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Abstract of a thesis submitted in partial fulfilment of the 

requirements for the Degree of Doctor of Philosophy. 

Abstract 

The strategic use of lucerne (Medicago sativa) on irrigated dairy 

farms 

 

by 

Geoff Smith 

 
The objectives of this research were to (1) quantify milk production and urinary N excretion 

from dairy cows grazing irrigated lucerne (Medicago sativa L.) and perennial ryegrass 

(Loluim perenne L.)-white clover (Trifolium repens L.) pastures at different stages of lactation 

and herbage allowances, (2) determine  herbage production and composition of irrigated 

lucerne and perennial ryegrass-white clover pastures managed under irrigation, and (3) model 

the productivity and profitability of using lucerne on an irrigated dairy farm in Canterbury 

New Zealand. 

The first experiment measured milk production, milk composition and N excretion of dairy 

cows fed pure lucerne (L), perennial ryegrass/white clover pasture (G) or a temporal sequence 

where lucerne was offered in the morning and perennial ryegrass-white clover pasture in the 

afternoon (GL). Three trials were conducted in early and mid-lactation (November and then 

January).  Milksolid (MS) production was unaffected by pasture treatment in all three trials, 

averaging, 2.31, 1.90, and 1.68 kg MS/cow/d for early lactation, mid lactation (November) 

and mid lactation (January) respectively. Although milk yield was higher in L than G during 

Mid-Nov lactation (22.7 vs 20.2 litres/cow/day respectively) this was offset by lower milk 

protein percentage in L (3.67% versus 4.03% for G) so that total milksolid production was 

similar across treatments. It was believed the lack of difference was due to similar estimated 

DM intake and diet metabolisable energy (ME) between L and G. Despite no differences in 

milk production, there was consistently higher urine N concentration and estimated urinary N 

output g/day in L (359 to 408 g/d) and GL (234-312 g/d) than G (146 to 263 g/d).  

The second experiment measured dry matter (DM) intake, diet composition, milk production 

and milk composition of cows in mid lactation (October) fed G and L at 20, 30, 40, 50 and 60 
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kg DM/cow/d above ground level. Milk yield and milksolids production increased with 

herbage allowance in both G and L treatments but was unaffected by pasture treatment or by 

the interaction of pasture treatment and herbage allowance. The average marginal response 

(kg milk per extra kg DM eaten) was 0.63 for L and 0.56 for the G. The increase in milk 

production in both G and L treatments with herbage allowance was due to an increase in DM 

intake from low to high herbage allowances. Cows feeding on both L and G at the lowest 

herbage allowance (20 kg DM/cow/d) substituted lower DM intakes and low feed value by 

mobilising energy reserves which helped maintain milksolids production. Post grazing 

herbage mass increased with increasing herbage allowance as utilisation of above ground dry 

matter decreased from 81-42% in L and 78-46% in G. 

The third experiment measured apparent DM intake, diet composition, milk production and 

botanical composition in the re-growth from different herbage allowances in the second 

experiment. Cows were fed a constant herbage allowance of 30 kg DM/cow/d above ground 

level. Herbage allowance from the second experiment and subsequent post grazing herbage 

allowance had no effect on milksolids production in either L or G when grazed at a constant 

herbage allowance. The lack of an effect of previous post grazing herbage mass may be due to 

the differences in DM intake and diet quality being negligible between G and L, or that 

energy may have been partitioned away from milk production to liveweight gain.  

The fourth experiment measured seasonal and annual herbage DM production, herbage 

quality and botanical composition of G and L under irrigation. The total annual DM 

production was non-significant in L (18,483 t DM/ha) and G (17,626 t/DM/ha) under full 

irrigation. However, herbage growth rates in L were greater than in G from November- March 

averaging 18.6 kg DM/ha/d more. The herbage quality of G was fairly consistent throughout 

the year (11.8 to 12.7 MJ ME/kg), while L quality declined considerably (12.2 to 9.2 MJ 

ME/kg DM) with an increase in herbage mass during times of peak growth in summer.  

The effect of incorporating lucerne into an irrigated dairy farm was modelled using FARMAX 

Dairy Pro. Data from experiment 1 to 4 was incorporated into the model and the effect of 

different proportions of lucerne on farm (0 to 50%) and stocking rate (3.6 to 4.2 cows/ha) on 

profitability was modelled. The most profitable system at a $6.50/kg MS was 40% lucerne on 

the milking platform. This system did not have the highest milk production per ha but the 

lowest cost per kg MS ($3.6/kg MS). Herbage production increased from 17.3 t DM/ha at 0% 

to 17.6 t DM/ha at 50% lucerne. The increased herbage production at 3.6 cows/ha allowed 

more feed to be conserved over summer and used in spring and autumn. This resulted in less 

purchased feed required, decreasing cost per kg MS. Also contributing to the lower cost per 
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kg MS in the high proportion lucerne systems was the lower N use which reduced from 259 

kg/ha to 173 kg/ha. 

Results shown that despite there being no difference in diet quality or milk production 

between lucerne and perennial ryegrass-white clover, there could still be some advantages of 

using lucerne with greater diet selection and liveweight gain at certain herbage allowances. 

Lucerne could also have some advantages for increasing overall herbage production and 

shifting the growth curve to allow more feed to be conserved in summer, reducing purchased 

feed on the shoulders of the season and reducing costs per kg MS. 

 

Keywords: Lucerne, perennial ryegrass, milksolid production, apparent dry matter intake, 

nitrogen partitioning, urinary nitrogen excretion, herbage dry matter allowances, dry matter 

production, herbage quality, farm systems analysis 
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    Chapter 1  
Introduction 

Some of the key drivers of profitability for New Zealand grazing systems are the dry matter 

(DM) yield, nutritive charateristics, and utilisation of pasture. The most common pasture is a 

binary mixture of perennial ryegrass (Lolium perenne L.) and white clover (Trifolium repens 

L.), which is tolerant of a wide range of environments and management (Kemp et al., 1999b). 

Both species however have shallow root systems, which limits there access to water and and 

can lead to water stress and reduced herbage accumulation during dry summer periods or 

periods or water restriction (Hoglund & White, 1985). This presents opportunities for 

alternative pasture species to be considered that have different physical and morphological 

properties.  

Canterbury, on the East Coast of the South Island is characterised by low annual rainfall (650 

mm) and warm north west winds, this means irrigation is essential for intensive agriculture 

(Moot et al., 2010). Water from the mountain fed rivers or deep alluvial aquifers can treble the 

productive capacity of dryland farms and 70% of New Zealands water use for irrigation is in 

the area (Moot et al., 2010). As demand for irrigation has increased, it has raised questions 

about water allocation impacts on dairy farm production and profit (Thorrold et al., 2004). 

Barker and Clarke (1998) showed that water deficit could reduce herbage accumulation in 

Canterbury to 18% of irrigated controls over summer and 63% total herbage accumulation 

over year.This had a huge impact in reducing milk flow by 40% which was attributed to the 

prolonged period that the Canterbury region is exposed to water deficits. Some major 

influencing factors in milk production and profitability are the interaction between local 

climate, seasonal water supply from different irrigation schemes, soil type/fertility, forage 

species and irrigation hardware. 

Pastures without irrigation do not only decline in herbage production but they also show a 

reduction in herbage quality (Burke et al., 2002). For example, the metabolisable energy (ME)  

of Lincoln University Dairy Farm pasture was 12 MJ ME/kg DM in early spring and 

decreased to 11 - 11.5 MJ ME/kg DM when pasture became more mature (Kuperus, 2002).   

Because NZ dairy systems are forage based it is important herbage quality and quantity are 

maintained for as long as possible with an industry goal to achieve a 4% per month post-peak 

decline in milk production (Barker et al., 1998). With further constraints around irrigation, 

predicted hotter drier summers and with a potentially finite water supply (Martin et al., 2006), 
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alternative species that provide greater drought tolernce, utilise water more effficiently and 

provide better quality feed throughout the summer months could be used strategically to 

increase on farm productivity and profitablity. The dairy industry itself had set a 10 year 

target of improving water use efficiency by 40% by 2016 (Martin et al., 2006). There is an 

emerging body of evidence to suggest that alternative forage species such as lucerne 

(Medicago sativa L.) may play an important role in complementing perennial ryegrass as the 

main forage source for dairy production in future warmer and drier climates. Desirable traits 

in lucerne include deeper roots, increased summer activity, tolerance for high temperatures 

and higher water-use efficiency (Cullen et al., 2009). 

The suitability for lucerne to contribute to New Zealand farming systems differs across 

regions due to changes in soil types and climatic zones. For Canterbury, a region which 

experiences severe dry summers, lucerne remains a source of feed which comprises up to 10% 

of individual dryland properties, fed in situ during the year or as conserved feed in either 

winter or in drought conditions (Kirsopp, 2001). In central Canterbury where lucerne has 

traditionally been grown, the recent dairy conversions have meant that the area used for sheep 

on dryland pastures has decreased. Lucerne, however, may be used as feed in dairy systems, 

both as supplementary feed and grazed forage and is extensively used in overseas dairy 

systems (Baudracco et al., 2011). This use is based on high levels of DM production in 

lucerne, combined with high nutritive value (Brown et al., 2005). However despite some early 

work from Bryant (1978) comparing milk production from lucerne and perennial ryegrass, 

and more recently Woodward et al., (2010) examining lucerne use in Waikato systems, there 

is little data on the merits of feeding lucerne for milk production. In particular there is a lack 

of information on the appropriate allocation strategies to ensure maximum utilisation in dairy 

systems and what are the impacts on total farm productivity and profitability from feeding 

lucerne. There is also limited data on the impact feeding lucerne could have on nitrogen 

partitioning and what effect this will have on urinary N concentrations and the flow in effects 

for the environment.   

Aim and research objectives 

The aim of this research was to understand differences in milk production and urinary N 

excretion from dairy cows grazing lucerne compared to perennial ryegrass; to investigate 

management principles around transitioning from perennial ryegrass to lucerne, appropriate 

herbage DM allowances from milk production, and to model the productivity and profitability 

of using lucerne on an irrigated dairy farm in Canterbury, New Zealand. 
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Specific objectives were 

1. To compare milk production, milk composition and N partitioning of dairy cows fed 

pure lucerne and perennial ryegrass/white clover pastures and a 50% diet of lucerne 

and perennial ryegrass-white clover pasture.  

2. To compare milk production, milk composition of dairy cows fed pure lucerne and 

perennial ryegrass-white clover pastures at five different herbage allowances.  

3. To examine the effect of post grazing herbage mass in previous grazing of lucene and 

perennial ryegrass-white clover on milk production and milk composition.  

4. To compare seasonal growth rates and herbage quality, annual dry matter production 

and botanical composition of lucerne and perennial ryegrass-white clover pasture 

under irrigation over two years. 

5. To model the effect of different proportions of lucerne on the milking platform on 

farm profitability under irrigation, with both high and low stocking rates. 

Thesis structure  

This thesis is presented in eight chapters. In Chapter 2, literature is presented comparing data 

on the physical and nutritive attributes, productivity and animal performance of lucerne and 

ryegrass. Chapter 3 reports on a study conducted over one season comparing milk production, 

milk composition and N partitioning of dairy cows fed 100% lucerne and ryegrass/white clover 

diets and a 50% diet of both (Objective 1). The three trials are conducted in early lactation 

(September-October 2012) and mid lactation (November-January 2012).  

 This is supported by an investigation of milk production and milk composition of dairy cows 

fed perennial ryegrass/white clover and lucerne diets at five different herbage allowances 

(Chapter 4 Objective 2). In this chapter, nutrient and diet selection are also considered. In 

Chapter 5, the effect of different post grazing herbage mass from the previous trial (Chapter 3) 

on herbage quality, diet selection and milk production in the subsequent grazing rotation are 

examined (Objective 3). In Chapter 6, seasonal growth rates and herbage quality, annual dry 

matter production and botanical composition of lucerne and perennial ryegrass-white clover 

under irrigation are compared over two seasons (Objective 4). Finally, in Chapter 7 the results 

are drawn together and used in a model (Farmax) to compare productivity and profitability 

when lucerne is used in different proportions in farm systems. Chapter 8 is a general discussion 

reviewing the most important information found from the studies and objectives outlined above. 
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    Chapter 2 
Literature review 

2.1 NZ and Canterbury dairy farming systems 

Some of the key drivers of profitability for New Zealand grazing systems are the dry matter 

(DM) yield, nutritive charateristics, and utilisation of pasture. The most common pasture is a 

binary mixture of perennial ryegrass (Lolium perenne) and white clover (Trifolium repens), 

which is tolerant of a wide range of environments and management (Kemp et al., 1999b). 

Both species, however, have shallow root systems which limits there access to water and and 

can lead to water stress and reduced herbage accumulation during dry summer periods or 

periods or water restriction (Hoglund & White, 1985). 

There has been a dramatic lift in dairy production in the Canterbury region (107% since 2005; 

ECAN 2013) which is expected to continue, and although some industry growth can be 

expected through the intensification of existing dairy businesses, the potential large increases 

in milk demand are likely to come from non-dairy areas (e.g. support blocks) and other farm 

enterprises (e.g. cropping, beef and sheep) being converted into milk-producing land. 

Although the potential industry growth in these regions is viewed as being extremely positive, 

there are several potential difficulties when moving dairying into environments which in the 

past haven’t been associated with high pasture production. The integration of complementary 

forages could play a significant role in alleviating such challenges as lower soil fertility and 

poorer soils, reduced availability of water and a more marginal environment with respect to 

climatic extremes and pasture production (Rawnsley et al., 2013).This presents opportunities 

for alternative pasture species to be considered that have different physical and morphological 

properties. 

Canterbury is dominated by high pressure systems which bring settled weather conditions 

with periods of strong drying northwest winds and mean summer time potential 

evapotranspiration rates of 4-6 mm/day. There is a strong rainfall gradient from west to east 

across the plains with >1000mm on the western foothills on the eastern side of the southern 

alps and 600 mm on the eastern seaboard (Morgan et al., 2002). 

Salinger (2003) reported that long-term weather records (1930-2002) gave a mean potential 

soil moisture deficit (PSMD) of 325 mm with a range from 120 to > 560 mm. A significant 

PSMD of >100 mm was found to occur by December in 50% of the years and by January in 

70% of the years.  
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For Canterbury, climate change scenarios for the future indicate that the prevailing westerly 

circulation is likely to strengthen and bring warmer and drier conditions on the plains. A 

warming of 0.2-1.4°C, relative to 1990, is likely to occur by 2030 and 0.5-3.5°C by 2080. The 

warming is expected to be greatest in winter accompanied by an annual reduction in 

precipitation of 10%. Accompanying these changes in mean temperature and annual rainfall, 

scenarios also suggest potentially greater changes in the extremes. Sensitivity analyses based 

on high greenhouse gas emission scenarios predict a decrease in the number of frosts by 50% 

but 25 more days with temperatures above 25°C. These changes will affect pasture and crop 

water requirements with an increased occurrence of 1 in 20 year droughts to 1 in 5 years by 

the 2080 (Mullan et al., 2005) and an increase in PSMD of 90 mm (Salinger, 2003). 

Managing additional background variability induced by inter-decadal oscillations, El Nino 

and La Nina, will add complexity to dryland farming and increase the pressure on irrigation 

systems (Moot et al., 2010). 

Canterbury soils in their natural state are slightly to moderately acidic (pH 4.5-5.5) with low 

levels of nitrogen (N), phosphate (P) and sulphur (S) and several key micronutrients including 

boron (B), cobalt (Co), copper (Cu), selenium (Se), iodine (I) and molybdenum (Mo) (Kemp 

et al., 1999a). Stony or shallow soils which are part of the Brown soil group account for 

465,400 ha of land on the plains.  There potential for crop, horticultural or pastoral use is 

restricted by their low water holding capacity in addition to temporal and spatial variability of 

rainfall. Many plains soils hold between 60 and 90 mm/m (Morgan et al., 2002) of plant 

available water content but are <0.5m deep. Rainfall in excess of storage capacity regardless 

of its timing is therefore drained to groundwater or enters waterways through overland flow. 

These shallow soils have been favoured for recent conversion to dairy farming because of 

their low risk of pugging damage. 

Phosphorus (P) and sulphur (S) based fertilisers are used widely on all pastoral ecosystems to 

enable biological N fixation by pastoral legumes. Use of inorganic N fertiliser has increased 

over time, predominately in dairy systems on the plains to meet increased demands for feed 

on the shoulders of the milking season in autumn and early spring. The majority of pastoral 

topsoils are 3-10% in organic matter which increases over time under pasture provided that 

soil moisture is adequate (Haynes & Williams, 1993). The amount and types of fertiliser has 

increased in Canterbury; in 2008 170,000 tonnes of N fertiliser and 226,000 tonnes of P 

fertiliser were applied in Canterbury (Dynes et al., 2010).  
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Dairy farming in Canterbury is intensive with large inputs from supplementary feed, irrigation 

and the majority of dairy cows wintering off the milking platform. Most farms purchase feed 

for winter to extend either one or both ends of lactation ( 

 

Table 2.1) and to avoid the energy deficit from Figure 2.1. Herd size, stocking rate and 

milksolid production/ha are all higher in Canterbury than any other region (Table 2.2). For 

example the Lincoln University Dairy Farm (LUDF), in developing a world best practice 

farming system in 2012 was stocked at 4.15 cows/ha and produced 1,700 kg MS/ha from 

pastures where more than 16 t DM/ha of feed was eaten. Because the main pasture species 

(perennial ryegrass and white clover) are responsive to N fertiliser and irrigation, there has 

been an increased reliance on these inputs coupled with increase in stocking rate to drive 

productivity (Mackinnon et al., 2010). However increasing inputs can often move the farm 

along the efficiency frontier rather than lifting the farm to a new level of productivity (Bell et 

al., 2014) 

Figure 2.1 shows the energy supply and demand of the dairy cows in Southland and 

Canterbury during the milking season (Roche & Reid, 2012). Farms stocked at 4 cows/ha are 

matching supply and demand in peak production. This increase in demand for spring cannot 

be sustained throughout the rest of the year and often leads to cows being under feed in early 

and late lactation due to differences in supply and demand curves. This results in an increase 

in energy deficit as shown in Figure 2.1. 

 

 

 

 

 

 

 

 

Figure 2.1: Energy demand and supply of dairy cows stocked at either 3 or 4 cows per 

hectare in either Canterbury or Southland (Roche & Reid, 2012) 
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Table 2.1: Regional analysis of dairy farming supplement systems in 2007/08 (1=all pasture, 

self-contained; 2=dry cow feed purchased; 4=feed purchased for dry cows and to extend 

lactation in autumn, 4=feed purchased for dry cows and to extend both ends of lactation, 

5=feed purchased all year round) (Dynes et al., 2010)  

 

Table 2.2: Regional analysis of average farm size, stocking rate and milk production for 

2008/2009 and milk production for 2007/2008 and 2006/2007 (Dynes et al., 2010) 

 

Monaghan, et al., (2004) in comparing different systems from different regions showed that 

the low input system in Canterbury was the most profitable (Figure 2.2). These systems were 

characterised by high milksolid (MS) per hectare production and high MS/per cow 

production. All 3 systems (low, medium and high input) within the Canterbury region (C, 

Figure 2.2) used higher rates of N fertiliser and moderate amounts of imported feed to help 

maintain longer days in milk than any other region (Monaghan et al., 2004) 
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Figure 2.2: Economic performance of three farm systems recorded in the (A) Toenepi, (B) 

Waiokura, (C) Waikakahi, (D) Bog Burn catchments (Monaghan et al., 2004) 

 

As mentioned in Bell, et al., (2014) increasing inputs can often move the farm along the 

efficiency frontier rather than lifting the farm to a new level of productivity. Within 

Canterbury there needs to be alternative ways to produce feed without increasing inputs, by 

reducing N fertiliser, supplementary feed and irrigation. The literature presented below will 

examine the suitability of lucerne as an alternative species on milking platforms. 
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2.2 Lucerne 

2.2.1 Historical research 

Domestically, earlier studies were mainly focused around lucerne agronomy and dry matter 

(DM) production compared to other more traditional pasture species. Iverson (1965) showed 

that on thin droughty soils, DM production could be greatly increased by the extensive use of 

lucerne, and demonstrated that for maximum production intensive rotational grazing was the 

best management system. In the same year, White (1965) outlined how to overcome many of 

the of the pitfalls for lucerne establishment and also predicted wide spread adoption in the 

Canterbury area. Further research examined grazing management, in particular the defoliation 

height and grazing frequency, lucerne’s response to nitrogen and irrigation and its chemical 

composition (Bailey et al., 1970; Hoglund et al., 1974; Langer & Steinke, 1965). Many of the 

agronomic and grazing management practices that were established through the 1960s and 

1970s at Lincoln College are still used today. With improvements in cultivar performance to 

pest and disease resistance, winter growth and further advances in management practices the 

use of lucerne particularly in dry land environments has played an important role in the sheep 

industry in New Zealand. 

Internationally, lucerne is used predominantly for hay and silage crops and there is not wide 

spread use in grazed agricultural systems. Most of the earlier research in the United States 

reflected this, with pioneering work on carbohydrate reserves and harvest management  

(Smith & Kust, 1961; Smith & Reynolds, 1961). While lucerne is used in cropping rotations 

in Australia, there has not been a lot of published research on forage and grazing management 

due to its limited and restricted use in areas with alkaline soils and low to medium rainfall 

areas, mainly in the south east (Lefroy et al., 2005). Argentina is an exception, with Basigalup 

and Ustarroz (2007) reporting 4.7 million hectares of lucerne grown, and in the Pampa region 

over 90% of the lucerne grown is used for direct feeding to dairy and beef cattle. There are a 

number of studies focused on grazing management to increase feed quality and utilisation to 

dairy cows, and these are discussed further in this literature review (Baudracco et al., 2006; 

Danelon et al., 2002) 

2.2.2 Morphology 

Lucerne is the highest yielding of the temperate forage legumes and is the most widely grown 

in warm temperate areas (Frame et al., 1998). It is a perennial upright plant, compromising 

numerous stems which originate from crown buds. Lucerne (Medicago sativa) have a strong 
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tap root, usually reaching 2-4 m in depth, but root penetration can be deeper in well drained, 

deep soils and exceptionally roots to a depth of 39 m have been recorded  

Axillary buds form in the axils of the leaves as the stem develops. These buds produce stems 

which in turn build up a crown of basal buds. This crown is the main source of stems that are 

produced when the plant regrows after defoliation. Some buds produced in the axils of the 

leaves are able to develop into branches from the stubble after defoliation however their 

contribution to regrowth yield is low. Basal bud initiation and early growth are driven by 

remobilisation of carbohydrate and amino acid reserves from stores in the crown and tap root 

(Avice et al., 1996). The first leaves produced on the lower nodes are small, so initially light 

interception and the subsequent increase in DM are low. This lag phase is the shortest under 

high temperatures that promote rapid leaf production and leaf expansion. When light has 

increased to critical levels, growth rates become linear and are related to temperature and 

water supply (Brown et al., 2003). During the linear growth period, development usually 

changes from vegetative leaf and node production to bud initiation and flowering. The 

transition to reproductive development results in a reduction in shoot DM accumulation and 

an increase in crown and tap root reserves (Heichel et al., 1988). These reserves are utilised to 

produce basal buds for the following regrowth cycle. 

Lucerne is generally considered a drought-resistant forage plant with the depth of its rooting 

in this respect being a beneficial benefactor. As the young plant develops, its roots may be 

three times deeper than the height of the shoot. The tap root produces branches, but good root 

growth and strong aerial growth are independent. Young lucerne plants are particularly 

sensitive to competition, due to inadequate N because of poor molecular nitrogen fixation 

(Hoglund et al., 1974).  

