 

and examine differing treatment effects on sub-groups of animals within herds, particularly 

primiparous animals that are generally less dominant animals and may often struggle to achieve 

their full genetic potential within competitive environments. Examining differences in sub-groups or 

individual animal behaviours relative to the whole herd will ensure future research can observe a 

clearer and broader perspective of treatment effects on animals, assisting researchers to fully 

understand the grazing dynamics within the herds.  

The literature review indicated low levels of herbage utilisation has a major negative impact on the 

cost-effectiveness of pasture based systems (Creighton et al., 2011). Chapter 2 and 4 highlighted 

high herbage utilisation rates are achievable with high-yielding dairy cows. Chapter 4 displayed PM 

increases herbage utilisation, however, with the additional cost associated it was not economically 

viable to PM swards under the conditions of the experimental grazing trial. Within chapter 4 the 

average group size in the experiment was 20% of the average Northern Irish dairy herd (DAERA, 

2021b), therefore as a result of smaller herds, paddock sizes were also smaller. Pre-mowing on a 

larger scale may reduce the cost per cow of implementing PM as a management technique, due to 

the larger scale and size of paddocks reducing the time and fuel used, thus potentially increasing 

the efficiency and decreasing overall cost of pre-mowing in commercial grazing system, but larger 

scale trials would be required to determine this.  

The grazing management interventions studied within this thesis did not positively impact on the 

grass quality offered to grazing cows, and it is suggested that the lack of improved animal 

performance within the pre-mown treatment was a result of a reduced herbage quality ingested by 

cows in the PM treatment over the grazing period likely as a result of wilting (Irvine et al., 2010) and 



 

181 
 

the inability of animals to exhibit selective grazing of the most nutritious herbage (Wales et al., 

1998). Future research should not only aim to determine the nutritional quality of the standing 

swards prior to either grazing or mowing, but also how the nutritional quality of herbage standing 

and pre-mown varies throughout the grazing period, changes in herbage nutritional quality will 

consequently impact animal performance.  

The well-known diurnal grazing and ruminating patterns of dairy cattle were observed within the 

studies described, regardless of management method imposed. Therefore, management systems 

implemented on commercial farms should support the consumption of feed during the hours of 

daylight and support ruminating and lying behaviour during the hours of darkness. In addition, 

chapter 3 and 4 indicated that treatments that displayed a greater distribution in grazing activity 

across each 24 hour period, similarly displayed a greater distribution of rumination activity, and 

consequently a reduced overall ruminating time. The benefits of a greater distribution in ruminating 

activity for improved digestive efficiency has been highlighted throughout this thesis. This was likely 

one of the key factors that resulted in the significantly improved performance of primiparous 

animals offered fresh herbage every 36h (chapter 2). Future research should focus on potential 

management approaches to improve the distribution of rumination activity and in turn improve 

rumen motility and the efficiency of nutrient absorption to support animal performance. In addition 

future research should investigate the influence of different management treatments on animal 

feeding behaviour, as a large proportion of daily energy expenditure by dairy cows is linked to 

feeding activity.   

The results of chapter 5 demonstrate the impact of weather conditions on animal behaviour even 

within temperate climates. With more extreme weather events predicted as a result of climate 

change it is vital that future research investigates management strategies to reduce the negative 

effects of weather events on animal behaviour. In addition whilst chapter 5 indicated the 

associations between animal behaviour and individual animal DMI, this study further highlighted 
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that future research would require a large number of replicates to account for variation in individual 

animal behaviour to improve the measurement of individual animal DMI.  

6.5 Conclusion 
The research presented in this thesis identified the potential to improve the performance of high-

yielding dairy cows’ and in particular primiparous animals by reducing the frequency of fresh 

herbage allocations to 36 hour allocations. This method simultaneously maintained high levels of 

herbage utilisation efficiency, essential in ensuring long-term sustainability of pasture based 

dairying systems in Northern Ireland. In addition, this thesis highlighted the potential for precision 

technologies to assist in the measurement of individual animal DMI. However, the research 

presented confirmed a large number of factors influence animal behaviour including herbage 

allocation frequency, herbage presentation and weather. This indicates the requirement for large 

scale studies to accurately reflect and assess the relationships between individual animal DMI and 

behaviour, to ultimately assist in improving the estimates of individual animal herbage DMI.  
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