2.2.3 Physiology and grazing management 

Understanding the different processes that affect lucerne growth and development are the 

keys to stand longevity and feed quality. The pattern of lucerne growth and development 

within each regrowth cycle shows seasonal variation. Specifically shoot growth rates increase 

with increased temperature (Figure 2.3).  
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Figure 2.3: Linear growth rates of irrigated lucerne in relation to mean temperature at Lincoln 

University, Canterbury, New Zealand. Each point represents the mean from 5 years of data 

and bars represent standard error either side of the mean. ( ○September- January), (●May-

February) (Moot et al., 2003) 

 

This difference is caused by seasonal changes in the allocation of DM production between 

shoots and roots (Khaiti & Lemaire, 1992). In spring, roots lose weight as stored 

carbohydrates are either lost in respiration or remobilised for the initiation of the new basal 

buds after defoliation (Kim et al., 1993). In contrast, autumn shoot growth is reduced because 

of increased assimilate partitioning to roots as plants replenish reserves for over wintering and 

spring re-growth. Figure 2.4 shows the effect of different grazing regimes on shoot and root 

DM. For both treatments there is a net loss of root DM in the spring and summer regardless of 

rotation length. In autumn the 28 day rotation compared to the 48 day rotation continued to 

lose root DM as stored reserves were used to renew the canopy of stems at the beginning of 

each re-growth cycle. In contrast the long rotation crop replenished root reserves throughout 

February and March to at least 3 t DM/ha. The difference in the underground root DM 

influenced shoot DM production in the following spring (Figure 2.4). The long rotation crops 

produced twice as much as the short rotation crops by mid-September despite experiencing 

the same winter and early spring conditions.  
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Figure 2.4: Root dry matter of irrigated ‘Kaituna’ Lucerne crops defoliated at 28-day (○) and 

48-day  (●) intervals at Lincoln University, Canterbury, New Zealand 

 

 

Figure 2.5: Early spring dry matter accumulation at 28-day ( ○ ) and 48-day (●) interval at 

Lincoln University, Canterbury, New Zealand (Moot et al., 2003) 

 

Vegetative and reproductive development also exhibits seasonal trends. Brown et al., (2005b) 

showed that ‘Kaituna’ lucerne was constant in the thermal time requirement between 

successive nodes (phyllocron) at 37±5°Cd in winter, spring and summer. Thus, for a mean 
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summer temperature of 17.5 °C, a node will appear every second day. In contrast in winter 

when mean temperatures are 4.5°C, a node appears every 7-10 days and leaf expansion is 

slower. In autumn, phyllocrons may increase upto 60°Cd because of the shorter day length.  

The time from defoliation to flowering is also dependent on thermal time. However the 

thermal time requirement is modified by photoperiod. Lucerne is a long day plant; therefore 

the thermal time interval from defoliation to flowering increases as day length decreases 

(Major et al., 1991). This is shown in Figure 2.6 where thermal time requirement from 

defoliation to flowering increased from 380°Cd to 550°Cd as the mean photoperiod decreased 

from 16 to 13.5 hours (Moot et al., 2001).  

 

 

Figure 2.6: Thermal time requirement to reach bud initiation against mean photoperiod of 

irrigated ‘Kaituna’ Lucerne at Lincoln University, Canterbury, New Zealand (Moot et al., 

2003) 

 

Objectives for winter management should be related to weed control and ensuring that crop 

re-growth is early and vigorous as possible in spring. Moot et al., (2001) showed that late 

winter, early spring grazing (21 August) decreased the final annual DM yield by 25% because 

grazing removed the growing points from each stem. New stems had to be initiated, which 

delayed spring grazing by 4 weeks and enabled weed content to increase by 50%. This has 

large implications for dairy systems as feed demand is high post calving in early spring and 

any grazing event on the lucerne will cause a decrease in the total yield over successive 

grazing events.  
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During spring growth, temperature, solar radiation and water are usually non-limiting.  

Flowering is delayed by the short photoperiod, so defoliation should be based on crop growth 

rather than development criteria such as flowering or basal bud development. Waiting until 

herbage is 25-30 cm high provides a compromise between maximising rapid stem extension 

and meeting increased animal demand. The duration of grazing should be set as to avoid 

damaging new stems to encourage regrowth of the crop. Because lucerne has not been used in 

many dairy systems in Canterbury is unsure what rotation length will be required. 

During summer in the absence of water stress lucerne growth is rapid increasing in response 

to high temperatures and long photoperiods. Where lucerne is irrigated the optimum 

frequency and timing of water application is dependent on the available soil water holding 

capacity (Hayman, 1985). After defoliation the crops demand for water is low. Therefore, 

irrigation should be delayed for 7-10 days to allow greater canopy development and light 

capture so that lucerne can out-compete germinating weeds as irrigation will encourage 

germination of weed seeds in soil seed bank. 

During autumn decreasing temperatures and photoperiods reduce both growth and 

development. The main allocation of assimilates for the crop shifts from shoot to root 

production, replenishing reserves for over wintering and spring regrowth. To maximise root 

reserves, the crop should be allowed to reach 50% flowering in early autumn (February- 

March). This is because the thermal time required for flowering in early autumn becomes 

progressively longer as photoperiod shortens in April-May. (Moot et al., 2003).  

2.2.4 Annual DM production  

Monaghan et al., (2004) compared pasture growth rates on a model Canterbury dairy farm 

against four other model farms from different regions (Figure 2.7). Contrasting patterns of 

growth and quality were evident between four different regions. Regions were Toenepi 

(Waikato), Waiokura (Taranaki), Waikakahi (South Canterbury) and Bog Burn (Southland). 

Relatively steep pasture growth profiles during spring and autumn were observed in the South 

Island catchments (Figure 8c, d), whereas the North Island catchments (Figure 8a, b) had a 

slightly more even growth profile throughout the year. This was evident by the greater winter 

and lower spring flush of the North Island catchments. Pasture yields on the Canterbury plains 

average approximately 9 t DM/ha for dryland and 18 t DM/ha under irrigation, compared to 

15 to 18 t DM/ha on North Island research stations and 14 t DM/ha for Southland (Clark et 

al., 2007).  

 



 15 

 

Figure 2.7: Monthly pasture growth rates recorded in the (A) Toenepi, (B) Waiokura, (C) 

Waikakahi, and (D) BogBurn catchments. Data presented are mean values for 2 years of 

pasture monitoring (Monaghan et al., 2004) 

 

Douglas (1986) reported lucerne yields in New Zealand ranged from 6.5 to 28 t DM/ha/year 

and on average were 40% higher than grass based pastures in dryland regions. This was also 

found in Black (2004) and Brown et al., (2005) where annual yields of 13.4-21.3 t DM/ha for 

lucerne pastures were almost double the annual yield of 8.5  t DM/ha for perennial 

ryegrass/white clover pastures. In the ‘Maxclover’ grazing experiment (Mills & Moot, 2010) 

in comparison with six mixed dryland pasture species, lucerne has the highest yield in the first 

four years of the experiment at 13.1-18.5 t DM/ha/yr. The perennial ryegrass white clover 

pasture yield averaged 9 t DM/ha/year in comparison. High annual DM yields are driven by 

higher mean growth rates through periods of water stress in summer (Mills et al., 2008). 

The range of locations, soil types and management options available to lucerne growers 

means there is considerable variation in the yield potential and yields achieved across the 

country. These are also influenced by irrigation and crop management. Under irrigated 

conditions, annual yields of lucerne (16-28 t DM/ha) were 30% greater than chicory or red 

clover. Lucerne yielded 17.5-21 t DM/ha under dryland conditions, which was also 30-50% 

greater than chicory or red clover (Brown & Moot, 2004). The DM yield advantage of 

irrigated lucerne came from greater cool season growth, with 15 kg DM/ha per day higher 



 16 

growth rates in September and 10-30 kg DM/ ha per day higher growth rates from March to 

May (Brown et al., 2005). On similar soil types on an adjacent trial, Black (2004) stated that 

irrigated perennial ryegrass plots yielded 17.8 t DM/ha/yr.  

Michels et al., (2014) found that on light soils at Lincoln under full irrigation DM yields of 

lucerne and ryegrass were similar (18.6 t DM/ha). However under nil irrigation, lucerne DM 

yields were significantly lower than ryegrass at 6.3 and 8.7 t DM/ha respectively. This 

contrasts with the deep soil conditions of Brown et al., (2005) in which lucerne significantly 

out yielded perennial ryegrass. The dryland advantage of lucerne is usually attributed to its 

deeper tap root system that enables access to additional water supply when compared to 

shallower fibrous root system of ryegrass. However, the shallow and stony soil in this study 

provided limited  additional water for the crop to take up in the deeper soil layers (Michel et 

al., 2014). The growth strategies of ryegrass also contributed to the increased yield on the 

shallower soils with its cool season biomass production enabling higher water use efficiency 

(WUE) while lucerne production is greater in the summer months when warmer conditions 

reduce WUE. 

Woodward et al., (2008) compared growth rates of legumes being used for a total mixed 

forage ration study in the Waikato, against perennial ryegrass-white clover past control 

without irrigation. Total DM production of the perennial ryegrass was 21.6 t DM/ha/year, 

lotus (Lotus corniculatus) 12.3 t DM/ha/year, white and red clover mix 11 t DM/ha/year, 

lucerne 16.4 t DM/ha/yr. In the drought of 2007/2008, growth rates on perennial ryegrass 

pastures averaged 2 and 9 kg DM/day throughout March. The effects of the drought were 

comparatively lower on the control farmlet, since the legume crops (particularly the lucerne) 

suffered a smaller decrease in yield during the dry conditions; during March 2008 for example 

the lucerne grew at 53 kg DM/ha/d.  

2.2.5 Seasonal DM production 

Spring 

The increased growth rates of perennial ryegrass pastures early in spring is due to lower 

optimum temperatures and also the initiation of its reproductive phase coinciding with rapid 

stem elongation and a ‘flush’ of growth. Greater temperature requirements and seasonal 

changes in the allocation of DM between roots and shoots delay maximum DM growth rates 

for lucerne pastures and create a longer initial period of the linear growth phase (Murray-

Cawte, 2013). Lucerne re-mobilises carbohydrate and N from the roots in spring to begin 
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growth, and in autumn it allocates nutrients to its roots to replenish reserves for the following 

spring (Teixeira et al., 2007).  

Late spring and summer 

Hayman and McBride (1984) reported growth rates of 50-80 kg DM/ha/day for lucerne 

compared to 15-30 kg DM/ha/day for a nearby perennial ryegrass white clover pasture in 

summer under irrigation. Lucerne begins growth later than ryegrass in early spring as it has to 

remobilise root reserves. Therefore it has more water available for a longer period in a 

dryland situation and uses water more efficiently over the season which extends its spring 

phase of maximum growth (Mills and Moot 2010). This is shown in (Figure 2.9) as lucerne 

maintained high growth rates into December and January. For perennial ryegrass in a dryland 

environment, growth slows significantly once soil moisture becomes limiting. Lucerne, 

however, was able to continue growing at higher growth rates in summer due to its water 

efficiency and ability to extract water from further down the soil profile than ryegrass in both 

years (Figure 2.9). 

 

Brown et al., (2005) commented that lucerne growth rates from November-January (70-100kg 

DM/ha/day) were on average 40 kg higher than irrigated pastures in Canterbury (Brown et al., 

2005; Rickard & Radcliffe, 1976). This is similar to what Murray-Cawte (2013) found with 

lucerne reaching maximum mean daily growth rate of 136 kg DM/day in December/January 

regardless of irrigation frequency. This is due to the remobilization of assimilates, greater 

water use efficiency and higher optimum temperatures at 30°C compared to 24°C for ryegrass 

(Brown et al., 2005b).   

When Brown et al., (2000) compared seasonal DM production of irrigated chicory lucerne 

and red clover they found that the increase in annual DM yield of the lucerne pastures was 

due to larger and extended  linear growth phase of lucerne. This was due to remobilisation of 

assimilates and was strongly linked to mean air temperature. The growth rates began to 

progressively decline into autumn as assimilates were mobilised to roots. The growth rates in 

spring. In the 1997/1998 lucerne grew 28 t DM/ha which was 7 t DM/ha greater than red 

clover and chicory (other tap rooted species) (Figure 2.8). 

Using a farm modelling system (UDDER) (Larcombe 1989) Chapman and Kenny (2005) 

showed that for a pasture based dairy production systems in southern Australia, the economic 

benefit of growing extra feed in summer was double that of growing the same DM in spring. 

However, Chapman et el., (2012a) found that when they modelled the economic value of 
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extra forage grown using three different methods (UDDER, Farmax Dairy Pro, and DairyNZ 

Whole Farm Model), the value of summer and autumn forage declined as you went further 

south and the value of winter and early spring growth went up. In Canterbury, extra summer 

feed was of the lowest economic value. 

The differences between lucerne and perennial ryegrass through summer will be regulated by 

water availability. McBride (1994) commented that farmers had moved from an insurance 

approach to irrigation use to fully utilising the production gains possible. In the succeeding 10 

years, dairy farmers have moved even further down this track and are improving irrigation 

efficiency, buying in supplementary feed, using more N fertiliser and winter grazing off-farm 

to increase stocking rate on the milking platform. By adopting these strategies, farmers fully 

utilise the spring water and feed peaks, but increase their exposure to summer-autumn water 

restrictions and failure of silage and winter-feed crops on other farms. Thorrold et al., (2004) 

modelled irrigation reliability on pasture growth (using Rangitata river scheme) and found 

that increasing water allocation did not always reduce production variability, although 

increasing average pasture yield. A study of water supply patterns showed that the run-of-

river scheme was unable to supply any scenario with water at low flow times. Lucerne 

however has the potential to buffer some of the effects of restricted water use in the summer. 

Autumn winter 

Growth rates in lucerne are linked to mean air temperature; however in autumn shoot growth 

rates are lower than in spring at similar temperatures. Autumn shoot growth is reduced 

because of increasing assimilate partitioning to roots as plants replenish reserves for 

overwintering and spring regrowth (Moot et al., 2003).  

Brown et al., (2004) concluded that for total and seasonal DM production lucerne was the 

most suitable species and had the highest potential stock production as a specialist crop in 

irrigated farming systems. 
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Figure 2.8: Linear growth rates for lucerne, chicory, and red clover and the mean temperature 

for the 1997/98 and 1998/99 seasons (Brown & Moot, 2004) 
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Figure 2.9: Mean daily growth rates of six dryland pastures for year six (2007/2008) and year 

seven (2008/2009) of the ‘max clover’ grazing experiment on a Templeton silt loam at 

Lincoln University, Canterbury. Error bars are SEM for rotations where treatment differences 

occurred (from Mills and Moot, 2010)  

2.2.6 Lucerne and perennial ryegrass quality  

Spring perennial ryegrass pasture is predominately green leaf with relatively low 

concentrations of neutral detergent fibre (NDF) (45-55% DM), high DM digestibility’s 

(DMD) (75-80% DM) and metabolisable energy (ME) (11.5-12 MJ ME/kg DM) (Kolver, 

2000). Concentrations of soluble carbohydrates (CHO) are low (10-15% DM) relative to 

crude protein (CP) (25-30% DM), and consequently there is not enough energy in the diet for 

efficient microbial synthesis. As a general response, high quantities of CP coupled with high 

degradability in the rumen (70-80%) result in high concentrations of ammonia absorbed into 

the bloodstream. Animals divert energy from production to remove excess ammonia as urea 

(Ulyatt & Waghorn, 1993). 

In contrast, summer pastures are maturing and the proportion of seed head, stem, and dead 

matter increases relative to leaf. Increased concentrations of neutral detergent fibre (NDF) 

(45-55% DM), lower concentrations of protein (<20% DM) and lower digestibility (<70%, 

<10.5 MJ ME/kg/DM) are the most obvious pasture quality changes. Monaghan et al., (2004) 

found pasture ME values were relatively consistent for the South Island catchments and 

generally ranged between 11 and 12 MJ ME/kg DM. In contrast, pasture ME values in the 

North Island regions ranged between 9 and 12.2 MJ ME/kg DM, with a pronounced decrease 

in summer. Similar results were found in  Litherland, et al., (2002) and Moller (1996). 
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Chaves et al., (2001) has defines relationships in ryegrass between the increasing NDF 

concentration and reduced organic matter digestibility, CP content, and commensurate 

reductions in ammonia concentrations during in vitro fermentation. The slow digestion of 

fibre and low CP content of mature pasture will limit intakes of energy and protein, so animal 

performance can only be sustained by substitution of mature pasture with rapidly digested 

forages with adequate concentrations of protein. Because of these reasons, Burke et al., (2002) 

suggested there were opportunities to incorporate alternative forages into our pastoral systems 

and that there are several legumes and herbs that have the potential to complement pasture. 

The northern hemisphere feeding systems for dairy are based around total mixed ratio of feed 

which include expensive grain and protein supplements with silages and are not economically 

sustainable in New Zealand. However Burke et al., (2000) suggested the same approach could 

be adopted in New Zealand using combinations of forages with diverse structural and 

chemical characteristics 

 

Figure 2.10: Monthly pasture ME values recorded in four catchments. Mean data for 2 years 

of pasture monitoring (Monaghan et al., 2004). 

 

Lucerne is characterised by higher CP concentrations and lower neutral detergent fibre 

concentrations than perennial ryegrass (Table 2.3 (Woodward et al., 2010). The trial of 

Woodward et al., (2010) was designed to look at milk production of cows fed different 

forages, and was all cut and carried from nearby pastures and fed in stalls. This ME was 
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similar between forages although lucerne in this trial had greater DM%. It was unclear in the 

paper at what stage the lucerne and perennial ryegrass was cut, or to what length. This would 

have a large impact on the chemical composition of both herbage samples. 

Table 2.3: Dry matter content (DM), chemical composition and metabolisable energy content 

of the Lucerne and ryegrass offered to cows during days 4 to 13 (Woodward et al., 2010) 

 

The average ME and CP concentrations decrease as the period of regrowth increase for both 

lucerne and ryegrass (Brown & Moot, 2004). Figure 2.11 shows as the yield increases, the 

ME and crude protein of the palatable leaf and leaf fraction is unchanged. However, the 

overall crop quality declines due to the increased proportion of lower quality unpalatable 

(lignified) stem of the crop. Forage quality is highest for the first spring re-growth because it 

remains vegetative. When a stand has less than out 1500 kg DM/ha (20cm tall) it could be 

considered as palatable with a metabolisable energy content of 12.0 MJ/kg DM and a crude 

protein (CP) content above 30% (Brown & Moot, 2004). As yield increases to over 4.0 t 

DM/ha, the ME of the palatable leaf remained constant above 12.0 ME and CP was about 

26%. The stem fraction retained an ME of 8.0 MJ/kg DM and the CP of about 10%.   
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Figure 2.11: Crude protein (a) and ME content (b) of palatable (●) and unpalatable (○) 

fractions of lucerne herbage in relation total standing herbage accumulated during different 

regrowth cycles for crops (Brown & Moot, 2004) 
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Figure 2.12: Percentage of (a) total herbage ( ○) and (b) CP (●) and ME (○) in the palatable 

fraction of the Lucerne from several re growth cycles of crops grown at Lincoln University, 

Canterbury, New Zealand (Brown & Moot, 2004) 

 

Burke and Waghorn (2002) also suggest that lucerne produces favourable metabolisable 

products from fermentation in the rumen. In vitro incubations (Burke & Waghorn, 2002) 

showed the acetate:propionate ratio in lambs fed sulla was 2.6 compared for 3.3 for white 

clover and 3.4 for lucerne and 4.1. Volatile fatty acids are formed from fermentation and the 

metabolism of different carbohydrates. They are then transported in the blood stream and used 

primarily as an energy source for the animal. Higher ratios of propionate at the expense of 

acetate and butyrate are beneficial because they are more efficient as an energy source. 

Volatile fatty acids (VFA) represent about 65-75% of energy available to ruminants and are 

usually dominated by acetate (60-70% of VFA from pasture) compared to glucogenic 

propionate, which has important implications for nutrient supply. For example, milk yield is 

dependent on a supply of glucose much of which will be supplied by propionate (Burke et al., 

2006). 
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From a quality perspective, there seems to be little difference between lucerne forage and 

perennial ryegrass grown under irrigation. Despite higher CP in lucerne under irrigation 

perennial ryegrass provides adequate CP (18%) (Kolver, 2000) throughout season, so the 

main advantage would be with digestive parameters associated with lucerne. This is supported 

by Hoffman et al., (1998) who found increases in milk production for cows fed alfalfa silage 

compared to perennial ryegrass silage. Despite the increased nutritive characteristics of 

perennial ryegrass silage compared to lucerne silage, cows fed perennial ryegrass silage 

consumed less DM and produced less milk. They concluded that cows fed perennial ryegrass 

silage were not limited by the inherent nutritional qualities, but by the physical limitations in 

particle degradation as suggested by Waghorn et al., (1989). 

2.2.7 Digestion Kinetics 

Table 2.4 and Table 2.5 show the quality and digestion characteristics of lucerne compared to 

a number of other fresh and conserved forages. Lucerne in this study was higher in CP 

concentration compared to perennial ryegrass (29.9% and 15.5% respectively). Lucerne also 

had lower fibre concentrations, which accounted for its fractional degradation rate being 

higher than that of perennial ryegrass (0.131 h-1 and 0.114 h-1) with lower lag time (0.9 h-1 

compared to 4.6 h-1  for ryegrass) in the rumen. 

The lower lag time of lucerne compared to ryegrass is due to a higher proportion of its DM 

being soluble (40-50% of DM in legumes, 35-40% of DM in ryegrass) (Burke et al., 2000). 

Bacteria have immediate access to soluble DM, including access through damaged cell walls 

(chewing will rupture 61% of plant cells in lucerne compared to 47% of plant cells in 

ryegrass) and succulent forage such as lucerne leaf will be completely degraded in as little as 

3 hours (Kelly & Sinclair, 1989).  The remaining 40-50% of grass DM imposes a severe 

limitation on further feed consumption because comprises tough fibre which must be reduced 

to a size able to pass through a 2 mm aperture in order to reach the omasum, abomasum and 

intestines. 
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Table 2.4: Forage dry matter (DM) content and composition (% of DM) and predicted 

organic matter digestibility (OMD) determined by Near Infrared Reflectance Spectroscopy for 

fresh and conserved species (Burke et al., 2000) 

 
 
Table 2.5: Forage dry matter (DM) degradation characteristics (% of DM) as defined by 

soluble DM (A), degradable insoluble fraction (B), potential degradability (P), fractional 

degradation rate (k, h-1), lag time (L:h) and effective degradability (E) which takes into 

account the effect of passage from the rumen (Burke et al., 2000). 
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Rumen clearance has a major influence on forage DM intake. The rate at which forage DM is 

cleared from the rumen is determined in part by the release and fermentation of plant cell 

constituents, and also the effectiveness with which chewing is able to reduce the particle size 

of fibrous residues (Ulyatt et al., 1986). Clearance of forage diets is therefore largely 

determined by the cell-wall content and cell wall composition of the diet.  

Waghorn et al., (1989) found that chewing reduced 61% of lucerne DM but only 46% of 

perennial ryegrass DM to a size able to pass through a 2 mm sieve. The higher resistance of 

perennial ryegrass to breakdown is further indicated by the increase to 51% of rumen DM 

unable to pass a 2 mm sieve at 11.30 hours (2 hours after feeding). The slow clearance of 

ryegrass was indicated by the larger pre-feeding DM pool which was 47% of daily intake (cf. 

39% of daily intake for lucerne). One consequence of high fibre content of ryegrass is that 

less DM is available for release into the highly fermentable ‘soluble’ and ‘residue’ pools 

during eating. Lucerne leaf contained a higher proportion of water soluble sugars, organic 

acids, pectin, chroloplasts, and much of the soluble protein (cf. ryegrass and lucerne stem), 

and must account for the large increase in ‘soluble’ and ‘residue’ DM pools in the rumen 

during the first hour of feeding. In Waghorn (1989) the increase was nearly double that of 

ryegrass (310 g for lucerne and 116  g for ryegrass in soluble pools and 419 g for lucerne and 

277 g for ryegrass in residue pool ). This was accompanied by a rapid increase in rumen VFA 

and ammonia concentration and a rapid decline in pH with the lucerne diet. 

The rapid physical breakdown of lucerne leaf to a size able to pass from the rumen, together 

with its high protein content will enable more feed protein to reach and be digested in the 

intestines of cows fed on lucerne than those fed on perennial ryegrass. This will contribute to 

the higher nutritive value of lucerne, while the rapid clearance of leaf DM will enable a higher 

intake of lucerne when feed is available under true ad lib conditions. As mentioned in 

Waghorn et al., (1989), the principal limitation to a high nutritive value of perennial ryegrass 

is its high resistance to particle breakdown and subsequent rumen clearance. 

2.2.8 Milk Production and Milk Composition 

New Zealand livestock systems are based on perennial ryegrass dominant pastures, but they 

are unable to maximise animal production. The main limitations to perennial ryegrass based 

diets are the moderate energy concentrations and limited digestible intake, low dry matter 

content and excessive fibre (restricting intake), low concentrations of readily fermentable 

carbohydrates (soluble sugars, organic acids, pectin) relative to crude protein and fibre 

concentrations. High CP and insufficient undegradable protein (UDP) concentrations require 
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excess ammonia to be removed at a metabolic cost and the quantities and proportions of 

volatile fatty acids (VFA’s) arising from fermentation may not be optimal for rapid growth or 

milk production. Often forages required to complement ryegrass rarely persist in mixtures and 

specialist paddocks may be needed (Burke et al., 2002).  

Bryant (1978) published research on the comparative milk production from grazed perennial 

ryegrass and lucerne in New Zealand. This trial also compared milk composition, and 

concluded that in a leniently grazed system perennial ryegrass would yield more milk (fat, 

protein and lactose composition was variable over the season) than lucerne fed cows in early 

spring. However this result was reversed in late lactation with lucerne producing 0.37 

kg/cow/day more milksolids and also increasing in liveweight by 0.22 kg/cow/day. 

In a farmlet trial in the Waikato, Woodward et al., (2008) found milksolid production per cow 

and per hectare was 9.5% higher on the forage mixed ration (FMR) farmlet (comprised of 

50% legumes, lucerne, lotus and clover mix) compared to the control farmlet in 2006/7 and 

5.5% higher in 2007/2008 (Table 2.6). As expected most of this advantage was achieved in 

late summer and autumn when cows in the FMR herd were producing 20% more milk than 

the control cows due to the higher nutritional value of their diets. Woodward, et al., (2008) 

concluded that including high nutritive value legume forages on-farm did have a positive 

response on MS production and profitability. 

Woodward et al., (2008) after having positive results with feeding legumes (for mixed ration 

study Waikato) through summer and autumn tried to manipulate calving date to reduce feed 

deficit in early spring (Figure 2.13). Unfortunately the potential milksolid production through 

autumn was not reached in the FMR herd as they were dried off early (11 April). This was 

due to the body condition score of the cows reaching critical level for drying off (3.5 for cows 

and heifers start of April) 
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Figure 2.13: Milk solid production per cow during 2006/2007 and 2007/2008 for the control 

(○) and for the FMR farmlets (●) 
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Table 2.6: Lactation length, milk production, milk composition, milksolid production, 

liveweight and body condition score at drying off on the Control and FMR farmlets in 

2006/2007 and 2007/2008. (Woodward et al., 2008) 

 

Woodward et al., (2010) in an indoor feeding trial, showed that changing cows diet from 

perennial ryegrass to lucerne immediately increased dry matter intake (DMI) (16.5 kg 

DM/cow/d compared to 14.8 kg DM/cow/day; Table 2.7). This was similar findings to farmlet 

trials in Woodward et al., (2008). The lucerne-fed cows always had a higher DMI than 

ryegrass fed cows ranging from 12% higher on day 4 to 23% higher on day 10. From Day 7 

onward the cows fed lucerne averaged 20% more milk than those fed perennial ryegrass 

(Figure 2.14). 

Table 2.7: Dry matter intake, milk production, milk composition and feed conversion 

efficiency data from cows changed from ryegrass to lucerne on Day 4 or fed ryegrass 

throughout the experiment. The data here are the mean values for the two treatments from day 

7 to 13 once milk production has stabilised. (Woodward et al., 2010) 

 

Milk production stabilised by day 7 and feed conversion efficiency (FCE) (g MS/MJ 

Metabolisable energy (ME)) was higher for the lucerne-fed cows than the ryegrass-fed cows 

(Table 2.7). With ME values similar for the lucerne and ryegrass treatments the increase in 

FCE could be due to the increased proportion of valuable volatile fatty acids. 
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Hoffman et al., (1998) in a trial demonstrated that feeding lucerne silage produced more milk 

(31.8 kg/day) than cows fed perennial ryegrass silage (30.2 kg/day).  Cows fed perennial 

ryegrass, ate less (2.2 kg/day) than cows fed lucerne. They also concluded that because DM 

intake was lower, diet digestibilities were higher, and the rate of passage was slower for cows 

consuming perennial ryegrass. In this trial they also found non-significant changes in the 

composition of milk with milk fat percentage and milk protein percentage similar between 

both treatments.  

Baudracco et al., (2006) used lucerne as the main grazed pasture species in developing a 

model to predict daily pasture DM intake (DMI) of grazing dairy cows in Argentina. The 

model predicted that pasture DMI reached a plateau at 45 kg DM herbage allowance above 

ground level, resulting in a high DM intake (21.5 kg DM/cow/day) for unsupplemented cows. 

Previous experiments have demonstrated that feeding dairy cows legume-based diets such as 

white clover (Harris et al., 1998) increased milk solid production compared with cows fed 

ryegrass dominant diets. The increase occurred particularly in the late summer and autumn 

and was due to the higher nutritional value of the legumes, the higher DM intake of cows fed 

legumes and the presence of condensed tannins on some legumes such as lotus. Woodward et 

al., (2008) stated that the challenge despite these results was to successfully incorporate these 

legumes into a practical farm system and determine whether the potential production benefits 

occurred on farm, and whether or not a legume-based farm system would be more profitable 

than the traditional ryegrass-based system.  

Woodward et al., (2010) however showed significant differences in milk composition with 

low milk fat percentage compensated by an increase in milk protein percentage in lucerne fed 

cows (Table 2.7). Lucerne fed cows from day 7 fed, had 8% lower milkfat and 13% higher 

milk protein concentrations. This is not unusual with greater increases in rumen degradable 

protein available. In Bryant (1978) there was no difference in milk protein concentrations, 

however lucerne had reduced fat content in the milk in two of the three trials. 

2.2.9 Grazing and Diet Transitioning 

Because legumes have different requirements in terms of digestion kinetics, they often require 

a period of transitioning where rumen populations are adjusting the sudden change in 

chemical composition of the feed.  Woodward et al., (2010) showed that lucerne-fed cows 

always had a higher DMI than perennial ryegrass fed cows ranging from 12% higher on day 4 

to 23% on day 10 (Figure 2.14). However on day 4 after the transition this increase in DMI 

was accompanied by a 24% decrease in milk yield, suggesting there was an effect on 
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microbial metabolism which caused decline in milk production. Milk yield was only 7% 

below that of cows feed ryegrass on day 5, the second day of lucerne feeding. By day 6 the 

cows feed lucerne were producing 6% more milk than those fed ryegrass and from day 7 

onward the cows fed lucerne averaged 20% more milk than those fed ryegrass. This stabilised 

from day 7. Woodward et al., (2010) commented that it was likely to be a metabolic shift in 

bacteria that caused the reduction in milksolid production although they were unsure as to the 

exact cause.  

 

Figure 2.14: Daily milk solid yield of cows changed from ryegrass to lucerne (●) on day 4 

and cows fed ryegrass (○) throughout the experiment. Daily dry matter intakes (DMI) of cows 

changed from ryegrass to lucerne ( □ ) on day 4 and cows fed ryegrass (■) throughout the 

experiment are also shown. DGGE analyses of rumen microflora were done on days marked 

(X) (Woodward et al., 2010) 

 

There are few examples of direct feeding lucerne by dairy cows in New Zealand. However 

this is common practice in some South American countries. For example, in Argentina 

Basigalup and Ustarroz (2007) reported that 4.7 M hectares of lucerne is grown and in the 

Pampa region over 90% of the lucerne grown is used for direct feeding to dairy and beef 

cattle. Compared with confined feeding the lower operational costs, higher utilisation in situ 

and healthier animal products for animal consumption were highlighted as advantages for 

direct feeding. Danelon et al., (2002) stated that lucerne was the most popular forage for dairy 

cows in Argentina. Crops are strip grazed at about 69% efficiency but this may be improved 

by mechanical mowing and wilting prior to grazing. The addition of corn supplementation 

before grazing lucerne may also be used to reduce the incidence of bloat (Bretschneider et al., 

2007). 
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Cosgrove et al., (2006) investigated novel ways to present these high quality forages to the 

cows to increase contribution of legumes in their diet. Two treatments consisted of spatial and 

temporal arrangements of perennial ryegrass (AR1 and wild endophyte) and white clover 

allocated to cows side by side with continuous access, or perennial ryegrass only at night and 

clover during the day. Cows managed under either the spatial or temporal grazing 

arrangement produced 19.4 and 17.9 l milk/cow/day compared with 15 and 14.6 l/cow/day 

when offered a normal binary mix or just grass respectively (32% higher milk yield and 20% 

higher milksolids). One of the key benefits within the spatial separation treatment was that it 

offered the opportunity to substantially increase total DM intake compared with animals 

eating grass only or clover. 

The spatial separation had a grass:clover ratio of 18:82 compared with 50:50 within the grass 

night and clover day treatment suggesting that more of these high nutritive value forages in 

the diet is beneficial. If given a 24 h herbage allowance of sole lucerne it is unclear what 

pattern of grazing the cows will use and how this will influence rumen function (Cosgrove et 

al., 2006). 

Several studies have shown significant benefits from spatial separation however the approach 

is designed to present forages in an area that closely matches the animal perspective of what 

constitutes an optimal diet. This means that 70% of the area would have to be in legume 

(partial preference of 70% legume and 30% grass) to remove any possibility of ‘paradox of 

imprudence’ where higher preference and intake of a particular species may reduce the 

presence of growth rate of it resulting in animals eating less of the preferred food (Slobodkin, 

1974). Pembleton et al., (2014) noted that the presence of additional species on the platform 

will require modification the management principals of dairy pastures to ensure that the 

additional species remain productive and persistent.   

Temporal separation will help alleviate the possibility of exaggerated poor dry matter 

production during critical periods (more perennial ryegrass in peak production in spring when 

legume growth is slow) as there is a greater ability to rest white clover paddocks. Milk 

production was 14% higher in cows grazed rotationally and offered white clover swards after 

the morning milking and pure grass after the afternoon milking compared to cows offered 

twice daily allocations of fresh mixed grass and white clover pasture (Rutter et al., 2003). The 

use of temporal separation will target diurnal patterns of cows grazing behaviour. Net 

photosynthesis and evapo-transpiration losses increase herbage nonstructural carbohydrate 

and DM concentrations, which leads to longer and more intense grazing bouts at dusk. Hence, 

linking the grazing pattern, plant phenology, and herbage allocation time emerges as an option 
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to manipulate the grazing bouts and nutrient intake (Gregorini et al., 2006). By offering higher 

quality forage in the morning after milking there is potential this will increase intake when 

typically grazing time is less (Orr et al., 2001) 

2.2.10 Herbage allowance effects on milk production and pasture quality 

Ulyatt and Waghorn (1993) and Muller (1993) have emphasised that the limitations to cow 

productivity in pasture based dairy systems often arises from a low voluntary DM intake of 

herbage and nutrient levels that differ from those required by the lactating animal. The 

feeding value of herbage for animal production is a function of the quantity eaten and the 

concentration of nutrients consumed in the DM. The composition of herbage consumed by 

grazing animals can vary markedly from that on offer due to selection within the sward 

(Wales et al., 1998). Selection alters with pasture type, pre grazing pasture mass, herbage 

allowance and grazing pressure (Holmes et al., 2007) although the influence and order of 

importance of these characteristics is not well defined (Dalley et al., 1999). 

Bryant (1978) published research on comparative milk production from grazed perennial 

ryegrass and lucerne in New Zealand. They also compared milk production and composition 

of cows fed lucerne at different herbage allowances. They concluded that milk yield, protein 

and lactose increase linearly with increases in herbage allowances from 18 kg/cow/day to 42 

kg/cow/day. The most significant changes were in milk protein in early lactation increasing 

from 0.61 kg/cow/day to 0.68 kg/cow/day.  

Stockdale et, el., (2001) summarised available information on the nutritive characteristics of 

pastures in northern Victoria and some of the factors that most likely to affect these 

characteristics and the prediction of selection differentials. Selection differential is calculated 

as: nutrient selected/nutrient in pre grazing mass (Dalley et al., 1999). If the values are >1 then 

the quality of the diet selected was greater than the original herbage offered. They showed 

that the greater the amount of herbage removed the lower the selection differential for 

nutrients. Dalley et al., (1999) demonstrated as herbage allowance per cow increased from 20-

70 kg DM/cow/day, dry matter intake increased curvilinearly from 11.2 to 18.7 kg 

DM/cow/day. This was associated with a decrease in utilisation of herbage from 54% to 26% 

and an increase in milk production from 25.9 to 29.1 kg/cow/day. Irrespective of herbage 

allowance, cows selected a diet that was approximately 10% higher in in vitro dry matter 

digestibility and 30% higher in crude protein than the herbage on offer. There was no 

selection differential in this study because it was done in spring and the overall quality of the 

forage was very high with 11.6 MJ metabolisable energy/kg DM, 202 g crude protein/kg DM 

and 525 g neutral detergent fibre/kg DM. 
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Wales et al., (1998) found that herbage DM intake and utilisation in Victoria under irrigated 

perennial ryegrass pastures followed a similar pattern when herbage allowance increased. 

Cows also selected 11% greater in vitro dry matter digestibility that the pasture offered and 

crude protein increased from 21 to 41% above herbage on offer as herbage allowance 

increased. Milk production also increased from 9 to 15.5 kg/day as herbage allowance 

increased at a marginal response of 0.99 kg milk/kg extra DM consumed. In Wales et al., 

(1999), there was lower marginal responses 0.28 kg milk/kg extra DM consumed in 

experiment 2, with 0.64 kg milk/kg extra DM consumed in experiment 3. However herbage 

intake still followed the same curvilinear response increasing from 8 to 17 kg DM/cow/day 

from 20 the 70 kg DM/cow/day offered.  

There has been little or no work down on the selection differentials of cows grazing lucerne at 

different herbage allowances. However because of the plant morphology and the grazing 

dynamics involved, cows have a greater ability to select preferential parts of the lucerne plant. 

Brown and Moot (2004) showed that even at pre grazing mass where only 57% of the crop 

was considered high quality palatable fraction, the selective grazing allowed for 80% of total 

CP and 70% total ME to be consumed. This grazing selection showed that delaying 

defoliation will not reduce stock performance unless under extremely low herbage allowances 

were cows are forced to consume the low quality stem in standing herbage.  

2.2.11  Modelling 

Developing and validating models for simulating the growth of complementary forages 

provides a cost effective approach to the evaluation of inter-annual performance and the 

influence of agronomic management on production (Pembleton et al., 2011) 

Peel (2011) modelled different scenarios using Farmax, involving 0%, 10%, 20% and 30% 

lucerne crop on the base farm (Lincoln University Dairy Farm). The modelling showed that as 

the area of lucerne increased, the greater the shortage of feed in the spring and autumn. 

Lucerne increased herbage production in summer however also created a feed deficit in the 

spring when its growth rates are lower than perennial ryegrass, during which time feed is most 

valuable. The advantage from the lucerne was based on DM production over the summer and 

did not include any potential nutritional effects. It was suggested that because of the lower 

associated costs (no N fertiliser) that lucerne retains the potential to be more profitable than 

perennial ryegrass white clover, when the cost and availability of supplementary feed is 

favourable. Peel (2012) also modelled the possibility of manipulating calving date to have a 

greater fit with the lucerne production curve. However moving the calving date reduced the 
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length of the season and thus increases the amount of milk the herd needs to produce each 

day. The 15% lucerne slightly increased production due to providing more feed in summer but 

the 20% lucerne reduced milk production due to a lack of excess pasture for silage and 

therefor no supplementary feed for the April-May period where higher milk production was 

needed to be maintained for longer to make up for the shorter season.  

2.2.12 Nitrogen losses 

Dairy farm effluent which is captured in the shed is only 5-10% of the total animal excreta 

deposited, with most returned in paddocks after grazing. A typical New Zealand dairy farm 

with relatively low stocking rate and N inputs will have around 106 kg/ha of surplus N with 

30 of that being lost to N leaching (Ledgard et al., 2000). The source of leached nitrate is 

predominantly from N deposited in cow urine. This excess N is excreted as urea in the urine, 

which is concentrated in localised patches on paddocks (Pacheco & Waghorn, 2008). This is 

likely to be in the autumn or the winter, as leaching is largely confined to the winter period 

when soil moisture is at field capacity and net drainage occurs (between May and September 

in Canterbury). At this time low temperatures also mean that the uptake of urinary N by grass 

is relatively slow.  

Lucerne, however, may also supply more rumen degradable protein. Dietary proteins are 

hydrolysed in the rumen depending on their solubility (intraruminal degradation of zein is 

40% and casein is 90) and are hydrolyzed to produce amino acids which are further 

deaminated to ammonia (Kirsopp, 2001). If in excess of dietary requirements or in the 

absence of enough energy, the ammonia may not all be converted to microbial protein.  

Because ammonia is toxic in the rumen liquor it is transported out via the bloodstream to the 

liver where it is converted to urea at an energy cost to animal and excreted. This in 

combination with the slow winter growth means that potential N losses could be greater than 

ryegrass/white clover mixtures. 

Environmental consequences of excess dietary N are equally severe and related to daily to N 

excretion in the urine. Urinary N is immediately available (unlike faecal N) for leaching or 

volatilisation. Under wet conditions the anaerobic environment beneath the urine patch can 

result in significant N2O emissions and account for about 60% of New Zealand N2O 

emissions (Ledgard et al., 2000) 

There is also possibility to explore supplement options to mitigate the effects of higher rumen 

degradable protein. Van Vuuren and Mejis (Van Vuuren & Mejis, 1987) examined the 

efficiency of cows fed the same DM levels of pasture or a 50:50 pasture:maize silage diet and 
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measured 40% greater conversion of dietary N into milk and 45% less N excreted urine from 

the pasture:maize silage diet. Muleke (2014) showed that fed supplements reduced urinary N 

excretion on cows fed predominantly lucerne herbage. This did not differ between cows fed 

maize or grass silage as supplemental feed, with the reduction averaging 19 % over both 

treatments. 

2.2.13 Conclusions 

The following key conclusions emerge from lit review 

1. Lucerne is productive forage, and has many attributes which could benefit dairy farm 

systems in Canterbury; however there is little information on DM production relative 

to ryegrass under irrigation. 

2. There is little data on milk production responses to lucerne and what management 

techniques available to reduce milk production losses during transition. 

3. Despite the perceived advantages to lucerne there is a need to understand how its use 

might influence the whole farm system from an environmental aspect. 

4. There is a need to use systems models to examine how lucerne can be incorporated 

into farm systems, and whether it can be profitable. 
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    Chapter 3 
The effect on milk production, composition and N 
partitioning of cows grazing lucerne and ryegrass 

pastures 

3.1 Introduction 

Milksolids production in New Zealand dairy systems is strongly linked to the quantity and 

quality of herbage harvested. The most commonly used pasture is a binary mixture of 

perennial ryegrass and white clover, which produces high DM yield and high quality herbage 

under a wide range of environments and management (Kemp et al., 1999b). Both species, 

however have shallow root systems which limits there access to water and and can lead to 

water stress and reduced herbage accumulation (Hoglund & White, 1985). Further, there may 

be a decline in herbage quantity and quality in late spring and summer in these pastures, 

particularly reflecting the effects of the development of reproductive material in perennial 

ryegrass pastures (Litherland et al., 2002; Moller et al., 1996; Monaghan et al., 2004).  

Lucerne as an alternative to perennial ryegrass has increased potential in summer dry 

conditions or where irrigation water becomes more expensive and or unreliable. Several 

studies have also noted high pasture quality in lucerne compared to perennial ryegrass and 

other forage species (Brown & Moot, 2004), and numerous studies have shown that 

increasing the proportion of legume in the diet increases milk production (Cosgrove et al., 

2006; Woodward et al., 2008). However, despite the potential advantages of lucerne, there is 

limited work from New Zealand or elsewhere on the effect of lucerne on milk production 

compared to perennial ryegrass. Byrant (1978) in a fully grazed trial reported no increase in 

milk production when cows where fed lucerne compared to perennial ryegrass-white clover 

mixture. However it was concluded that lucerne was at least equal in milk 

production/composition and superior to perennial ryegrass in putting on liveweight lost from 

early lactation. Woodward et al., (2010), in a cut an carry indoor trial, in mid lactation showed 

increased milk production from cows fed lucerne compared to perennial ryegrass which was 

associated with an increase in herbage DM intake. However, the Woodward et al., (2010) 

study was conducted with perennial ryegrass herbage of low quality (10.6 MJ ME/kg DM), 

and it is not clear that whether similar results would occur in an irrigated situation where 

quality of both perennial ryegrass pasture and lucerne were high.  
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A key finding from Woodward et al., (2010) was cows grazing lucerne also had significant 

reduction in milk production during the transition period from grazing perennial ryegrass 

pastures to pure lucerne. This was thought to be due to a change in the metabolism of the 

resident rumen bacterial population as DM intake remained high. This decline may be a 

concern for integrating lucerne into dairy systems, particularly where lucerne makes up a 

small proportion of the forage base on farm. Further, there are concerns about the lower 

growth of lucerne in late winter-early spring relative to pasture (Murray-Cawte, 2013), when 

cow energy demand is high. Methods to reduce the effect of transition on milk production are 

therefore sought. One concept proposed to address this is to use monocultures of alternative 

species either as spatially separated monocultures in same paddock or as swards offered at 

different times of the day. Cosgrove et al., (2006) investigated novel ways to present legumes 

and perennial ryegrass forages to cows to increase the contribution of legumes in their diet. 

Cows were offered perennial ryegrass and white clover as spatially separated monocultures or 

on diurnal sequence of legume in morning and perennial ryegrass in the afternoon. Cows 

offered both of these two treatments produced 19.4 and 17.9 kg milk/cow/day compared with 

15 and 14.6 kg/cow/day when offered a normal binary mix or just perennial ryegrass and 

white clover respectively (32% higher milk yield and 20% higher milksolids). Furthermore, 

Rutter et al., (2004) showed there was a diurnal pattern to preference in temporal separation 

with a stronger preference for white clover in the morning and for perennial ryegrass 

increasing during the day.  Rutter et al., (2004) also showed greater milk production where 

cows were offered white clover in the morning and perennial ryegrass in the afternoon than 

when offered a mixture of perennial ryegrass and white clover.  

There is increased pressure to reduce the environmental impact of dairy farming. Nitrogen 

management is of particular concern in pasture based systems due to its impact on water 

quality in aquifers, rivers and lakes (Ledgard et al., 2000). A typical New Zealand dairy farm 

with relatively low stocking rate and N inputs will have around 106 kg/ha of surplus N with 

30 of that being lost to N leaching (Ledgard et al., 2000). The source of leached nitrate is 

predominantly from urea deposited in cow urine, which is partitioned into urine as a waste 

product of metabolism and reflects low utilisation and an excess of N in the diet of dairy 

cows. Environmental consequences of excess dietary N are related to daily to N excretion in 

the urine (Ledgard et al., 2000). Unlike faecal N, urinary N is immediately available for 

leaching or volatilisation. As urinary N excretion is tightly linked to N intake in dairy cows 

(Kebreab et al., 2001), there are concerns over the high N intake associated with high CP 

content of lucerne and that it may lead to high urinary N excretion. However, there is little 
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data on the effect of an increased level of dietary N from a predominantly lucerne diet and 

how it may affect urinary N excretion in a grazed situation.  

The aim of this study was to compare milk production, milk composition and N partitioning 

of dairy cows fed pure lucerne (L), and perennial ryegrass/white clover pastures (G) or 

temporal system where lucerne was allocated in the morning and perennial ryegrass and white 

clover in the afternoon (GL). The trials were conducted in early spring, and mid lactation 

(November and January).  
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3.2 Material and Methods 

3.2.1 Experimental site 

Approximately 9 ha of pasture located at the Lincoln University Research Dairy Farm in 

Canterbury, New Zealand (43°38’S, 172°27’E) was used for three 17 d grazing trials (3 d 

acclimation period + 14 d experimental period).  

The experiment was located on a Paparua silt loam soil (Muleke et al., 2014) and contained 

two pasture treatments with four replicates. The entire area was sown into a mixture of 

tetraploid perennial ryegrass (cultivar Bealey) with NEA2 endophyte and white clover 

(cultivar, Kopu II) in spring in 2009. This was rotationally grazed with dairy cows until 

February 2012. The entire area was grazed as eight 1.5 ha paddocks during this period. In 

February 2012, 4 paddocks were randomly assigned to be sown with lucerne (cultivar Force 

Four). On 10 January 2012, the four plots assigned to lucerne were sprayed with glyphosphate 

(3 l/ha), ploughed and cultivated. Lucerne was sown using roller drill on 15 February 2012 

under centre pivot at 10 kg/ha. In April 2012, Haloxyfop-P (250mg/100 litres of water) was 

applied to control annual poa (Poa annua sp) and a month later 65 g/ha of Flumetsulam was 

applied to lucerne and perennial ryegrass paddocks for broadleaf weed control. The following 

early spring (20 August 2013) the lucerne paddocks including the experimental plots had 

Simazine (1.5 l/100 litres of water) applied to them to control spring broadleaf weed 

germination. 

3.2.2 Experimental design 

All procedures were approved by the Lincoln University Animal Ethics Committee, 

(application number 495). Three trials were conducted one in early and two in mid-lactation:  

1) Early lactation (18 September-4 October 2012),  

2) Mid-Nov lactation (21 November-8 of December 2012),  

3) Mid-Jan lactation (15-30 January 2013).  

In each trial, a total of 45 Friesian x Jersey crossbred multiparous cows were used in a 

randomized complete block design, with 3 treatments replicated 3 times and 5 cows in each 

treatment. Different cows were selected for each trial based on milksolid production (herd tested 

a week prior to blocking). Cows were blocked for milksoild production, age, liveweight and 

after being sampled for milk production and composition 1 week before the start of the trial and 

then re-blocked before each individual experiment (Table 3.1). Previous to the start of all three 
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trials, cows were all rotationally grazed together on a perennial ryegrass and white clover 

pasture with pasture silage as supplement. 

 A power analysis was used to calculate the appropriate number of cows in each treatment to 

get desired level of significance (P=0.05). A co-efficient variation of 8% was used (Woodward 

et al., 2009), a minimum true difference of interest for milksolids yield was 10% and desired 

power of experiment 90%. The required sample size was 15 cows per treatment. 

Table 3.1: The blocking parameters used for all three trials. Means and variance (± standard 

deviation) between the 45 animals 

 Early Mid-Nov Mid-Jan 

Age 5.0 ± 2.5 5.0 ± 2.5 5.1 ± 2.3 

Live weight (kg) 437 ± 42.7 455.9 ± 43.4 486.8 ± 39.1 

Milksolids (kg/day) 1.9 ± 0.1 1.9 ± 0.1 2.1 ± 0.1 

Experimental days (excluding transition) 14 13 13 

 

The cows were milked twice daily at approximately 0600 h and 1430 h. Permanent fences 

separated the paddocks, while electric fences were used to separate daily pasture allocations.  

The three pasture treatments were: 1) perennial ryegrass-white clover pasture (G) 2) lucerne 

offered in the morning an perennial ryegrass-white clover in the afternoon (GL) and 3) 

lucerne (L). 

Each lucerne and perennial ryegrass white clover paddock was cut using a disc mower to 3.5 

cm height, 21-28 days prior to the start of the trials depending on the respective growth rates. 

The pasture was then grazed by cows to remove herbage. This was done to achieve a standard 

post grazing residual height across all plots to encourage even re-growth and consistent pre-

grazing herbage mass between 2800-3000 kg DM/ha at the start of each trial. Within each 

paddock, mowing was staggered by cutting half of the herbage 7 days after the first half. This 

was done to create a feed wedge and to make sure herbage mass did not exceed 3000 kg 

DM/ha towards the end of trial. All perennial ryegrass, white clover paddocks were fertilised 

with 50 kg N/ha 7 days after being cut. Cows on G and L treatments were moved to a new 

break daily after the morning milking while cows in the GL treatment were moved onto the 

new pasture following the afternoon milking and lucerne following the morning milking. 

Allocations were measured using a rising plate meter as discussed in 3.2.3.  Paddock size for 
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the GL treatment was adjusted so that half their daily herbage allowance was available on 

each herbage. The herbage allowance rates of treamtments are described in 3.2.3. All plots 

were fully irrigated by centre pivot irrigation and plastic water troughs were moved daily into 

the grazed area to allow ad libitum access to water 

All animals were given a rumensin capsule (Elanco ™, Auckland, New Zealand) to prevent 

bloat and were gradually adapted to diets over four days. The rumensin capsules were given 

to the cows orally, by individually putting them in the cattle crush and using the rumensin 

capsule applicators which designed to facilitate the swallowing. The capsules last 100 days so 

all cows involved with any of the three trials received two capsules over the course of the 

season. Each capsule was labeled so that any cows which rejected them were able to 

identified and the capsule replaced.  

3.2.3 Pasture measurements 

Pre grazing samples were collected every second day and post-grazing samples were collected 

every 6 days throughout the trial in order to estimate the DM, botanical and chemical 

composition of the different treatments. The pre grazing samples which were cut to ground 

level using electric shears, weighed and then sorted into botanical components. The pre 

grazing samples were then oven dried at 65°C for 48 hours. A second subsample of 

approximately 100-200 g was taken from the each of the pasture samples and frozen at -20°C. 

This subsample was later freeze-dried and ground to 1 mm for analysis using near-infrared 

spectrophotometry and measured acid detergent fibre (ADF), soluble carbohydrate (CHO), 

dry matter digestibility (DMD), neutral detergent fibre (NDF), organic matter digestibility 

(OMD), protein, and dry matter and residual DM (Rdm) (Feed and Forage Analyser, FOSS 

Analytical, Hilleroed, Denmark). Metabolisable energy content (MJ ME/kg DM) of both 

grass and lucerne diets were calculated using the equation recommended by CSIRO (2007):  

ME = 0.138DOMD – 2.577 

Total N intake was calculated as the product of the N content (%) of the herbage average and 

daily apparent DM intake (kg DM/cow/day) of the three treatment groups. 

Nutrient selection was also calculated from the pre grazed herbage mass and post grazing 

herbage mass. The calculation used was 

Nsel = [(Mpre x Npre) – (Mpost x Npre)]/(Mpre – Mpost) 

where Mpre and Mpost are the mass of the pre- and post-grazed herbage and Npre and Npost are 

the concentration of the nutrient in the pre and post-grazed herbage, respectively (Dalley et 

al., 1999) 
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3.2.4 Herbage DM intake 

Herbage allowance of cows grazing L and GL treatments increased over 3-4 day transition 

periods so that at the start of the experimental period, all cows in the L or GL treatments could 

receive their full allocation of lucerne. All cows on G and L offered a herbage allowance 

above a post grazing herbage mass of 1500 kg DM/ha to achive an apparent intake of 17 kg 

DM/day. Cows in GL treatment were offered 8.5 kg DM/cow/day of lucerne post morning 

milking and perennial ryegrass post afternoon milking. In the last trial (Mid-Jan) there was no 

transition period as cows had already been grazing lucerne prior to experiment. 

A rising plate meter (Jenquip, Feilding, New Zealand) was used to estimate pre- and post- 

grazing mass and to set herbage allowances for each day for the perennial ryegrass white 

clover plots. For lucerne, pasture height was measured with a metre rule and calibrated 

against herbage mass. The plate meter and sward sticks were calibrated either during or prior 

to the start of each experiment by collecting 40 quadrats (each 0.2 m2; 20 pre-grazing and 20 

post-grazing quadrats) per pasture treatment after a height measurement was recorded at the 

site of the quadrat cut. Separate calibration curves for each lucerne and perennial ryegrass 

treatments were derived by fitting a regression line to all data points.  The equations are 

shown in Table 3.2.  

Table 3.2: The pre, post grazing and combined calibration equations for the three trials over 

the season. r2 represents the relationship to a fitted linear regression model 

        
Trial Treatment Equation r2 

Early 
Lucerne 86.5 x height + 215 0.98 

Ryegrass 125.6 x height – 7.2 0.78 

Mid- 

Nov 

Lucerne 61.4 x height (cm) + 878 0.82 

Ryegrass 136.8 x height (cm) – 86 0.96 

Mid-

Jan 

Lucerne 74.1 x height (cm) + 482 0.92 

Ryegrass 133.2 x height (cm) -34 0.95 

 

Mean group apparent dry matter intake DMI was determined as the difference between pre- 

and post- grazing herbage DM intake and the area grazed. The equation for this was 
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(m2 allocated/10,000 m2)*(pre grazed herbage mass-post grazing herbage mass) 

Number of cows 

 These were compared against the back calculated herbage DM intake, which were 

determined by dividing ME requirement (based on liveweight, milk production, protein and 

fat  percentage, stage of lactation and pregnancy), by the diet ME of the forage. Equations 

were sourced from (CSIRO, 2007) 

3.2.5 Milk measurements 

Milk yield was measured daily using an automated system (DeLaval Alpro Herd Management 

System, DeLaval, Tumba, Sweden). Two milk subsamples were collected for every cow after 

morning and afternoon milking on d 0 (baseline), 2, 4, 6, 8, 10, 12 in order to determine milk 

composition and milk urea nitrogen concentration (only collected on days 6 and 12). The 

subsamples which were used to determine milk urea N were centrifuged at 4,000 × g for 10 

min at room temperature and refrigerated for 10 min to allow the fat to solidify on the top and 

be removed. The skimmed milk was then pipetted into a clean microcentrifuge tube, chilled 

and transported to the laboratory for immediate analysis. Milk urea nitrogen was analysed 

commercially (Gribbles Veterinary, Christchurch, New Zealand) on an automated Modular P 

analyser (Roche Hitachi, Basel, Switzerland) by an enzymatic assay previously described 

(Talke & Schubert, 1965). Milk composition was analysed by Livestock Improvement 

Corporation Ltd laboratory (Christchurch, New Zealand) to determine milk fat, protein and 

lactose by MilkoscanTM (Foss Electric, Denmark 

Milk N output was calculated by dividing the milk protein content (%) by 6.38 to give N (%). 

This was then multiplied by the milk yield in kg/d to give the total N output in milk. 

3.2.6 Urine and faecal measurements 

Immediately after the morning and afternoon milking on d 6, and 12, cows were herded into 

the veterinary yards for further sample collection. Urine samples were taken mid-stream after 

manual stimulation of the vulva; then acidified below a pH of 4.0 using concentrated 

sulphuric acid to prevent volatilization, and then frozen at -20°C until analysis. Faeces 

samples were collected by rectal stimulation or as the animal defecated and frozen at -20°C 

until analysis. 

Analysis of urine and faeces are performed by Lincoln University Analytical Services 

(Lincoln University, Christchurch, New Zealand). Urine samples were analysed for % N, and 

creatinine, ammonia and urea concentration. Urine and faecal N%, as well as urine ammonia 



 46 

and urine urea, were determined using an N-analyser (Vario MAX CN, Elementar 

Analysensysteme, Hanau, Germany). Creatinine concentration of urine was determined by the 

Jaffé method (Cobas Mira Plus Analyzer, Roche Hitachi, Basel, Switzerland).  Faecal samples 

were thawed and subsampled, with one subsample being weighed and then dried in an oven at 

65°C for 48 h and reweighed to ascertain dry matter. The other sample was freeze dried, 

ground to 1 mm, and analysed for % N. Urinary N excretion (g/d) was estimated using the 

equation urinary g N/d = 21.9 (mg/kg) x BW (kg) x [1/urinary creatinine (mg/kg)] x urine N 

(g/kg), as described by Pacheco et al., (2009).  

Subsamples of urine collected after morning and afternoon milking from individual animals 

on d 12 were also analysed for the concentration of purine derivatives using HPLC (Agilent 

1100 series, Agilent Technologies, Waldbronn, Germany) as previously described by 

Czauderna and Kowalczyk (2000) with modifications by George et al., (2006) 

3.2.7 Estimation of microbial N supply 

Microbial N supply was estimated based on the urinary excretion of purine derivatives (PD). 

The purine derivative index (PD index) was calculated based on total purine derivatives 

(TPD; allantoin (mmol/L) + uric acid (mmol/L)) as: 

PD index = ((TPD (mmol/L))/Creatinine (mmol/L)) x BW0.75 

The excretion of creatinine (mmol/kg BW0.75), was extrapolated using the estimated daily 

urinary volume (L) calculated from the equation by Pacheco et al., (2009). The estimated 

urinary creatinine excretion (0.9 mmol/kg BW0.75) agreed with previous literature, and was 

included in the following equation to estimate the daily excretion of PD (mmol/kg BW0.75): 

Daily excretion of PD (dPD; mmol/kg BW0.75) = PDC index x 0.9 

From this, the amount of purines absorbed daily was estimated: 

Daily absorbed purines (daP) = (daP (mmol/kg BW0.75) – 0.385 x BW0.75) + 0.85; 

And finally, microbial N (g N/d) supply was determined using the following equation: 

Microbial N (g N/d) = (daP x 70) / (0.116 x 0.83 x 1000) 

Equations used in the calculation of estimated microbial N supply have been further described 

previously (Chen, 1989; Verbic et al., 1990; Chen et al., 1995; Joint FAO/IAEA division 
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3.2.8 Statistical analysis and calculations 

Treatment means were analysed for variance within each of the experimental periods, with 

individual paddocks and cow groups used as replicates (three treatments x three replicates). 

All milk, urine, faeces, forage and DMI and N intake data was analysed for variance using 

Genstat Version 12.2 VSN International (Payne et al., 2009). The treatment means for milk 

(l/cow/day) production was made up of individual cow data collected twice daily from 

milking records over the 17 days. Treatment means for milksolid (kg/cow/day) production 

were from individual cow milk composition, tested 6 times (every second day, morning and 

afternoon milking) over the experimental period. Individual cow urine, faeces and milk urea 

was collected from animal samples on d 6 and 12 and milk fat, protein and total MS was 

averaged from collections on alternate days.  Statistical analysis of PD and associated 

calculations was based on the mean of values determined for urine samples collected post 

morning and afternoon milking on d 12. Results were declared to be significant at P < 0.05. 

Treatment means for pasture chemical and botanical composition, estimated group DMI and 

N intake were averaged across replicates. Least significant differences were used to separate 

means in their statistical difference.   

  



 48 

3.3 Results 

3.3.1 Herbage 

Table 3.3 shows herbage mass and chemical composition in the three trials. Pre-grazing 

herbage mass of the lucerne was greater (P<0.05) than perennial ryegrass in all three 

experimental periods, averaging 4,014 compared to 2,834 kg DM/ha. The highest pre-grazing 

mass for the lucerne was in Mid-Jan (4345 kg DM/ha) and for grass was in Mid-Nov (3426 kg 

DM/ha). For lucerne the mid-Nov experiment also had the highest NDF% (47.39), DM% 

(23.23) and lowest diet ME value (11.82). Lucerne had significantly lower NDF% in Early 

and Mid-Nov lactation (P<0.05) than perennial ryegrass. Lucerne had higher CP % than 

ryegrass averaging 19% compared to 16.8 % across all three experimental periods. Perennial 

ryegrass had the largest decrease in CP% from 18.4% in early lactation to 13.55 % in Mid-

Nov lactation. 

There was a significant difference in pre-grazing ME between forages in all three experiments 

(P<0.001). Lucerne had lower ME than perennial ryegrass, with lowest ME in Mid-Jan for 

both species (average 9.4 ME MJ/kg DM for lucerne and 11.8 for ryegrass/white clover). 

However, there was no difference in diet ME between perennial ryegrass and lucerne 

treatments (Table 3.5). Similar to pre grazing ME, diet ME in all treatments declined from 

early to mid-Jan lactation. Lucerne declined from 12.5 to 11.6 MJ ME/kg DM, and ryegrass 

pastures from 13.2 to 11.7 MJ ME/kg DM. The post-grazing mass of lucerne was 

significantly higher in all treatments (P<0.01).  
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Table 3.3: Pre and post grazing herbage mass of of the lucerne (L), ryegrass/white clover (G) 

and lucerne (L2) and ryegrass/white clover (G2) used in a temporal sequence over three 

experimental periods (Early, Mid-Nov and Mid-Jan). Means within a row that have different 

superscripts are significantly different according to LSD (P<0.05). 

  Treatment1 

LSD 
p-

value  L G G2 L2 

Pre-grazing herbage 
mass (kg DM/ha) 

Early  3462b 2341a 2341a 3406b 339.9 <0.001 
 

 Mid-
Nov  

4236b 3426a 3328a 4502b 392.1 <0.001 

 Mid-
Jan 

4345b 2737a 2687a 4293b 1306 0.028 

Post-grazing herbage 
mass (kg DM/ha) 

Early  1309b 979a 954a 1361c 27.0 <0.001 

 Mid-
Nov  

2075b 1309a 1303a 2497c 177.9 <0.001 

 Mid-
Jan 

2302b 1192a 1400a 23833 327.9 <0.001 
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Table 3.4: Chemical composition of the lucerne (L), ryegrass/white clover (G) and a temporal 

sequence of perennial ryegrass and lucerne (GL) over three experimental periods (Early, Mid-

Nov and Mid-Jan). Means within a row that have different superscripts are significantly 

different according to LSD (P<0.05). 

 
  Treatment1  p-value 
  L G GL LSD 
DM (%) Early  17.2 16.2 17.71 1.4 0.093 
 Mid-

Nov  
19.3 17.9 18.23 3.6 0.588 

 Mid-
Jan 

23.2b 18.4a 20.4b 1.8 0.005 

ADF (% of DM) Early  29.4c 21.3a 25.1b 2.5 0.002 
 Mid-

Nov  
31.8c 24.7a 27.6b 0.5 <.001 

 Mid-
Jan 

35.8c 25.9a 30.5b 2.9 0.002 

NDF (% of DM) Early  24.8a 38.1c 31.3b 0.7 <.001 
 Mid-

Nov  
41.3a 44.8c 42.7b 1.3 0.004 

 Mid-
Jan 

47.4 46.2 46.6 3.6 0.668 

CP (% of DM) Early  20.5c 18.4bc 17.8ab 2.1 0.049 
 Mid-

Nov  
19.6c 13.5a 16.3b 1.7 0.002 

 Mid-
Jan 

19.7b 16.9a 17.0a 1.2 0.004 

CHO (% of DM) Early  16.66a 25.2c 24.3c 4.3 0.009 
 Mid-

Nov  
11.7a 30.3d 22.2c 1.4 <0.001 

 Mid-
Jan 

9.5a 19.0c 14.2b 1.5 <0.001 

Pre grazing ME  Early  11.9a 13.1c 12.8c 0.3 0.001 
(MJ/kg DM) Mid-

Nov  
10.3a 12.3c 11.5b 0.2 <0.001 

 Mid-
Jan 

9.4a 11.9c 10.3b 0.6 <0.001 

Means within a row followed by the same letter are not significantly different according to the 
LSD test (P=0.05) following ANOVA analysis. 
1Treatment: G2= grass pasture within GL treatment; L2= lucerne pasture within GL;  
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Table 3.5: Diet ME of cows offered lucerne (L), ryegrass/white clover (G) and a temporal 

sequence of perennial ryegrass and lucerne (GL) over three experimental periods (Early, Mid-

Nov and Mid-Jan). Means within a row that have different superscripts are significantly 

different according to LSD test (P<0.05) following significant ANOVA. 

  L G GL LSD p- 
Value 

Diet ME(MJ/kg DM) Early 12.4 13.1 12.9 0.94 0.297 
 Mid-Nov 12.3 12.3 12.6 0.54 0.535 
 Mid-Jan 11.8 11.6 11.7 0.58 0.599 

 

3.3.2 Botanical composition 

In the early lactation G pastures had a greater proportion of white clover (1.8% and 1.4%) and 

dead material (2.9%) than L. However, L had significantly greater weed than G (Table 3.6). 

In Mid-Nov lactation there was no significant difference in botanical composition between 

treatments. Dead material and white clover were greater in ryegrass in the Mid-Jan than 

lucerne (Table 3.6). The percentage of weed in ryegrass also was significantly different to 

lucerne (Table 3.6) in Mid-Jan. In the Mid-Jan 51% of ryegrass plants collected were 

reproductive.  

Table 3.6: Botanical composition of lucerne (L), ryegrass/white clover (G) and lucerne (L2) 

and ryegrass/white clover (G2) a part of GL treatment, over three experimental periods (Early, 

Mid-Nov and Mid-Jan). Means within a row that have different superscripts are significantly 

different according to LSD (P<0.05). 

  Treatment1 

LSD p-Value  L G G2 L2 

Treatment Species % Early  88.0 93.6 93.6 87.6 7.5 0.18 
 Mid-Nov  85.1 84.2 86.7 85.0 8.6 0.92 
 Mid-Jan 95.0b 86.8a 86.2a 94.2b 4.3 <0.05 
White Clover % Early  0.7ab 1.8b 1.5b 0.0a 1.3 <0.05 
 Mid-Nov  3.1 2.3 5.4 4.9 3.4 0.21 
 Mid-Jan 0.8a 7.3b 10.4b 1.6a 3.6 <0.001 
Dead Material % Early  0.1a 2.9b 2.1b 0.2a 0.9 <0.001 
 Mid-Nov  2.7 2.9 3.7 3.6 2.9 0.83 
 Mid-Jan 2.7a 5.0b 5.9b 1.9a 1.2 <0.001 
Weed % Early  11.2b 1.6a 3.2a 12.2b 7.1 <0.05 
 Mid-Nov  7.7 10.4 3.8 6.1 9.7 0.49 
 Mid-Jan 1.1a 6.2bc 7.6b 2.1b 4.3 <0.05 
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3.3.3 Intake 

Apparent group DM intake calculated from the difference between pre and post grazing was 

higher in lucerne and GL (2.56 and 1.79 kg DM/d than G in early lactation (Table 3.7). Group 

DM intake was not significantly different among pasture treatments at any other time period 

(Table 3.7). 

Table 3.7: Apparent DM intake and back calculated DM intake of dairy cows offered lucerne 

(L), ryegrass/white clover (G) and a temporal sequence of perennial ryegrass and lucerne 

(GL) over three experimental periods (Early, Mid-Nov and Mid-Jan). Means within a row that 

have different superscripts are significantly different according to LSD (P<0.05). 

  Treatment   
  L G GL LSD p-Value 
Pre-post DM intakes Early  17.3b 14.8a 16.5b 0.8 <0.05 
kg DM/cow/day Mid-

Nov  
15.8 15.8 15.7 1.1 0.974 

 Mid-
Jan 

15.8 14.6 15.8 1.4 0.133 

Back calculated DM intake Early  16.9 15.8 16.6 1.5 0.248 
kg DM/cow/day Mid-

Nov  
16.4 15.4 15.4 3.4 0.682 

 Mid-
Jan 

15.0 15.2 15.1 1.7 0.948 

3.3.4 Milk production and composition 

There was no treatment effect on milk production (L/cow/day) or milksolids (kg/cow/day) in 

the early and Mid-Jan lactation experiments (Table 3.8). However, in Mid-Nov trial there was 

a significant difference in average milk yield (L/cow/day) with higher milk yield in L and GL 

than G (Table 3.8).  

The L and GL treatments had higher milk lactose percentage (P=0.022) in early lactation 

(Table 3.8). Also in this experiment the, average milk protein percentage and protein 

yield/day was greater over for the L and GL treatments than G. The only difference in protein 

percentage was Mid-Nov trial with G having a 0.2% and 0.35% greater protein percentage 

than GL and L, respectively. This increase in protein percentage offset the increase in milk 

yield from the L so that average milksolid production in the Mid-Nov was similar across 

treatments. Milk fat percentage was unaffected in pasture treatments over all three trials 

(Table 3.8). 
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Liveweight change was greatest in the G in Mid-Jan with cows putting on 0.85 kg/day/cow 

(Table 3.8). Cows on lucerne lost weight (-0.04 kg/cow/day) while cows in GL gained 0.29 

kg/cow/day. 

Table 3.8: Milk production and composition dairy cows offered lucerne (L), ryegrass/white 

clover (G) and a temporal sequence of perennial ryegrass and lucerne (GL) over three 

experimental periods (Early, Mid-Nov and Mid-Jan). Means within a row that have different 

superscripts are significantly different according to LSD (P<0.05). 

  Treatment   
  L G GL LSD p-Value 
Milk yield (L/d) Early  25.3 26.4 26.4 2.90 0.69 
 Mid-Nov  22.9b 20.2a 22.7b 2.30 0.04 
 Mid-Jan 18.7 19.8 18.5 2.10 0.38 
Milk fat (%) Early  5.5 5.10 5.33 0.44 0.19 
 Mid-Nov  5.1 5.28 5.04 0.39 0.46 
 Mid-Jan 5.33 5.32 5.66 0.48 0.28 
Milk protein (%) Early  3.64 3.79 3.68 0.18 0.21 
 Mid-Nov  3.67a 4.03c 3.80b 0.16 <0.001 
 Mid-Jan 3.77 3.84 3.97 0.20 0.14 
Milk lactose (%) Early  5.13 4.93 5.12 0.15 0.02 
 Mid-Nov  5.15 5.14 5.17 0.07 0.60 
 Mid-Jan 5.06 4.98 5.00 0.14 0.93 
Milksolids  Early  2.25 2.32 2.37 0.23 0.59 
(kg/cow/d) Mid-Nov  1.93 1.80 1.96 0.16 0.16 
 Mid-Jan 1.61 1.69 1.73 0.14 0.22 
Fat  Early  1.31 1.31 1.37 0.16 0.68 
(kg/cow/d) Mid-Nov  1.10 1.02 1.10 0.10 0.15 
 Mid-Jan 0.92 0.95 0.99 0.09 0.26 
Protein  Early  0.94 1.02 0.99 0.09 0.21 
(kg/cow/d) Mid-Nov  0.83 0.80 0.86 0.07 0.21 
 Mid-Jan 0.69 0.74 0.73 0.06 0.25 
Lactose  Early  1.32 1.33 1.39 0.16 0.62 
(kg/cow/d) Mid-Nov  1.17 1.03 1.17 0.12 0.04 
 Mid-Jan 1.07 1.12 1.07 0.15 0.68 
Liveweight change  Early  0.40 0.20 0.40 0.40 0.46 
kg/cow/day Mid-Nov  0.20 0.60 0.40 0.60 0.27 
 Mid-Jan -0.04 0.80 0.30 0.50 <0.05 
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Figure 3.1: Milk production (l/day) of dairy cows offered lucerne, ryegrass/white clover (G) 

and a temporal sequence of lucerne and ryegrass-white clover (GL) over early A) and Mid-

Nov B) experimental periods. T1-T3 = Transition days, 1-14 = experimental days. Error bars 

are the LSD for treatments over time for the experimental period 

 

The effect of pasture type of milk yield (l/cow/day) throughout transition is shown in Figure 

3.1. In the early lactation experiment, milk production increased from the start of the 

transition phase to the beginning of the experimental phase P>0.001. This effect was greatest 

in the GL treatment (22.4 to 25.9 l/cow/day) however milk yield increased in all treatments. 

In Mid-Nov, there was also a difference in milk production (P>0.01) from the start of the 
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transition phase to beginning of experimental phase. This was not significant between pasture 

treatments however. There was no transition phase for Mid-Jan as cows had already been 

grazing lucerne and perennial ryegrass prior to the experiment.  

3.3.5 Nitrogen partitioning 

In early lactation, apparent N intake was greater in L than G and GL (Table 3.9).  Urine urea, 

N percentage and urine N output was greater (P<0.05) in L and GL than G (Table 3.9). The G 

treatment had the highest faecal N% followed by GL and L. Milk urea was higher in L (7.34 

mmol/L) than G (4.61 mmol/L) and GL (5.16 mmol/L). There was no effect on treatment in 

the total N excretion in the milk (Table 3.9). 

In Mid-Nov, apparent N intake was also greater in L than G and GL (Table 3.9).  As was 

urine urea, N percentage and urine N output (P<0.05) in L and GL than G (Table 3.9). 

Urinary N output was 179% and 67% higher in L than G and GL respectively. The N 

concentration of faeces was lower in L than GL and G (Table 3.9). In Mid-Jan lactation 

experiment dietary N intake (g/day) was again higher in the L (457.8 g/day) than G and GL. 

Urine urea, N percentage and urine N output (P<0.05) was greater in L and GL than G (Table 

3.9) The concentration of N in Faeces was lower in L than GL and G. Milk urea concentration 

was higher in L than GL and G (Table 3.9). 

Microbial N supply was unaffected by pasture treatment in early and Mid-Nov lactation 

(Table 3.9). In Mid-Jan, microbial N supply was higher in L than G or GL (Table 3.9). 
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Table 3.9: The effect of pasture treatment on nitrogen partitioning of dairy cows of lucerne 

(L), ryegrass/white clover (G) and a temporal sequence of perennial ryegrass and lucerne 

(GL) over three experimental periods (Early, Mid-Nov and Mid-Jan). Means within a row that 

have different superscripts are significantly different according to LSD (P<0.05). 

  Treatment  

  L G GL1 LSD2 p-Value 
N3 Dietary Intake (g/d) Early  557.0b 428.0a 459.0a 73.9 <0.05 
 Mid-Nov  455.1c 314.4a 378.3b 58.2 <0.05 
 Mid-Jan 457.8b 392.4a 395.4a 34.3 <0.05 
Urine       
N (%) Early  0.48b 0.38a 0.44a 0.07 <0.05 

 Mid-Nov  0.55b 0.31a 0.49b 0.06 <0.001 
 Mid-Jan 0.47b 0.38a 0.51b 0.07 <.001 

NH3 (mmol/L) Early  1.03 1.00 0.88 0.37 0.75 
 Mid-Nov  0.65a 1.61b 1.67b 0.59 <0.05 
 Mid-Jan 1.11 1.70 1.82 0.74 0.13 

Urea (mmol/L) Early  130.9b 93.0a 112.7ab 21.3 0.005 
 Mid-Nov  159.3c 56.8a 120.7b 19.3 <0.001 
 Mid-Jan 141.4b 93.8a 137.1b 20.8 <0.001 

N output (g/d) Early  359.0b 263.0a 268.0a 51.7 <0.001 
 Mid-Nov  408.8c 146.0a 234.9b 38.8 <0.001 
 Mid-Jan 404.4c 254.5a 312.1b 40.9 <0.001 

Faeces       
 N (%) Early  3.34a 4.09c 3.75b 0.15 <0.001 
 Mid-Nov  3.24a 3.55b 3.45b 0.12 <0.001 
 Mid-Jan 2.18a 3.35c 3.09b 0.14 <0.001 
Ash (%) Early  20.6 22.4 20.4 0.9 <0.001 
 Mid-Nov  19.2b 17.5a 17.1a 0.8 <0.001 
 Mid-Jan 16.9a 20.7c 19.4b 0.9 <0.001 
Dry matter (%) Early  12.75b 10.39a 11.10a 1.16 <0.001 
 Mid-Nov  11.05b 9.88b 6.97a 1.20 <0.001 
 Mid-Jan 12.21c 8.58a 10.18b 0.80 <0.001 
Milk       
Urea (mmol/L) Early  7.34b 4.61a 5.16a 0.90 <0.001 
 Mid-Nov  7.18c 2.33a 4.37b 0.38 <0.001 
 Mid-Jan 7.64c 3.78a 5.53b 0.37 <0.001 
N milk output (g/d) Early  143.7 155.7 151.8 13.9 0.221 

 Mid-Nov  131.0 127.0 134.8 10.2 0.311 
 Mid-Jan 95.6 103.6 100.0 7.8 0.16 

N Efficiency  Early  25.9a 36.9b 33.1b 6.0 <0.05 
(g Milk N/100 g N intake) Mid-Nov  28.9a 40.4b 35.8c 3.0 <0.05 

 Mid-Jan 21.2a 26.7b 25.8b 2.1 <0.05 
Microbial N gN/day Early  372 353 333 70 0.53 

 Mid-Nov  333 313 347 50 0.41 
 Mid-Jan 338b 251a 281a 50 0.004 
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3.4 Discussion  

3.4.1 Forage and diet quality  

Pre grazing ME was lower in lucerne than perennial ryegrass. This is the similar to results 

found in Woodward et al., (2010). However, although there were significantly lower ME 

values for the lucerne, there was little difference in the calculated diet ME intake between 

treatments (Table 3.5). This most probably reflects the greater nutrient selection of the cows 

grazing the lucerne. As shown in Brown et al., (2004) despite the unpalatable section of the 

lucerne plant being low in quality (7.8 MJ/kg DM) the overall quality of the palatable section 

remained similar (11.5 MJ/kg DM) at low and high herbage mass. They concluded the ME 

content of herbage consumed would not decrease as long as the stock are removed before they 

have to consume the unpalatable section of the plant. Despite diet ME values being similar, 

both diet and pre grazed CP concentrations were higher in the lucerne. This would reflect the 

higher CP% of the above ground herbage as well as the removal of high CP% lucerne leaf 

(Table 3.3). 

For both lucerne and perennial ryegrass, the pre grazing and diet ME reduced from the first 

trial in early spring to the third trial in summer (Table 3.3). This was a larger difference in 

lucerne. As lucerne pre-grazing herbage mass increased from 3,462 to 4345 kg DM/ha from 

early spring to mid-summer it is most likely that the proportion of low quality stem also 

increased. Brown and Moot (2004) showed that as herbage mass increased from 700 to 4300 

kg DM/ha pre-grazed herbage quality declined which resulted in a decreased utilisation from 

100% to 57%. Because samples were collected below grazing height, the increase in low 

quality stem later in the season diluted the overall pre grazing quality. However, as the cow’s 

preferential selected parts of the lucerne plant above this lignified stem the quality of the diet 

was a lot higher, although still decreased from early to late lactation. Brown and Moot (2004) 

demonstrated the sheep in their trial ingested 80% total plant protein although only eating 

57% of the plant (palatable section). In the Mid-Jan lactation, trial 51% of the lucerne plants 

were under reproductive development which further increased the lignification and quality of 

the stem, reducing the overall diet ME of the cows compared to the previous two trials. 

In reflection it was not known what effect allocating a fresh break of perennial ryegrass in the 

afternoon had on quality composition for GL, as samples were collected in the morning. 

Perhaps a better design would have been to offer fresh allocations of perennial ryegrass and 

lucerne twice daily for all treatments, however as Dalley (2001) has shown there is no benefit 

of increasing feeding frequency on milk production, and herbage allowance is the more 

important factor. 
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3.4.2 DM Intakes 

The effect of forage treatment on apparent DM intake was negligible in Mid-Nov and Mid-

Jan experiments. Mean group apparent DM intake calculated as the difference between pre 

and post grazing herbage mass was not significantly different among treatments. Furthermore, 

individual cow DM intake back-calculated from milk production was unaffected by treatment. 

The exact reason for the higher DM intake in early lactation is unclear; however, it may be 

related to incorrect allocation of forage. In the first trial the allocation of area was based on 

the standard spring calibration equations for perennial ryegrass (from Jenquip) and lucerne 

(Mills et al., 2008). When the actual intakes and herbage allowances were calculated using 

calibration cuts from the trial it showed an over allocation of lucerne (17.5 kg DM/cow/day) 

and under allocation in grass (15.5 kg DM/cow/day) relative to that planned (17 kg 

DM/ha/day). The lack of a strong effect of treatment on DM intake in the Mid-Nov and Mid-

Jan lactation probably reflects that in general all forages were of high quality (> 11.8 diet 

ME), and that allocation was similar across forage treatments. Previous studies have noted a 

strong effect of allocation on herbage DM intake (Dalley et al., 1999).   

Apparent DM intake altered little across the three trials in perennial ryegrass, ranging from 

14.8 kg DM/cow/day in the early lactation experiment to 14.7 kg DM/cow/day the Mid-Jan 

experiment (Table 3.7). This was despite changes in forage composition between trials. For 

example, ME declined from 13.1 to 11.6 from early to Mid-Jan trial and NDF% increased 

from 38.1% to 46.2% over the same time period. Past studies have noted changes in herbage 

DM intake throughout the lactation, in reflection to changing pasture composition and cow 

demand. In the current study, although DM intake changed little among trials, production did 

decline (from 2.2 MS/cow /day to 1.6 MS/cow/day in lucerne and 2.3 MS/cow/day to 1.7 

MS/cow/day in ryegrass from early to Mid-Jan). Presumably, this reflected declining pasture 

quality (ME) from the early to Mid-Jan trials, so leading to reduced overall ME intake. For 

example, ME intake decreased from 194.3 MJ ME/cow/day to 170.5 MJ ME/cow/day in G 

and 216.1 MJ ME/cow/day to 186.4 MJ ME/cow/day in L from early to Mid-Jan lactation 

3.4.3 Milk production  

Transition 

A feature of the results was that there was no decrease in milk production evident in L and GL 

during the transition period from perennial ryegrass to lucerne (Figure 3.1). This contrasts 

with the study of  Woodward et al., (2010) where milk production declined for the first 4 days 

on transition from perennial ryegrass to lucerne before increasing to be greater than perennial 
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ryegrass 3 days after the transition. In Woodward et al., (2010) this did not reflect the 

reduction in DM intake as cows fed lucerne ate more during this period than cows fed 

perennial ryegrass. In early lactation in the current study there was actually an increase in 

milk production from the first to the fourth day (22.8 to 24.7 l/cow/day) in L. In the Mid-Nov 

there was also a significant difference over the transition period (P<0.05) (Figure 3.1). The 

lack of an effect on milk production may reflect that cows were adapted to lucerne over the 

transition periods in the individual experiments. This was done by increasing the herbage 

allowance of lucerne by 4 kg/cow/day until the full allocation (17 kg DM/cow/day) on the 

first day of the experimental phase. In the Mid-Jan trial the transistion period was not used 

because all cows had been grazing lucerne and perennial ryegrass prior to the start of the trial. 

This transition period used in early and Mid-Nov experiments was not used in Woodward 

etal., (2010) as the cows went onto a full allocation of lucerne. The influence of grazing on 

diet selection may have resulted in different nutritional and structural components eaten 

compared to when cut and carried as in Woodward, et al., (2010). This may have resulted in a 

less dramatic change in the microbial dynamics in the rumen compared to the previous study. 

Effect of L 

A feature of the results was the lack of an effect of pasture treatment on milk production. 

Milksolid production was unaffected by pasture treatment in all three trials. Although, milk 

yield was higher in L than G during Mid-Nov lactation, this was offset by higher milk protein 

percentage in than GL and G so that total milksolids was similar across treatments. The non-

significant difference in milk production between G and L is consistent with the study of 

Bryant (1978) conducted with grazed lucerne and pasture in Waikato (in mid and late 

lactation there was no significant difference). It contrasts, however, with the results of Bryant 

(1978) early lactation results in which pasture produced 1.65 litres of milk/cow/day more than 

lucerne and also the indoor feeding trial conducted by Woodward et al., (2010), where 

following in the initial 4 day transition period, milksolid production was greater in lucerne 

than perennial ryegrass. This was attributed to both greater DM intake and feed conversion 

efficiency in lucerne than perennial ryegrass. In the current study, pasture treatments were 

offered at the same herbage allowance and estimated DM intake and diet ME were similar. 

Thus, the slight response in L compared to G in terms of milksolids production could be 

expected because only small differences in apparent ME intake were observed. It is not clear 

why the feed conversion efficiency effect (as reported by Woodward et al., (2010)) was not 

observed in this study, although it may be related to changes in chemical composition of the 

herbage associated with cutting forage and offering indoors compared to grazing in situ.  
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Milk composition 

There was a relatively small effect of feeding grass versus lucerne on milk composition.   

Milk fat concentration was unaffected by forage treatment in any of the trials, while protein 

concentration was higher in G than L and lactose concentration lower in L than G in mid 

lactation only.  Woodward et al., (2010) recorded a higher milk protein concentration and 

lower milk fat concentration in L than G.  Given the higher CP content on the lucerne than 

grass, it is surprising that milk protein was not higher in L than G. However, this may reflect 

that due to diet selection the CP content of the diet in both G and L was high, and in excess of 

requirements for milk production 

Effect of GL 

Previous studies have indicated that offering cows pure swards of ryegrass and legumes 

(white clover), as spatially separated swards in same paddock, or at different times of day may 

lead to greater milk production than when respective forages are offered as a fine mixture 

(Cosgrove et al., 2006). However, in the current study where lucerne was offered in the 

morning and grass in the evening (GL), milk production was generally similar to the L and G. 

Previous studies have attributed the effect on milk production to a combination of an increase 

in DM intake and improvement in diet quality, particularly where the proportion of legume 

content in the binary mixed pasture is low (Cosgrove et al., 2007). Although in the current 

study, the proportion of legume (white clover) in the grass was low (Table 3.6), the quality of 

all forages offered was high (>11.5 ME in above herbage consumed Table 3.5), and DM 

intake and diet quality were similar among GL, G and L. Thus the slight response to GL could 

be expected because a small difference observed in ME intake.  The pasture allocation in each 

trial restricted DM intake and prevented higher intakes from occurring in GL treatment.  

3.4.4 Nitrogen losses 

A feature of the results was the consistently higher urine N concentration and estimated 

urinary N excretion in L and GL than G. This is most likely attributed to greater N intake in L 

and GL than G; N intakes were 129 g N/cow/d and 31 g N/cow/d higher in L and GL than in 

G. Kebreab et al., (2001) has reported a strong relationship between N intake and urinary N 

output. The relative ranking of N intake whereby L > GL > G is reflected in a similar relative 

ranking for urinary N output. The amount of N retained in lactating dairy cows is small 

relative to N intake, and the majority of absorbed N is partitioned between milk and urine. 

Milk urea concentrations reflect the estimates of urinary N excretion (Pacheco et al., 2009) 
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and is highly correlated with excess protein supply and more importantly the protein:soluble 

carbohydrate supply (Muller 1993).  

The effect of N intake on N concentration in the urine followed a predictable pattern for the 

early experiment. The non-significant result of N intake was reflected in a negligible 

difference in N concentration in urine between G and GL treatments. However in Mid- Nov 

and Mid-Jan experiments, there are large differences in the N concentration between GL and 

G despite proportionately less difference in their N intake. N concentration for GL was closer 

to L treatment while N intake was closer to G. Timing of the samples may have contributed to 

this as Kolver (2003) has shown the ammonia concentration in the rumen spikes 2-4 hours of 

feeding so the weighted importance of the afternoon urine sampling (after morning allocation 

of lucerne to L and GL treatments) may have resulted in higher N concentrations for GL 

relative to its actual N intake. The afternoon allocation for GL may have contributed less 

given the urine samples were not take until the morning. 

The urinary N loss study has important implications for estimates of nitrate leaching for dairy 

systems. Using urine N concentration data of 0.50%, 0.36%, and 0.48 % N for L, G and GL, 

respectively, it is possible to estimate potential N loads in urine patches, a key determinant of 

nitrate leaching.  Based on a rate of application of urine of 10 litres per m2 (Hogg 1981), the 

range of N concentrations measured here would correspond to the equivalent of 500, 360, to 

and 480 kg N/ha deposited in the urine patch for L, G and GL respectively. As urine patch 

load is key determinant of nitrate leaching (Ledgard et al., 2000) it would seem that feeding 

lucerne to dairy cows potentially would lead to greater nitrate leaching than perennial 

ryegrass. This may be exacerbated by the low cool season growth of lucerne compared to 

perennial ryegrass which restricts uptake of nitrate in soil. Woods et al.,(2016) showed N 

losses in excess  of 150 kg N/ha when rates of 700 kg N/ha of urine was applied to similar soil 

types at Lincoln University New Zealand in May. Whether these effects could be offset by the 

deeper rooting system of lucerne, it would need to be tested in lysimeter type studies.  

The efficiency of which feed N is converted to milk is typically low in dairy cows, averaging 

about 25%, but can range from 15 to 40% (Calsamiglia et al., 2010). The observed N 

efficiencies for cows in this study ranged form 40.4% to 21 %, being highest in G. The lowest 

values in each experiment where in L and may reflect that overall N intake is higher and in 

excess of production requirements. This is backed up by the similar amounts of MP estimated 

in each treatment (Table 3.9). The non signifincant effect of pasture treatment and N intake on 
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MP despite higher N intake could reflect the limitation of the lucerne pastures to supply 

enough energy to convert this extra diet protein into MP, resulting in the lower N efficiency. 
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    Chapter 4 
The effect of herbage allowance on milk production and 

composition of early lactation dairy cows grazing 
lucerne and perennial ryegrass-white clover pastures 

4.1 Introduction 

New Zealand’s competitive advantage in dairy cow milk production comes from the low cost 

system associated with utilising pastures grown on farm. The potential of New Zealand 

grazing systems is dependent on DM yield, nutritive charateristics, and utilisation of pasture 

(Kemp et al., 1999b). Ulyatt and Waghorn (1993) and Muller (1993) have emphasised that the 

limitations to cow production in pasture based dairy systems often arises from a low voluntary 

DM intake of herbage and nutrient levels that differ from those required by the lactating 

animal. Based on past research (Woodward et al., 2010) there is potential that dairy cow DMI 

and milk production could be when dairy cows are offered lucerne compared to perennial 

ryegrass at greater herbage allowances. However there has been no research in a grazing 

situation to compare lucerne and perennial ryegrass to test the hypothesis. 

There has been extensive research on the effect of herbage allowance on DM intake and milk 

production on perennial ryegrass pastures. Dalley et al., (1999) demonstrated as herbage 

allowance per cow increased from 20-70 kg DM/cow/day, DM intake increased curvilinearly 

from 11.2 to 18.7 kg DM/cow/day. This was associated with a decrease in DM utilisation of 

pre-grazing herbage from 54% to 26% and an increase in milk production from 25.9 to 29.1 

litres/cow/day. Wales et al., (1998) found that herbage DM intake and utilisation followed a 

similar pattern when herbage allowance increased from 20 to 70 kg DM/cow/day. They 

showed that CP as a percentage composition in their diet increased from 21 to 41% as herbage 

allowance increased from 20 to 70 kg DM/cow/day.  Wales et al., 1998 also showed the 

selection differential, defined as the difference between diet selected and diet offered did not 

change for in vitro dry matter digestibility because the digestibility did not differ between 

grazing horizons of the pastures. Milk production also increased from 9 to 15.5 kg/day as 

herbage allowance increased at a marginal response of 0.99 kg milk/kg extra DM consumed. 

Ulyatt and Waghorn (1993) and Muller (1993) have emphasised that the limitations to cow 

productivity in pasture-based dairy systems often arise from a low voluntary intake of herbage 

and nutrient levels. 
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The only work examining the effect of different herbage allowances in lucerne was carried 

out by Bryant (1978) when dairy cows were offered 18 to 42 kg DM/cow/day. DM utilisation 

increased as herbage allowance decreased, however yields of fat, protein and lactose 

decreased (ranging from 7-10% difference from high to low herbage allowances). However 

more importantly Bryant (1978) found that DM utilisation was 5-15% higher in lucerne in 

grazed trial compared to perennial ryegrass DM utilisation. Woodward et al., (2010) also 

demonstrated that given ab libitium feed, cows fed lucerne have higher DM intakes (12-23%) 

than those fed perennial ryegrass. This effect was explained by dairy cows fed lucerne having 

an increased rate of digestion leading to higher overall DM intakes and milk production (20% 

on day 10 of the experiment). So both the digestion kinetics and grazing dynamics of previous 

studies suggest lucerne at higher allowances could be used to increase DM intake and milk 

production compared to perennial ryegrass. 

The feeding value or the potential value of a diet is expressed as nutritive value x DM intake, 

and the analysis of forage must distinguish between that on offer and what is actually eaten 

(Waghorn, Burke, & Kolver, 2007). Stockdale et al., (2001) reported that post grazing height 

and or the amount of herbage removed significantly affected the selection differentials 

(chemical composition of herbage consumed over chemical composition of herbage on offer) 

for all the nutritive characteristics for perennial ryegrass. It is unknown how herbage 

allowance and the amount of herbage removed will affect the selection of nutrients and the 

overall feeding value of lucerne forage. 

The objective of this study was to compare apparent DM intake, diet composition, milk 

production and milk composition of dairy cow’s grazing perennial ryegrass-white clover and 

lucerne at different herbage allowances.   
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4.2 Methods and materials 

4.2.1 Experimental site 

A 9 ha area of pasture and lucerne located at the Lincoln University Research Dairy Farm in 

Canterbury, New Zealand (43°38’S, 172°27’E) was used to conduct a 13 d grazing trial from 

the 11 October 2013 to 24 October 2013. A description of the trial site and establishment 

methods is found in 3.2. 

4.2.2 Experimental design 

All procedures were approved by the Lincoln University Animal Ethics Committee. A total of 

50 Friesian x Jersey crossbred multiparous cows were used in a randomized complete block 

design, with 10 treatments and 5 cows in each treatment.  

The 10 pasture treatments were a factorial combination of five herbage allocations (20, 30, 40, 

50 and 60 kg DM/cow/day) and two pasture treatments (perennial ryegrass/white clover mix 

and pure lucerne). Cows on all treatments were moved onto new break after morning milking 

each day. All plots were fully irrigated by centre pivot irrigation, prior to and during the 

experiment.  

Cows were blocked for age (4.9 ± of 2.3 years of age), live-weight (457 ± 29.5 kg), milksolid 

production (1.95 ± 0.029 kg/cow/day), and days in milk (49 ± 20.7days) then allocated within 

blocks to graze one of the 10 treatments. Milk was sampled 1 week before the start of the 

trial. Prior to the start of the trial all cows were rotationally grazed together on perennial 

ryegrass-white clover pasture with pasture silage as supplement. All cows asigned to a lucerne 

treatment were offered an allocation of perennial ryegrass in the afternoon and lucerne during 

the day 3 days prior to the start of the trial. Plastic water troughs were moved daily into the 

grazed area to allow ad libitum access to water.  

Each lucerne and pasture paddock was cut using a disc mower 21-28 days to 7 cm height prior 

to the start of the trial depending on the respective growth rates. The cut herbage was then 

grazed by a mob of cows. This was done to achieve a standard post-grazing height across all 

plots to encourage even re-growth and consistent pre-grazing herbage mass between 2800-

3000 kg DM/ha. Within each paddock, mowing was staggered by cutting half of the herbage 7 

days after the first half. This was done to create a feed wedge and to make sure herbage mass 

did not exceed 3000 kg DM/ha towards the end of trial. All perennial ryegrass, white clover 

paddocks were fertilised with 50 kg N/ha at the same time 7 days after being cut. Lucerne 

paddocks were not fertilised. 
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The cows were milked twice daily at approximately 0600 h and 14.30 h. Permanent fences 

separated the paddocks, while electric fences were used to separate daily pasture allocations.  

All cows were given a rumensin capsule (Elanco ™, Auckland, New Zealand) 7 days prior to 

the start of the experiment to prevent bloat. Each capsule was labeled so that any cows which 

rejected them were able to identified and the capsule replaced. 

4.2.3 Pasture measurements 

Pre and post grazing herbage samples were collected in between morning and afternoon 

milking three times on 15, 18 and 23 of October, in order to estimate the DM%, botanical and 

chemical composition of the different treatment plots. The pre and post grazing samples were 

taken to ground level using electric shears, weighed and then sorted into botanical 

components including leaf and stem on the lucerne samples. All samples were then oven-

dried at 65°C for 48 hours. A second subsample of approximately 100-200 g fresh weight was 

taken from the each of the pasture samples, which included separate leaf and stem for the 

lucerne pastures and frozen at -20°C. These subsamples were later freeze-dried and ground to 

1 mm for analysis using near-infrared spectrophotometry (Feed and Forage Analyser, FOSS 

Analytical, Hilleroed, Denmark) for digestibility (DOMD), neutral detergent fibre (NDF), 

crude protein (CPO), acid detergent fibre (ADF) and soluble carbohydrate (CHO) percentage.   

Metabolisable energy content (MJ ME/kg DM) of both grass and lucerne diets were 

calculated using the equation recommended by CSIRO (2007):  

ME = 0.138DOMD – 2.577 

Diet selection was calculated from the pre and post grazing nutrient composition and the pre 

and post grazing herbage mass. The calculation used was 

Nsel = [(Mpre x Npre) – (Mpost x Npre)]/(Mpre – Mpost) 

Where Mpre and Mpost are the mass of the pre- and post-grazed herbage and Npre and Npost are 

the concentration of the nutrient in the pre and post-grazed herbage, respectively. The diet 

selection differential was calculated as: Nsel/Npre (Dalley et al., 1999). If the values are >1 then 

the quality of the diet selected was greater than the original herbage offered.  
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4.2.4 Herbage allowance  

A rising plate meter (Jenquip, Feilding, New Zealand) was used to estimate pre- and post- 

grazing herbage mass for perennial ryegrass and a sward height stick for lucerne. The rising 

plate meter and sward stick were calibrated prior to and after the experiment by collecting 40 

quadrats per pasture treatment each 0.2 m2 (20 pre-grazing and 20 post-grazing quadrats). A 

total of 40 cuts were also taken on the 26 October 2014 post-trial and combined with the pre-

trial calibration cuts trial to get separate calibration curves for perennial ryegrass and lucerne. 

Curves for each pasture treatment were derived by fitting a single line fitted through all data 

points. The calibration curves used were: 

 Lucerne (kg DM/ha)   = 81 x height (cm)-246, r2 = 0.91 

Ryegrass (kg DM/ha)  Pre = 129 x height (cm)-445, r2 = 0.86 

Grazing areas were then allocated to each treatment group to ensure allocated daily herbage 

allowance, with a new break offered once daily after morning milking. Area allocation 

(m2/cow) was calculated by multiplying the herbage DM yield above ground level by the 

desired herbage allowance. Areas were fully surrounded by electric fences to prevent back 

grazing, and cows had access to water in their respective treatment areas 

4.2.5 Animal measurements 

Mean group herbage DM intake was determined as the product of the difference between pre- 

and post- grazing pasture yield and the area grazed. The equation used was  

((Area allocated m2/10,000 m2)*(pre grazing herbage mass/ha – post-grazing herbage mass/ha)) 

Number of animals in treatment 

Milk yield was measured daily using an automated system (DeLaval Alpro Herd Management 

System, DeLaval, Tumba, Sweden). Two milk subsamples were collected for every cow at the 

morning and afternoon milking on days, 2, 4, 6, 8, 10, 12 in order to determine milk 

composition Milk composition was analysed by Livestock Improvement Corporation Ltd 

laboratory (Christchurch, New Zealand) to determine milk fat, protein and lactose by 

MilkoscanTM (Foss Electric, Denmark).  

Animal liveweight was measured twice daily after morning and afternoon milking using 

weigh scales set up in the Protrack (LIC automation) weighing and drafting station in the exit 

race of the milking shed. 
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4.2.6 Statistical analysis and calculations 

The data were analysed through two approaches. First, treatment means for each cow for milk 

data over the  experimental period were analysed in GenStat (v.12) using a two-way ANOVA 

with pasture treatment (two levels) and  herbage allowance (5 levels) as factors (Payne et al., 

2009). Cows were treated as random effect and pasture type and herbage allowance as fixed 

effects. Treatment effects on pasture chemical composition, estimated group DMI, N intake, 

and diet selection differential were analysed with sampling day treated as random effect and 

pasture type and allowance as fixed effects. Where treatment effects were significant, an LSD 

test was used to separate means.  

 

Second, to test for linear and curvilinear trends in data and differences between lucerne and 

ryegrass in these trends. To achieve this, linear and quadratic orthogonal polynomial contrasts 

were embedded in the ANOVA treatment structure effects. This approach is very similar to 

that reported by Dalley et al., (1999) and Lee et al., (2008). This is the most appropriate 

method to analyse regression trends as well as differences between treatment means. Dalley et 

al., (1999) showed there is a linear relationship between herbage allowance and intake, and 

the analysis here wanted to determine if the effect differed between lucerne and ryegrass. 
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4.3 Results 

There was no significant difference in milk yield or milksolid production between treatments 

(Table 4.1). However, there was a linear effect of increasing herbage allowance (Table 4.1) 

(kg milk = 0.0087 x herbage allowance  (kg DM/cow/day) + 1.59, r2 = 0.75). Milk yield 

increased by 17.3% and 19.0% in the lucerne and ryegrass treatments respectively, as herbage 

mass increased from 20 to 60 kg DM/cow/day herbage allowance. There was no difference in 

milk composition or total fat, protein and lactose produced per cow between pasture 

treatments. Both fat and protein produced per day increased linearly with increasing herbage 

allowance (Table 4.1). Liveweight change showed a quadratic trend (Table 4.1) with 

increasing herbage allowance ( LW change (kg) = -0.056 x herbage allowance2 (kg 

DM/cow/day) + 5.18 x herbage allowance + 352.52, r2 = 0.92). Both lucerne and perennial 

ryegrass treatments lost weight (-1.32 kg/cow/day an -0.12 kg/cow/day respectively) at 20 kg 

DM /day/cow herbage allowance and gained weight (1.17 and 0.69 kg /cow/day respectively) 

at the 30 and 40 kg DM/cow/day herbage allowance for lucerne and perennial ryegrass 

treatments respectively. There was no effect of pasture treatment on liveweight change (P= 

0.59) 
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Table 4.1: Milk yield, milksolid yield and milk composition and liveweight change of dairy 

cows grazing pasture and lucerne at five herbage allowances (kg/DM/cow/day) in late spring. 

Significance of effects of pasture type (P), herbage allowance (A), the interaction (P x A) and 

the linear and quadratic effects of herbage allowance are shown. Means within Lucerne and 

Ryegrass rows that have different superscripts are significantly different according to LSD 

(P<0.05). 
  Herbage Allowance (kg DM/cow/day)  Significance Linear Quadratic 

 Pasture 20 30 40 50 60 LS
D P P x 

A A P x 
A A P x 

A 

Milk Yield 
(l/ 

cow/day) 

Lucerne 20.95a

b 
22.03ab

c 
22.85ab

c 25.73c 24.58b

c 
3.89 0.47

0 
0.30

7 
<0.0

1 
0.49

6 
0.85

7 
0.98

4 Ryegras
s 20.64s 20.31a 25.20c 22.28ab

c 
24.58b

c 

Milksolids 
(kg/ 

cow/day) 
 

Lucerne 1.73ab 1.89ab 2.01bc 2.01bc 2.07c 

0.29 0.96
4 

0.88
4 <.01 0.53

7 
0.11

7 
0.66

5 Ryegras
s 1.67a 1.79ab 2.10c 2.06c 2.08c 

Milk fat % 
Lucerne 5.45b 5.40ab 5.34ab 4.73a 5.03ab 

076 0.29
3 

0.34
0 0.148 0.28

5 
0.60

5 
0.48

2 Ryegras
s 4.89ab 5.26ab 4.89ab 5.21ab 4.80ab 

Milk 
protein % 

Lucerne 3.26a 3.38ab 3.53abc 3.24a 3.61bc 

0.31 0.00
5 

0.34
0 0.03 0.99

1 
0.18

5 
0.12

8 Ryegras
s 3.34ab 3.76c 3.55abc 3.82c 3.58bc 

Milk 
lactose % 

Lucerne 4.85a 4.99ab 5.04ab 4.85a 5.217b 

0.36 0.21
9 

0.23
6 0.679 0.07

9 
0.74

2 
0.31

9 Ryegras
s 4.89ab 5.01ab 4.94ab 4.86a 4.78a 

Milk fat 
kg/ 

cow/day 

Lucerne 0.99ab 1.09abc 1.16bc 1.12bc 1.176c 

0.17 0.23
1 

0.89
4 0.003 0.73

4 
0.07

2 
0.57

9 Ryegras
s 0.93a 1.00ab 1.67bc 1.12bc 1.11bc 

Milk 
protein 

kg/ 
cow/day 

Lucerne 0.68a 0.74abc 0.80abcd 0.82bcd 0.89bd 

0.14 0.42
2 

0.83
2 

<.00
1 

0.85
4 

0.21
4 

0.32
4 Ryegras

s 0.69ab 0.75abcd 0.89d 0.86cd 0.86cd 

Milk 
lactose 

kg/ 
cow/day 

Lucerne 0.996a

b 1.07abc 1.12abc 1.22c 1.26c 

0.22 0.22
3 

0.50
7 0.005 0.33

8 
0.52

3 
0.56

9 Ryegras
s 0.99a 0.98a 1.21bc 1.06abc 1.12abc 

Liveweigh
t change 

(kg/ 
cow/day) 

 

Lucerne -1.32a 1.17b 1.29b 0.89b 0.29ab 
1.76 0.05

9 
0.34
5 0.098 0.65

2 
0.01
1 

0.15
0 Ryegras

s 78.89d 75e 65.12d 58.35c 46.2a 

 
There was no effect on pasture type or the interaction between pasture type and allowance on 

apparent herbage DM intake (Table 4.2). Herbage allowance had a significant effect on 

apparent herbage DM intake for both pasture treatments (P<0.001), with strong linear and 

quadratic relationships, (DM  intake (kg/cow/day) = 0.13 x herbage allowance (kg 

DM/cow/day) + 10.4, r2
 =0.75 and 0.17 x herbage allowance (kg DM/cow/day) + 8.6, r2=0.82 

for lucerne and perennial ryegrass respectively). Post grazing herbage mass was significantly 

different between pasture treatments and were affected by the pasture x herbage allowance 

interaction (Table 4.2). At low herbage allowances (20 and 30 kg DM/cow/day) post-grazing 

mass was similar between pasture treatments. However, at 40 and 50 kg DM/cow/day herbage 
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allowance, the post-grazing herbage mass in lucerne was 351 and 475 kg DM/ha greater than 

perennial ryegrass. This was supported by significant difference in utilisation at 40 and 50 kg 

DM herbage allowance between the perennial ryegrass and lucerne treatments. Cows grazing 

perennial ryegrass at 40 and 50 kg DM/cow/day had 11.7% and 7.0% higher utilisation (Table 

4.2) 

Table 4.2: Apparent DM intake of dairy cows, and post-grazing herbage mass from perennial 

ryegrass and lucerne at five herbage allowances (kg DM/cow/day) in early lactation. The 

significance of the effect of pasture type (P), herbage allowance (A), the interaction (P x A) 

and the linear and quadratic effects of herbage allowance are shown. Means within Lucerne 

and Ryegrass rows that have different superscripts are significantly different according to 

LSD (P<0.05). 
  Herbage Allowance (kg DM/cow/day)  Significance Linear Quadratic 

 Pasture 20 30 40 50 60 LSD P P x A A P x A A P x A 

Intake 
(kg 

DM//day) 

Lucerne 11.7a 15.9bc

d 14.8b 16.8c

d 17.4d 

1.9 0.982 0.376 <.001 0.155 0.00
1 0.243 Ryegras

s 10.5s 15.0bc 15.8bc

d 17.7d 17.5d 

Post 
mass (kg 
DM/ha) 

Lucerne 445a 593bc 957e 1195f 1194
f 

120 <0.00
1 

<0.00
1 

<0.00
1 <0.001 0.34

6 
<0.00

1 Ryegras
s 481ab 581bc 606cd 720d 1087

f 

Pasture 
utilisatio

n % 

Lucerne 81.18
d 74.9e 53.4b 51.6b 41.7a 

4.8 <0.00
1 

<0.00
1 <.001 0.011 0.91

8 
<0.00

1 Ryegras
s 78.9d 75.0e 65.1d 58.4c 46.2a 

 
The pre-grazing bulk herbage composition was significantly different between pasture and 

lucerne treatments in all components except ADF percentage. Lucerne had lower bulk forage 

ME (12.03 to 12.93 ME MJ/kg DM), CHO (13.5 to 24.8%), and NDF (25.5 to 40.2%) 

compared to perennial ryegrass, but higher CP (26.5 to 16.9%). 
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Table 4.3: Average pre-grazed herbage chemical composition of perennial ryegrass and 

lucerne at five herbage allowances (kg DM/cow/day) in early lactation. The significance of 

the effect of pasture type (P), herbage allowance (A), the interaction (P x A) and the linear 

and quadratic effects of herbage allowance are shown. Means within Lucerne and Ryegrass 

rows that have different superscripts are significantly different according to LSD (P<0.05). 
 

 Herbage Allowance (kg 
DM/cow/day)  Significance Linear Quadratic 

 
Pasture 20 30 40 50 60 LSD P P x 

A A P x 
A A P x 

A 

 ME 
(MJME/day) 

Lucerne 12.1a 11.9a 12.1a 12.0a 12.0a 

0.49 <0.001 0.975 0.486 0.545 0.61 0.89 
Ryegrass 12.9b 12.8b 12.9b 12.9b 13.1b 

 Crude 
Protein 

% 

Lucerne 25.9c 25.2c 27.3e 27.8e 26.5e 

3.1 <0.001 0.985 0.075 0.79 0.38 0.99 
Ryegrass 16.3ab 14.8a 17.9b 18.4b 17.1ab 

 NDF 
% 

Lucerne 26.0b 27.0b 25.2b 25.0b 24.2b 

3.3 <0.001 0.99 0.20 0.92 0.87 0.97 
Ryegrass 40.8a 40.9a 39.9a 39.6a 39.6a 

 ADF 
% 

Lucerne 22.0a 22.8a 21.7a 21.9a 22.2a 

2.4 0.9 0.98 0.55 0.71 0.98 0.80 
Ryegrass 22.2a 22.6a 22.1a 21.7a 21.7a 

CHO 
% 

Lucerne 13.8a 14.3a 13.4a 13.6a 12.3a 

3.6 <0.001 0.64 0.29 0.78 0.85 0.36 
Ryegrass 24.9b 26.7b 23.4b 23.5b 25.4b 

 
Diet selection of ME showed a linear trend (P=0.011), increasing with inreasing herbage 

allowance (Table 4.4). The interaction between pasture type and allowance also had a 

signficant effect on ME selected (P=0.038). ME selected increased to a greater degree in 

lucerne (ME MJ kg/DM =11.72+0.0388 x herbage allowance (kg DM/cow/day)) than in 

perennial ryegrass (ME MJ kg/DM =12.97+0.0045 x herbage allowance (kg DM/cow/day)) in 

(Figure 4.1). Diet CP was 12% higher in lucerne than perennial ryegrass averaged over the 

herbage allowance treamtents (P<0.001). Diet ADF% decreased by 40.6% from 20-60 kg 

DM/cow/day herbage allowance in lucerne, while in the perennial ryegrass ADF% only 

decreased by 5.5%. Diet NDF% also decreased linearly (-0.13 x herbage allowance (kg 

DM/cow/day) + 33.8, r2=0.70) with herbage allowance however there was no effect on 

pasture treatment (Table 4.4).  
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Table 4.4: Average diet selection of dairy cows grazing pasture and lucerne at five herbage 

allowances (kg DM/cow/day) in late spring. Significance of effects of pasture type (P), 

herbage allowance (A), the interaction (P x A) and the linear and quadratic effects of herbage 

allowance are shown. Means within Lucerne and Ryegrass rows that have different 

superscripts are significantly different according to LSD (P<0.05). 
  Herbage Allowance (kg DM/cow/day)  Significance Linear Quadratic 
 

Pasture 20 30 40 50 60 LSD P P x 
A A P x 

A A P x 
A 

Diet ME 
(MJ 

ME/day) 

Lucerne 12.6a 12.6a 13.4ab 13.8b 13.9b 

1.02 0.606 0.256 0.011 0.038 0.753 0.729 
Ryegrass 13.1sb 13.1ab 13.3ab 13.0ab 13.4ab 

Diet 
Crude 
Protein 

% 

Lucerne 27.7cd 27.3bcd 33.0de 36.2e 37.6e 

6.04 <.001 0.539 <.001 0.089 0.946 0.912 
Ryegrass 18.2a 16.5a 20.7a 21.9abc 21.6ab 

Diet NDF 
% 

Lucerne 23.3b 23.4b 16.1c 17.4c 16.7c 

4.36 <0.01 0.238 <0.01 0.082 0.414 0.333 
Ryegrass 39.1a 39.0a 36.6a 38.3a 35.9a 

Diet ADF 
% 

Lucerne 19.5a 19.7a 14.4b 16.1b 15.7b 

3.32 <0.05 0.163 0.011 0.095 0.614 0.155 
Ryegrass 20.8a 21.4a 20.6a 21.2a 19.7a 

Diet CHO 
% 

Lucerne 14.7abc 15.2abc 15.2abc 13.7a 13.9ab 

8.64 <.001 0.922 0.349 0.639 0.969 0.777 
Ryegrass 24.0e 26.2e 22.5bce 19.6abcde 22.6ce 

 

 

Figure 4.1: Diet ME (MJ ME/kg DM) selected of cows grazing pasture and lucerne at five 

different herbage allowance rates above ground level.   
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4.4 Discussion 

4.4.1 Apparent herbage DM intake 

Apparent herbage DM intake responded in a similar way to an increase herbage allowance in 

both lucerne and ryegrass. Apparent DM intake showed a quadratic relationship, increasing 

with increasing herbage allowance and plateauing between 50-60 kg DM/cow/day. This was 

similar to Dalley et al., (1999) who also found that apparent DM intake in perennial ryegrass 

began to plateau at 60-70 kg DM/cow/day. However, Wales et al., (1998) reported a linear 

relationship between herbage allowance and herbage DM intake for allowances between 20 

and 70 kg DM/cow/day. In this study the average herbage DM intake/kg DM herbage 

allowance increased at 0.14 kg DM for the lucerne and 0.18 kg DM for the ryegrass. This is at 

the lower end of 0.12 to 0.35 kg DM intake/kg DM herbage allowance range reported by 

Stockdale (1985). However, it was similar to what was reported by Dalley et al., (1999) and 

Wales et al., (1998) at 0.14 kg and 0.18 kg DM increase/kg DM herbage allowance increase 

between 20 and 70 kg DM herbage allowances. 

Our hypothesis was that DM utilisation and apparent DM intake for lucerne would be higher 

than perennial ryegrass because of ability to graze the individual stems to ground level. Dairy 

cows grazing perennial ryegrass do not like to graze below previous post-grazing height due 

to the base of the sward having large amounts of stem and being low in quality due to 

decaying matter making it difficult to consume or unpalatable. Lucerne is more upright and 

has less stem in the base of the sward, and previous studies have showed consistent utilisation 

above 80% (Brown & Moot, 2004). In this trial conducted in late spring, lucerne had 900 kg 

DM/ha less in the post grazing herbage mass at 10 cm grazing height than perennial ryegrass 

pastures in the Mid-Nov trial. Although cows grazing lucerne, achieved high DM utilisation 

at herbage allowances of 20 and 30 kg DM/cow/day there was no significant difference 

between pasture treatments. The utilisation decreased from 79 to 46% in perennial ryegrass 

and 81 to 41% in the lucerne. Dalley et al., (1999) reported a much lower DM utilisation of 

their pasture ranging from 54% to 26% as herbage allowance increased from 20 to 70  kg 

DM/cow/day, which was similar to what Wales et al., (1998) observed on medium mass 

swards (52-29% 5.6-4.1 t DM/ha).  

The reason utilisation in this study may have been higher in the perennial ryegrass pastures 

than previously reported may be due to tetraploid perennial ryegrass used in this study. 

Balocchi and Lopez (2009) have reported similar DM utilisation for tetraploids in Chile 

ranging from 74-91 % over a three year period, which were significantly greater than diploid 

cultivars. In Ireland, a milk production study comparing diploid and tetraploid cultivars had to 
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adjust their herbage DM allowances offering 6-8% less on the tetraploid cultivars due to the 

lower pre-grazing herbage mass and high DM utilisation. The increase in utilisation and 

grazing intensity is partially explained by the greater digestibility of tetraploid cultivars 

(Balocchi & Lopez, 2009) due to the greater soluble fractions/reduced insoluble fractions, 

greater WSC content and reduced cell wall content (Lee et al., 2012). Nueteboom (1993) 

reported that on average tetraploid have 27% less tillers than diploid cultivars. This does not 

have an effect on the pre-grazing herbage mass as they also discovered that the weight of the 

individual tillers was greater than the diploids, and also a greater proportion of the herbage 

mass is in the grazing horizon.  

4.4.2 Diet selection 

The opportunity for selection is generally limited in intensively managed dairy grazing 

systems grazed as herbage allowances are low and pastures allocated daily or twice daily and 

grazed to low post grazing at low herbage mass. Stockdale et al., (2001) reported that post-

grazing height and /or the amount of herbage removed significantly affected the diet selection 

(and by association selection differentials) for all the nutritive characteristics. Except for the 

detergent fibre fractions, the greater the amount of herbage removed (higher the utilisation), 

the lower the diet selection and selection differentials.  

Diet ME and CP showed a linear increase with herbage allowance, while ADF and NDF had 

an inverse relationship (Table 4.4). This is related to the quality parameters of the different 

sward horizons and the selectivity relative to their herbage allowance. Delagarde et al., (2000) 

reported a mean decline in digestibility from the top to the bottom of the sward (83.7 to 74%). 

At the same time CP concentrations declined 23.9 to 15.5% and NDF concentrations 

increased from 42 to 56%. Similar results have been found for lucerne with 80% of the 

protein available consumed when only 57% of the total herbage mass was utilised (Brown & 

Moot, 2004). 

Dalley et al., (1999) and Wales et al., (1998) stated there was little variation in diet selection 

between herbage allowances in irrigated perennial ryegrass white clover pasture in spring and 

autumn. The absence of a relationship suggests that there was little variation in quality 

between the different pasture horizons consumed by cows. There was also evidence of this in 

our experiment. There was very little difference in the ME selected by cows grazing the 

perennial ryegrass pastures (Figure 4.1). The selection differentials for ME between the 20 

and 60 kg DM herbage allowances were 1.01 to 1.02. So despite having grazed to different 
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post grazing herbage masses and pasture horizons there was similar digestibility throughout. 

This was reflected in the high utilisation and the high DM intakes of the perennial ryegrass.  

There was a greater difference in diet ME between herbage allowances in lucerne. The greater 

difference in the diet ME selected over different herbage allowance rates in the lucerne may 

be explained by both the morphological and nutritive characteristics of the plants different 

components. Lucerne leaf has significantly greater digestibility and CP than lucerne stem 

(Brown & Moot, 2004). As the herbage mass increases the stem fraction becomes more 

unpalatable (defined as the portion of lignified lower stems left in the paddock after grazing; 

(Brown & Moot, 2004) while the leaf remains similar quality. As herbage allowance 

increased so too does the cow’s ability to preferentially select leaf and the palatable fraction 

of the stem (as shown by the higher post grazing herbage mass). In this trial, ME, CP and 

NDF was 12.3 (ME MJ/kg DM), 29.5%, and 21.1% respectively, while the stem was 10.2 

(ME MJ/kg DM), 17.1 %, 40.3 %. Unlike perennial ryegrass, as the selection of leaf increased 

with herbage allowance, so too did the nutrient value and the feed value of their diet.  

4.4.3 Milk production and composition 

There was no difference in milk production between pasture treatments at the five different 

herbage allowances. This is consistent with the three trials in chapter 3. However milk yield 

and milksolid production increased with increased herbage allowance in both pasture 

treatments. The average marginal response was 0.63 kg milk per extra kg DM eaten for the 

lucerne pasture and 0.56 for the ryegrass white clover treatment. This was higher than Dalley 

et al., (1999) where the average response was 0.43 kg milk/kg DM. However, this was lower 

than reported in Wales et al., (1998) whose average increase in milksolid production was 0.7 

kg milk/kg DM intake. The lower response to milk production in our study to increases in 

DM consumed may have been influenced by the liveweight gain which followed a quadratic 

trend (Table 4.1) for both pasture treatments with increases in herbage allowance. As diet 

selection and DM intake increased, more energy may have been partitioned towards 

liveweight which negated some of the impacts of diet selection and feeding value on milk 

production. Greater diet selection and ME of the lucerne was reflected in the increased milk 

yield at 50 kg herbage allowance and increased liveweight gain at 60 kg compared to the 

perennial ryegrass. Cows feeding on both lucerne and perennial ryegrass at the lowest herbage 

allowance substituted low intakes and lower feed value by mobilising energy reserves which 

helped maintain milk production. Dalley et al., (1999) found that cows mobilised energy and 

were losing weight at 20-40 kg DM/cow/day herbage allowance, with the greatest change of -

0.44 kg/cow/day coming at 20 kg DM herbage allowance.  
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There was a linear trend of increasing milk protein percentage per cow (Table 4.1) with 

herbage allowance, although effect was small with only significant differences occurring in 

lucerne treatment between 20 and 70 kg DM/cow/day herbage allowance. The increase in 

milk protein % in lucerne from low to high herbage allowance is likely related to the effect of 

herbage allowance on diet selection and overall CP intake compared to perennial ryegrass, as 

cows preferentially graze the leaf component which is high in CP. The non-significant effect 

of herbage allowance on milk protein in perennial ryegrass and the non-significant effect of 

herbage allowance on milk fat is in line with other studies (Dalley et al., 1999) where there 

was no effect on fat, protein, or lactose in the milk with different herbage allowances. 

Pasture utilisation  

Herbage allowance had a major effect on individual animal production. But the increase in per 

cow production at higher herbage allowances was at the expense of pasture utilisation. In this 

trial DM utilisation decreased from 81 to 41% in the perennial ryegrass treatment and 78 to 

46% in lucerne as herbage allowance increased from 20 to 60 kg DM/cow/day herbage 

allowance. An increase in individual cow production may be at the expense of  production per 

hectare (Ulyatt & Waghorn, 1993). The increase in milk production per cow from higher 

herbage allowance rates may not be sustainable as previous research suggests there are 

negative impacts on pasture quality from lower grazing intensities and higher post grazing 

pasture masses in the proceeding grazing rounds (Lee et al., 2008; Michell et al., 1987). The 

impact of the higher post grazing pasture masses as shown in Table 4.2 is not known for 

lucerne. However, it is speculated that lucerne is different than perennial ryegrass because of 

the continuous cycling of new shoots from the base of the plant, providing new shoot material 

and the death and disappearance of old lignified stems. This theory is investigated in Chapter 

5.  
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    Chapter 5 
The effect of different post grazing residuals on milk 
production and composition of cows grazing lucerne 

and ryegrass pastures 

5.1 Introduction 

In dairy grazing systems, dry matter (DM) intake is the key determinant of milk production 

(Holmes et al., 2002) and is primarily controlled by herbage allowance (Nicol & Nicoll, 

1987). It was reported in Chapter 4, that DM intake and milk production increased with 

herbage allowance in both pasture and lucerne which is consistent with previous studies 

milksolid production (Stakelum, 1986; Wales et al., 1999; Dalley et al., 1999). 

Previous research has shown that there is a strong positive relationship with post-grazing 

herbage mass and herbage allowance (Mayne et al., 1988). This was confirmed in the 

previous study with both ryegrass and lucerne having increased post-grazing herbage mass at 

higher herbage allowance, with the amount if herbage utilised decreasing from 81% to 41% in 

lucerne and 78% to 46% in perennial ryegrass as herbage allowance increased from 20 to 60 

kg DM/cow/day. In turn, several studies note that higher residual herbage mass may reduce 

pasture quality and subsequent regrowth by increasing the proportion of dead material in the 

pasture sward (Hoogendoorn et al., 1992; Michell et al., 1987). Hoogedoorn et al., (1992) 

reported that lowering the herbage allowance and increasing the grazing intensity had no 

effect on milk production in the spring, but increased milk production in the summer due to 

the greater digestibility of the pastures, and greater percentage of green leaf in their diet. This 

has contributed to the belief that a low post-grazing herbage mass (e.g. more intensive 

grazing) are required to maintain quality and promote high milk production (Mayne et al., 

1987). However, other studies have noted a less of an effect of post grazing herbage mass on 

pasture quality and milk production (Michell and Fulkerson, 1987). They found that cow’s 

selected similar diet quality when offered pasture from high and low previous grazing post-

grazing herbage mass. However this came at the expense of DM intake which reduced milk 

production in summer as cows rejected the dead material from the higher post grazing mass 

swards and selected a diet of similar digestibility. 

The previous chapter examined the effect of herbage allowance on lucerne and ryegrass, 

concluding that higher allowances could be used as a management tool to increase milk 
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production approaching peak lactation; this was achieved at the cost of low herbage 

utilisation. This study builds on the previous study, but using the different post grazing 

residual herbage masses generated in that study to examine how differences in post grazing 

herbage mass of ryegrass and lucerne created by offering cows different herbage allowances 

affected herbage quality, diet selection and milk production in the subsequent grazing when 

cows were fed a constant herbage allowance. There is no information on the effect of post 

grazing residual in lucerne on subsequent milk production. It was hypothesized that the effect 

of high allowances and post-grazing herbage mass would have less impact on subsequent 

milk production in lucerne. This was because lucerne has a much lower bulk density in the 

post grazing mass (Chapter 3 and 4), and also regrows from a crown at the base of the plant 

(Moot et al., 2003). This would suggest that in comparison to perennial ryegrass, cows could 

utilise far higher percentages of new regrowth material without having to reject or select dead 

material remaining after the previous grazing event.  
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5.2 Materials and Methods 

5.2.1 Experimental site 

All procedures were approved by the Lincoln University Animal Ethics Committee. The trial 

was a continuation of Chapter 4. Details of the establishment and management of the lucerne 

and perennial ryegrass are found in Chapter 3.  

5.2.2 Experimental design 

In Chapter 4, lucerne and perennial ryegrass pastures were offered to cows at herbage 

allowances of 20, 30, 40, 50, 60 kg DM/cow/d above ground level in a 2 x 5 factorial design.  

Dairy cows grazed each pasture treatment for a period of 13 days from 11 October 2013 to the 

24 October 2013. Because of the different herbage allowance rates and its effect on 

utilisation, there was a range in the residual post grazing herbage mass between treatments 

(Figure 4.2). The aim was to simulate an on farm situation where previous herbage allowance 

left different post grazing herbage mass, morphology and composition, and it was considered 

that differences in the post grazing herbage mass would be sufficient to create a follow on 

effect in pasture quality in the next rotation. It was considered that imposing different post 

grazing herbage heights by mechanical topping would not be as effective, and mechanical 

topping would not be able to replicate the heights, morphology and composition following 

grazing.   

After grazing was completed for the previous trial, herbage was allowed to regrow for 22 days 

until the start of this experiment on 3 November 2013. During the regrowth period, perennial 

ryegrass was fertilized with 40 kg N/ha on 25 October 2014.   The regrowth interval was 

chosen to replicate grazing intervals occurring on irrigated dairy farms in Canterbury during 

November and aimed at achieving an average 3000 kg DM/ha herbage mass across the 

treatments; although recognising some treatments may have lower and higher herbage mass 

due to previous allowances and date grazed during the previous trial. 

A total of 50 Friesian x Jersey crossbred multiparous cows were blocked for age (5.2 years of 

age with variance ± (2.3), live-weight (457.7 kg with variance ± 29.4 kg) and milk production 

(23.1 litres/day with variance ± 17.2 litres/d) and allocated from within blocks to the 10 

treatments. Milk was sampled 1 week before the start of the trial. Cows were >54 days into 

lactation. In the 3 weeks prior to the start of the trial, all cows were rotationally grazed 

together on perennial ryegrass and white clover pasture with pasture silage as supplement. 

The cows moved straight into the experimental phase with no transition period of gradual 

adjustment to lucerne. The cows were milked twice daily (approximately 0600 h and 1430 h). 
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Permanent fences separated the lucerne and ryegrass paddocks, while electric fences were 

used to separate daily herbage allocations. 

All animals were given a rumensin capsule (Elanco ™, Auckland, New Zealand) to prevent 

bloat on 3 October 2013. Each capsule was labeled so that any cows which rejected them 

were able to identified and the capsule replaced. 

5.2.3 Pasture measurement 

Pre- and post-grazing herbage samples were collected to ground level every 3 days during the 

trail in order to estimate the dry matter percentage, botanical (dead, weed, treatment species, 

clover percentage) and chemical composition (ME MJME/kg DM, NDF, protein, ADF and 

CHO percentage) of the different treatment plots. One sub-sample (around 200 g fresh 

weight) was weighed and then sorted into sown species, weeds and dead material. Lucerne 

was separated into leaf and stem fractions.  All samples were then oven-dried at 65°C for 48 

hours. A second subsample of approximately 200 g fresh weight was taken from the each of 

the pasture samples, which included separate leaf and stem for the lucerne pastures and frozen 

at -20°C. These subsamples were later freeze-dried and ground to 1 mm for analysis using 

near-infrared spectrophotometry (Feed and Forage Analyser, FOSS Analytical, Hilleroed, 

Denmark) for digestibility (DOMD), NDF, protein, ADF and CHO percentage.  

Metabolisable energy content (MJ ME/kg DM) of both pasture and lucerne were calculated 

using the equation recommended by CSIRO (2007):  

ME = 0.138DOMD – 2.577 

Diet selection calculated from the pre- and post-grazing herbage samples analysed for nutrient 

composition and the pre- and post-grazing herbage mass. The calculation used was: 

Nsel = [(Mpre x Npre) – (Mpost x Npre)]/(Mpre – Mpost) 

Where Mpre and Mpost are the mass of the pre- and post-grazed herbage and Npre and Npost are 

the concentration of the nutrient in the pre and post-grazed herbage, respectively. The diet 

selection differential was calculated as: Nsel/Npre (Dalley et al., 1999). 

5.2.4 Herbage allowance 

All treatment groups were allocated to the same herbage allowance of 30 kg DM/day above 

ground level. The trial started 23 days after they were first grazed in the herbage allowance 

trial (Chapter 4) with pre grazing pasture heights ranging from 20.7 to 36 cm in the lucerne 

treatments and 13.6 to 23.1 in the perennial ryegrass/white clover treatments. The predicted 
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pre-grazing hernage mass for the 10 treatments were significanlty different due to the grazing 

intensity and post grazing residual from the previous rotation. The calibration equations used 

to estimate perennial ryegrass and lucerne herbage mass were the same as used in Chapter 4. 

Grazing areas were then allotted to each treatment group to ensure a similar daily herbage 

allowance, with a new break offered once daily after morning milking. Area allocation 

(m2/cow) was calculated by multiplying the herbage DM yield above ground level by the 

desired herbage allowance (30 kg of DM/cow per day). Areas were fully surrounded by 

electric fences to prevent back grazing, and cows had access to water in their respective 

treatment areas. Plastic water troughs were moved daily into the grazed area to allow ad 

libitum access to water. 

5.2.5 Animal Measurements 

Mean group herbage DM intake was determined as the product of the difference between pre- 

and post- grazing pasture yield and the area grazed. The equation used was  

((Area allocated m2/10,000 m2)*(pre grazing herbage mass/ha – post-grazing herbage mass/ha)) 

Number of animals in treatment 

Milk yield was measured daily using an automated system (DeLaval Alpro Herd Management 

System, DeLaval, Tumba, Sweden). Two milk subsamples were collected for every cow at the 

morning and afternoon milking on day, 2, 4, 6, 8, 10, 12 in order to determine milk 

composition. Milk composition was analysed by Livestock Improvement Corporation Ltd 

laboratory (Christchurch, New Zealand) to determine milk fat, protein and lactose by 

MilkoscanTM (Foss Electric, Denmark).  

Animal liveweight was measured twice daily after morning and afternoon milking using 

weigh scales set up in the Protrack (LIC automation) weighing and drafting station in the exit 

race of the milking shed. 

5.2.6 Statistical analysis 

The data were analysed through two approaches. First, treatment means for each cow for milk 

data over the  experimental period were analysed in GenStat (v.12) using a two-way ANOVA 

with pasture treatment (two levels) and previous herbage allowance (5 levels) as factors 

(Payne et al., 2009). Cows were treated as random effect and pasture type and herbage 

allowance as fixed effects. Treatment effects on pasture chemical composition, estimated 

group DMI, N intake, and diet selection differential were analysed with sampling day treated 



 83 

as random effect and pasture type and allowance as fixed effects. Where treatment effects 

were significant, an LSD test was used to separate means.  

Second, to test for linear and curvilinear trends in data and differences between lucerne and 

ryegrass in these trends. To achieve this, linear and quadratic orthogonal polynomial contrasts 

were embedded in the ANOVA treatment structure effects. This approach is very similar to 

that reported by Dalley et al., (1999) and Lee et al., (2008). This is the most appropriate 

method to analyse regression trends as well as differences between treatment means.  
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5.3 Results 

5.3.1 Botanical composition 

Perennial ryegrass contained a significantly greater percentages of dead material and weed 

(P<0.01 and P<0.001) (Table 5.1) than lucerne. There was also an interaction between 

herbage allowance and weed percentage with perennial ryegrass and lucerne increasing from 

lowest to highest previous herbage allowance by 5.6% and 15.0%, respectively.  

Table 5.1: Botanical composition of ryegrass and lucerne pastures at different previous 

herbage allowance (kg DM/cow/day) in late spring. The significance of effects of pasture type 

(P), herbage allowance (A), the interaction (P x A) and the linear and quadratic effects of 

previous herbage allowance are shown. Means within a row that have different superscripts 

are significantly different according to LSD (P<0.05). 
 

 Herbage Allowance (kg DM/cow/day) 
Previous trial  Significance Linear Quadratic 

 
Pasture 20 30 40 50 60 LSD P P x 

A A P x 
A A P x 

A 

DM% 
 

Lucerne 15.9ab 15.4ab 16.4ab 12.4a 18.9ab 

10.1 0.019 0.585 0.255 0.446 0.296 0.956 
Ryegrass 21.4ab 15.2ab 21.4ab 23.8b 24.6b 

Sown 
Species 

% 

Lucerne 93.6b 87.1ab 84.7ab 84ab 81.9a 

10.7 0.137 0.810 0.013 0.593 0.893 0.347 
Ryegrass 92.0ab 92.3ab 91.8ab 87.3ab 85.6ab 

Clover% 
Lucerne 3.3abc 5.1abc 9.4c 8.3bc 1.5ab 

6.93 0.85 0.105 0.226 0.257 0.352 0.014 
Ryegrass 7.5abc 1.7abc 2.6abc 0.7a 1.6ab 

Dead 
% 

Lucerne 1.5ab 0.0a 0.0a 0.2a 0.0a 

4.96 0.003 0.76 0.734 0.693 0.233 0.555 
Ryegrass 4.4ab 5.0b 1.4ab 3.4ab 5.3ab 

Weed 
% 

Lucerne 1.6a 0.7a 5.9bcd 7.5d 16.6e 

3.8 <.001 0.005 <.001 0.003 0.029 0.025 
Ryegrass 3.6abc 2.7ab 6.88cd 9.2d 9.1d 

 

5.3.2 DM Intake 

There was a significant effect on apparent DM intake of the interaction between pasture type 

and previous herbage allowance (Table 5.2). Apparent DM intake in the perennial ryegrass 

treatment increased from lowest to highest previous herbage allowance by 3 kg DM/cow/day 

(DM intake (kg/cow/day) = 0.07 x herbage allowance (kg DM/cow/day) + 10.6, r2=0.87) The 

opposite trend was evident for lucerne; the highest herbage DM intake occurring at the lowest 

previous herbage allowance (15.9 kg DM/cow/day) and decreased by 1.2 kg DM/cow/day at 

the highest previous herbage allowance (DM intake (kg/cow/day) = -0.024 x herbage 

allowance (kg DM/cow/day) + 16.4, r2=0.73) Figure 5.1 .  

Previous herbage allowance also had an opposite effect on pasture treatment for DM 

utilisation. In lucerne, DM utilisation decreased from 79% to 71%, as previous herbage 
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allowance increased from 20-60 kg DM/cow/d while perennial ryegrass DM utilisation 

increased from 67.8 to 72.1% (Table 5.2). The post-grazing herbage mass from the different 

herbage allowances offered in the previous trial were significantly different between pasture 

types and were affected by pasture x herbage allowance interaction (Table 5.2). As herbage 

allowance increased the post-grazing herbage mass increased in a strong linear relationship 

for both pasture types (P<0.001).  

The growth rates for the accumulated pre grazing mass were dependent on the previous post-

grazing herbage mass. Growth rate showed a quadratic relationship with previous herbage 

allowance (P<0.001; r2=0.85, Figure 5.3). 

Table 5.2: Average apparent DM intake (kg DM/cow/day) of dairy cows grazing lucerne and 

perennial ryegrass at previous herbage allowances. The previous post-grazing herbage mass 

(kg DM/ha), current DM utilisation (%), current pre-grazing herbage mass (kg DM/ha) and 

current herbage growth rate (kg DM/day) in late spring are also included. The significance of 

effects of pasture type (P), herbage allowance (A), the interaction (P x A) and the linear and 

quadratic effects of herbage allowance are shown. Means within a row that have different 

superscripts are significantly different according to LSD (P<0.05). 
  Herbage Allowance (kg DM/cow/day) previous 

trial  Significance Linear Quadratic 

 
Pasture 20 30 40 50 60 LSD P P x A A P x A A P x A 

Intake 
(kg 

DM/cow/day) 

Lucerne 15.9e 15.4cde 15.6de 15.4cde 14.7cde 

1.7 <0.001 0.016 0.096 <.001 0.369 0.7 
Ryegrass 11.7a 12.8ab 14.1bcd 13.8bc 14.7cde 

Previous 
Pasture 

residual (kg 
DM/ha) 

Lucerne 445a 593bc 957e 1195f 1194f 

111.9 <0.001 <0.001 <0.001 <0.001 0.346 <0.001 
Ryegrass 481ab 581bc 606cd 720d 1087f 

Pasture 
utilisation % 

Lucerne 79.4d 73.8cd 65.1a 72.1bc 70.8abc 

5.9 0.043 0.004 0.151 0.012 0.017 0.057 
Ryegrass 67.9ab 70.6abc 69.5abc 67.4ab 72.1bc 

Pre grazing 
herbage mass 
(kg DM/ha) 

Lucerne 1545a 1947b 2495cd 2730d 2382c 

300.6 0.009 0.101 <0.001 0.868 <.001 0.202 
Ryegrass 1443a 1645a 2458cd 2239bc 2414cd 

Growth rate 
(kg DM/day) 

Lucerne 48 59 67 67 52        

Ryegrass 42 46 81 66 58        
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Figure 5.1: The effect of the previous herbage allowance on daily average intakes (DM 

kg/cow/day) for two different pasture types. 

 

Figure 5.2: The effect of the previous herbage allowance on daily average liveweight change 

(kg/cow/day) for two different pasture types. 
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Figure 5.3: The effect of the previous herbage allowance on pre grazing herbage mass (kg DM/ha) for 

both pasture treatments. 

5.3.3 Forage composition 

The bulk forage composition of pre-grazed herbage pasture was significantly different 

between pastures in all components (Table 5.3). Overall, lucerne had lower bulk forage ME 

(11.4 versus to 12.7 for perennial ryegrass MJ ME/kg DM), NDF (30.3 vs 42.0%) and CHO 

(11.9 vs 30.9%), but higher crude protein (24.1 vs 11.5%) and ADF (24.9 vs 23.2%). Crude 

protein for both lucerne and ryegrass pasture decreased linearly from low to high allowance, 

while ME, NDF and ADF all decreased linearly in lucerne treatment only.  
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Table 5.3: Pre-grazed forage composition of perennial ryegrass and lucerne at previous 

different allowance rates (kg/DM/cow/day) in late spring. The significance of effects of 

pasture type (P), herbage allowance (A), the interaction (P x A) and the linear and quadratic 

effects of herbage allowance are shown. Means within a row that have different superscripts 

are significantly different according to LSD (P<0.05). 
  Herbage Allowance (kg DM/cow/day)  Significance Linear Quadratic 
 

Pasture 20 30 40 50 60 LSD P P x 
A A P x 

A A P x 
A 

 ME 
(MJME/day) 

Lucerne 11.9b 11.9b 11.2a 11.3ab 10.8a 

0.62 <0.001 0.02 0.053 0.02 0.9 0.72 
Ryegrass 12.6c 12.7c 12.6b 12.9c 12.9c 

 Crude 
Protein 

% 

Lucerne 27.9e 25.9de 23.1ed 25.6cd 21.0c 

3.38 <0.001 0.5 <0.001 0.13 0.15 0.67 
Ryegrass 14.2b 11.8ab 11.2ab 9.68a 10.7a 

 NDF 
% 

Lucerne 25.5a 27.4a 32.1cd 30.6bc 36.0d 

4.16 <0.001 0.01 0.001 <.001 0.76 0.59 
Ryegrass 41.7e 42.2e 42.8e 41.7e 41.5e 

 ADF 
% 

Lucerne 21.9a 22.8ab 23.02ab 25.4bcd 28.3d 

3.22 0.02 0.07 0.004 0.006 0.87 0.83 
Ryegrass 22.8ab 23.5abc 23.5abc 22.9ab 23.3abc 

CHO 
% 

Lucerne 10.8a 13.3a 11.4a 13.1a 10.9a 

5.98 <0.001 0.41 0.06 0.06 0.25 0.91 
Ryegrass 26.6b 29.6bc 30.6bc 35.1bc 32.8c 

 
There was a significant effect on diet ME, CP, NDF and CHO selected between pasture types 

(Table 5.4). However there was an interaction between the previous herbage allocation and 

pasture types in diet ME (P=0.036) and NDF (P=0.02). Diet ME increased by 1 MJ ME/kg 

DM from 20 to 60 kg DM previous herbage allowance for cows grazing perennial ryegrass, 

while diet ME decreased 0.67 MJ ME/kg DM in the lucerne treatment. NDF increased in 

lucerne from 21-29% while there was no increase in perennial ryegrass. Lucerne showed 

greater selection differentials in ME, NDF, ADF and CHO compared to perennial ryegrass. 

These were consistent across all previous herbage allowance Table 5.4.  
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Table 5.4: Average diet selection of dairy cows offered perennial ryegrass and lucerne at 

different previous herbage allowances (kg DM/cow/day) in late spring. The significance of 

effects of pasture type (P), herbage allowance (A), the interaction (P x A) and the linear and 

quadratic effects of previous herbage allowance are shown. Means within a row that have 

different superscripts are significantly different according to LSD (P<0.05). 
 

 Herbage Allowance (kg 
DM/cow/day) Previous trial  Significance Linear Quadratic 

 
Pasture 20 30 40 50 60 LSD P P x 

A A P x 
A A P x 

A 
Diet ME 

(MJ 
ME/day) 

Lucerne 12.7abc 13.5cd 12.2sb 12.2ab 12.0a 

1.14 0.003 0.036 0.929 0.009 0.78 0.333 
Ryegrass 13.0abcd 12.9abcd 13.3bcd 13.3bcd 14.0d 

Diet Crude 
Protein 

% 

Lucerne 30.6d 30.0d 26.0cd 24.4c 24.0c 

5.1 <0.001 0.740 <0.001 0.536 0.189 0.45 
Ryegrass 17.3b 13.0ab 11.8a 11.0a 11.4a 

Diet NDF 
% 

Lucerne 21.0b 17.7a 25.4b 25.0b 28.9c 

6.7 <0.001 0.02 0.16 0.006 0.59 0.13 
Ryegrass 37.7d 40.3d 38.9d 38.7d 34.3cd 

Diet ADF 
% 

Lucerne 18.4ab 15.6a 21.0b 21.1b 22.6b 

4.99 0.438 0.072 0.21 0.027 0.756 0.316 
Ryegrass 20.2ab 22.3b 20.7b 20.7b 18.9ab 

Diet CHO 
% 

Lucerne 11.9a 15.4ab 12.6a 14.5ab 12.5a 

10.8 <0.001 0.32 0.04 0.047 0.63 0.87 
Ryegrass 24.7bc 29.1cd 33.6cd 34.8cd 39.3d 

 
Table 5.5: Average diet selection differentials of dairy cows offered perennial ryegrass and 

lucerne at different previous herbage allowances (kg DM/cow/day) in late spring. The 

significance of effects of pasture type (P), herbage allowance (A), the interaction (P x A) and 

the linear and quadratic effects of previous herbage allowance are shown. Means within a row 

that have different superscripts are significantly different according to LSD (P<0.05). 
 

 Herbage Allowance (kg DM/cow/day) 
Previous trial  Significance Linear Quadratic 

 
Pasture 20 30 40 50 60 LSD P P x 

A A P x 
A A P x 

A 

ME 
(MJME/day) 

Lucerne 1.06ab 1.13c 1.09abc 1.08ab 1.11bc 

0.07 0.003 0.321 0.137 0.428 0.760 0.335 
Ryegrass 1.03a 1.02a 1.05ab 1.03a 1.09abc 

Crude 
Protein 

% 

Lucerne 1.09ab 1.16ab 1.12ab 1.08ab 1.14ab 

0.16 0.724 0.181 0.189 0.145 0.63 0.585 
Ryegrass 1.22b 1.10ab 1.05a 1.14ab 1.03a 

NDF 
% 

Lucerne 0.82b 0.65a 0.78ab 0.82b 0.80ab 

0.17 0.002 0.180 0.63 0.81 0.95 0.150 
Ryegrass 0.91b 0.95b 0.91b 0.93b 0.83b 

ADF 
% 

Lucerne 0.84b 0.68a 0.80ab 0.83ab 0.80ab 

0.16 0.008 0.184 0.570 0.305 0.851 0.194 
Ryegrass 0.89b 0.95b 0.88b 0.91b 0.81ab 

CHO 
% 

Lucerne 1.09abc 1.16c 1.10bc 1.10bc 1.14bc 

0.17 0.025 0.330 0.050 0.100 0.940 0.980 
RyegRass 0.92a 0.98ab 1.09abc 0.99abc 1.14bc 

5.3.4 Milk  

There was no significant difference in milk production (litres/day). There was a change in 

milk composition with milk protein percentage in the lucerne treatment increasing 
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significantly from 2.8 to 3.1 as previous herbage allowance increased from 20 to 60 kg DM 

herbage allowance Table 5.6 

Table 5.6: Milk yield, milksolid yield and composition of dairy cows offered perennial 

ryegrass and lucerne at different previous herbage allowances (kg DM/cow/day) in late 

spring. The significance of effects of pasture type (P), herbage allowance (A), the interaction 

(P x A) and the linear and quadratic effects of previous herbage allowance are shown. Means 

within a row that have different superscripts are significantly different according to LSD 

(P<0.05). 
 

 Herbage Allowance (kg DM/cow/day) 
previous trial  Significanc

e Linear Quadratic 
 Pastur

e 20 30 40 50 60 LS
D P P x 

A A P x 
A A P x 

A 

Milk Yield 
(l/cow/day) 

Lucerne 21.26a

b 
21.80a

b 24.27b 22.09a

b 
21.47a

b 
4.10 0.50

3 
0.73

5 
0.27

9 
0.38

7 
0.14
9 

0.70
7 Ryegras

s 19.62a 21.59a

b 
21.75a

b 
22.69a

b 
22.21a

b 

Milksolids 
(kg/cow/day

) 
 

Lucerne 1.50a 1.69ab 1.78b 1.58ab 1.65ab 

0.28 0.93
6 

0.74
6 

0.35
7 

0.88
3 

0.15
3 

0.53
7 Ryegras

s 1.60ab 1.56ab 1.75ab 1.67ab 1.66ab 

Milk fat % 
Lucerne 4.51abc 4.72abc 4.62abc 4.31a 4.62abc 

0.58 0.42
6 

0.08
8 

0.25
6 

0.46
5 

0.85
5 

0.84
8 Ryegras

s 5.05bc 4.22a 5.07bc 4.49ab 4.48ab 

Milk protein 
% 

Lucerne 2.81a 2.91ab 3.07abc 3.09bc 3.13bc 

0.27 0.32
2 

0.17
2 

0.07
6 0.05 0.64

7 
0.13

8 Ryegras
s 3.31c 3.07abc 3.18bc 3.17bc 3.24c 

Milk lactose 
% 

Lucerne 4.34abc 4.35abc 4.32abc 4.32abc 4.38c 

0.15 0.94
6 

0.94
4 

0.77
4 

0.47
5 

0.24
2 

0.75
7 Ryegras

s 4.38bc 4.39c 4.30ab 4.29a 4.37bc 

Milk fat 
kg/cow/day 

Lucerne 0.83a 1.02a 1.03a 0.89a 0.96a 

0.18 0.89
0 

0.59
6 

0.90
5 

0.98
9 

0.20
3 

0.67
4 Ryegras

s 0.94a 0.89a 1.05a 0.92a 0.94a 

Milk protein 
kg/cow/day 

Lucerne 0.60a 0.66ab 0.74b 0.69ab 0.69ab 

0.12 0.74
4 

0.81
7 

0.05
7 

0.79
4 

0.24
2 

0.30
1 Ryegras

s 0.65ab 0.67ab 0.69ab 0.70ab 0.72ab 

Milk lactose 
kg/cow/day 

Lucerne 0.94a 0.99a 1.05a 0.97a 0.97a 

0.19 0.40
6 

0.91
5 

0.43
5 

0.66
1 

0.30
7 

0.68
3 Ryegras

s 0.88a 0.98a 0.95a 0.94a 0.98a 

Liveweight 
change 

(kg/cow/day
) 

 

Lucerne 0.61b 0.35b 0.40b 0.19b 0.28b 

0.78 0.10
9 

0.06
7 

0.18
8 

0.01
1 

0.54
4 

0.22
9 Ryegras

s -0.68a 0.14b 0.15b 0.37b 0.42b 

 

5.3.5 Liveweight  

There was an opposite relationship in liveweight change and utilisation between pasture type 

and the previous herbage allowance. The perennial ryegrass the relationship with previous 

herbage allowance was positive, increasing from -0.68 to 0.42 kg/cow/d. Lucerne decreased 

from 0.61 to 0.28 kg/cow/d from previous herbage allowance of 20 to 60 kg DM/cow/d Table 

5.6).  
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5.4 Discussion 

5.4.1 DM intake 

There were contrasting effects of previous post-grazing height on apparent DM intake for 

lucerne and perennial ryegrass. For perennial ryegrass there was a positive relationship with 

average apparent DM intake increasing from lowest to highest previous herbage allowance by 

3 kg DM/cow/day while lucerne showed a negative relationship decreasing by 0.031 kg 

DM/kg previous herbage allowance. Previous studies have noted reduced DM intake from 

pastures that have been laxly grazed in the previous grazing cycles (Michell et al., 1987). This 

is thought to be associated with the barrier of stem that builds up and a rejection of poor 

quality herbage from previous high residual herbage mass. The reasons for the positive 

relationship in perennial ryegrass compared to results from Michell, et al., (1987) is unclear 

but may reflect the lower pre grazing masses (<2000 kg DM/ha) from previous herbage 

allowances below 40 kg DM/cow/day. When allocating above ground level herbage 

allowance’s, the lower the pre-grazed herbage mass the lower the utilisation (cows grazing 

down to 1000 kg DM/ha post-grazing herbage mass are only utilising 50%).  As pre-grazing 

herbage mass increased from previous high allowance rates (>40 kg DM/cow/day), utilisation 

increased because more of the allocated 30 kg/cow/day was accessible (3000 kg DM/ha to 

1000 kg DM/ha is 66% utilisation). The decreasing trend in lucerne may be due to NDF in the 

pre bulk forage increasing with herbage mass as shown in Table 5.3 . As this happened so too 

did the ability of the animals to utilise all of the plant and voluntarily only grazed down to 10 

cm. Because of the restricted allocation (30 kg DM/cow/day) they were still forced to eat into 

the unpalatable section of the stem reducing diet quality as well (Table 5.4).  

Lucerne had the highest re-growth rates of 48 and 59 kg DM/ha/day compared to 42 and 46 

kg DM/ha/day for perennial ryegrass following hard grazing (20 and 30 kg DM/cow/day 

previous herbage allowances). This resulted in increased herbage mass for the lucerne 

pastures compared to perennial ryegrass following hard grazing. The post-grazing herbage 

mass was also lower in lucerne than perennial ryegrass despite being grazed to similar heights 

(6-7 cm). This is due to the low number of individual shoots compared to perennial ryegrass 

pastures which are formed from the collective mass of thousands of tillers per m2 (5,000-

20,000) (Matthew et al., 1996). The higher pre-herbage grazed mass and lower post-grazed 

herbage mass resulted in 79% utilisation of lucerne compared to 68% for perennial ryegrass at 

20 kg DM/cow/day previous herbage allowance, and increased intake (Table 5.2). 
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5.4.2 Diet quality 

The previous herbage allowance and post-grazing herbage mass significantly affected herbage 

quality in this trial. However, this was dependent on pasture type, with lucerne quality being 

more affected by previous herbage allowance than perennial ryegrass. The regrowth from the 

post-grazing herbage mass in the perennial ryegrass treatment were of similar quality and 

there was no difference in ME values from the different previous herbage allowance rates.  

This result from this trial are different to earlier work where Mayne, et al., (1988) stated 

digestibility was increased as a consequence of increased grazing intensity.  Mayne, et al., 

(1988) reported the regrowth mass containing higher proportions of grass leaf and a lower 

proportion of grass stem and dead material than regrowth from low grazing intensity pastures 

(Hoogendoorn et al., 1992; Michell et al., 1987). The reason for the different results in this 

study may be due to the increase in herbage growth rates and herbage mass of perennial 

ryegrass treatments at previous allowances above 40kg DM/cow/day. The increased herbage 

mass meant they rejected the dead material at the base of the sward and only grazing the green 

leaf in the top horizons, increasing the quality of diet consumed. This was similar to Michell, 

et al., (1987) who found that digestibility between perennial ryegrass regrowth from different 

post-grazing herbage mass had similar digestibility due to larger green leaf mass, despite large 

differences in the dead material present. They also stated that the cows would reject dead 

material and sacrifice intake to maintain diet quality. If the growth rates from the previous 

trial and the pre-grazed herbage mass had been similar, the increase in dead material (>40 kg 

DM/cow/day previous herbage allowance) would have not been diluted by an increase in 

green leaf mass and the quality of their diet would have been reduced.  

Lucerne, on the hand decreased in regrowth quality (ME and CP, NDF) from the lowest to 

highest previous herbage allowance. Despite there being no previous work on herbage 

regrowth quality in lucerne, this result was not expected. Our hypothesis was that the  new 

lucerne growth would come from the crown and the stubble would support shoot growth by 

supplying growth substrates from the assimilatory and remobilization processes, and 

eventually die thereby entering into the dead matter pool (Korte & Sheath, 1979). However, at 

post-grazing height >10 cm the old stems developed new shoots rather than supporting new 

growth at the crown. This was shown by the findings that there was no difference in dead 

material in the pre-grazed herbage mass between previous herbage allowance treatments 

(Table 5.1). The second factor was the increase in pre grazing herbage mass from the previous 

allowances above 40 kg DM/cow/day (Figure 5.3). The increase in the NDF fraction of stem 

reduced overall digestibility and crude protein.  
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5.4.3 Milk composition and production 

Three was no difference in milk yield or milksolids between pasture treatments or previous 

herbage allowances (Table 5.6). This occurred despite differences in apparent intake and diet 

selection. The lack of an effect of previous herbage allowance may reflect that (1) differences 

in DM intake and diet quality were negligible and insufficient to cause differences in milk 

production, or (2) that energy may have been partitioned away from milk production. For 

example, in lucerne, liveweight gain was 0.68 kg/cow/day at 20 kg/cow/day herbage 

allowance compared to -0.61 kg/cow/day on perennial ryegrass. 

The lack of an effect of previous grazing management on milk production has been shown 

previously. Both Hoogedoorn et al., (1992) and Fulkerson and Michell (1987), reported that 

lowering the herbage allowance and increasing the grazing intensity had no effect on milk 

production in the spring, however increased milk production in the summer due to the greater 

digestibility of the pastures. So despite there being no difference in the effect of different post 

grazing herbage mass on the quality of the regrowth after one rotation for ryegrass, repeating 

the herbage allowance trial may have had an impact later in season on milk yield with 

increasing amounts of dead material contributing to the degradation of pasture quality. 

Peyraud et al., (2004) also demonstrated that grazing leniently in the spring to increase DM 

intakes and cow performance, resulted in the deterioration of sward quality in mid-late season 

and also a sharp reduction in the animal performance in subsequent grazing rotations. 

In lucerne, the regrowth from the low pasture residual herbage mass not only had the highest 

DM intake but also the best quality regrowth. This was not reflected in milk production as the 

extra energy was partitioned into liveweight gain; however it is likely to be of benefit later in 

the season. Liveweight gain showed a negative linear relationship with previous herbage 

allowance in the lucerne treatments, which correlates with the reduction in diet energy and 

protein values. The perennial ryegrass treatments had an opposite relationship increasing in 

liveweight with previous herbage allowance which is related to greater DM growth rates, pre 

herbage mass and actual herbage allowances which meant that at similar utilisation they 

would achieve greater intakes. 

Consistent with Chapter 3 and 4, there was little effect of pasture type on MS production. This 

most probably reflects greater partitioning to liveweight gain of any extra energy consumed 

from the increase in diet quality in perennial ryegrass compared to lucerne at high previous 

herbage allowances and increased DM intakes of dairy cows grazing lucerne at low previous 

herbage allowances compared to perennial ryegrass.  
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    Chapter 6 
Herbage yield, seasonal growth rates, botanical 

composition and nutritive value of fully irrigated lucerne 
and perennial ryegrass pastures over two years 

6.1 Introduction 

Dairy farming in Canterbury is intensive with large inputs from supplementary feed, irrigation 

and the majority of cows wintered off the milking platform (Dynes et al., 2010). The main 

pasture type used is a binary mix of perennial ryegrass and white clover which peaks in dry 

matter production during spring (Kemp et al., 1999b). Dairy farms in Canterbury have 

increased stocking rates to match peak pasture growth in the spring. However, the SR 

required to achieve this often results in deficits at other times of the year (Roche & Reid, 

2012) as pasture production and quality even under full irrigation declines after this period. 

Most of the research collected regarding herbage quality variation in perennial ryegrass 

pastures and the impact on lactating dairy cows has been done in the Waikato (Moller et al., 

1996). There is very little information on seasonal pasture quality under irrigation in 

Canterbury, and even less for alternative plant species. 

Lucerne is considered an alternative option to perennial ryegrass-white clover pastures in dry 

land environments because it has a deep tap root, which increases the amount of plant 

available water (Moot et al., 2008). Furthermore, through N fixation in lucerne there is an 

opportunity to reduce artificial N use (Brown et al., 2003). It appears, however, that soil type 

has a large part to play in determining the productivity gains under limited irrigation. In a 

dryland situation on a shallow soil (with 30 cm top soil overlaying gravel), lucerne was less 

productive than perennial ryegrass due to the greater ability of perennial ryegrass to produce 

biomass in the cool season (Michel et al., 2014). The limited depth of the soil meant that the 

advantages of larger root systems were diminished. In the same trial, under frequent and 

infrequent irrigation lucerne had similar DM yields to perennial ryegrass once established 

(Michel et al., 2014). Yields between 5-18 t DM/ha in this trial were well below yields 

reported (20-28 t DM/ha/year) on a Wakanui deep silt loam (Brown & Moot, 2004). 

On deeper soils with greater water holding ability the increase in lucerne production occurs 

from November-January when herbage growth rates of 70-100kg DM/ha/day are 40 kg higher 

than found for a range of irrigated pastures in Canterbury (Brown et al., 2005; Rickard & 
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Radcliffe, 1976). Combined with the consistently high quality throughout the season (Brown 

& Moot, 2004), there is potential for lucerne to be used on irrigated dairy farm as an 

alternative to perennial ryegrass-white clover mixtures.  

Previous comparisons in DM production and quality have been carried out between lucerne 

and diploid cultivars of perennial ryegrass (Mills & Moot, 2010), and there is very little data 

on the difference between tetraploid cultivars of perennial ryegrass and lucerne. Tetraploid 

cultivars are being used to greater extent on irrigated dairy farms, largely associated with their 

improved quality and later flowering.  

The objective of this trial was to compare seasonal and annual herbage DM production, 

herbage quality and botanical composition of tetraploid perennial ryegrass and lucerne under 

irrigation on a silt loam soil. The aim was to provide necessary information to help model 

milk production from irrigated dairy farms in Canterbury, New Zealand.  
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6.2 Materials and Methods 

6.2.1 Experimental site and design  

The trial was conducted within large plots of a perennial ryegrass-white clover and lucerne (c. 

4.5 ha of each) located at the Lincoln University Research Dairy Farm in Canterbury, New 

Zealand (43°38’S, 172°27’E). The trial was conducted from April 2012 to May 2014. 

The experiment was located on a Paparua silt loam soil (Muleke et al., 2014) and contained 

two pasture treatments with four replicates. The entire area was sown into a mixture of 

tetraploid perennial ryegrass (cultivar Bealey) with NEA2 endophyte and white clover 

(cultivar, Kopu II) in spring in 2009 and was rotationally grazed with dairy cows until the 

start of the trial. The entire area was grazed as 8 paddocks each 1.5 ha during this period. In 

February 2012, 4 paddocks were randomly assigned to be sown with lucerne (cultivar Force 

Four). On 10 January, the four plots assigned to lucerne were sprayed with glyphosate (2 L/ha 

with 200 litres of water), ploughed and cultivated. Super phosphate was applied at 250 kg/ha 

before lucerne was sown using a roller drill and was sown on the 15th of February 2012 under 

centre pivot at 10 kg/ha. In April 2012 Haloxyfop-P (250mg/100 litres) was applied to control 

Annual Poa (Poa annua sp) and a month later 65 g/ha of Flumetsulam was applied to lucerne 

and ryegrass paddocks for broadleaf weed control. The following spring (20th August 2012) 

the lucerne paddocks including the experimental plots had 1.5 l/ha of flowable Simazine (500 

g/L of Simazine as active ingredient-applied with 200 l water/ha) applied to them to control 

spring broadleaf weed germination. 

Within each of the four 1.5 ha paddocks of lucerne and perennial ryegrass, one 6 x 6 m plot 

was set up using waratahs and polytape. This was done to make sure that the animals grazing 

the paddocks during trials from chapters 3, 4, 5 could not graze the designated DM harvesting 

area. Within each of the four replicates the lucerne and perennial ryegrass plots were located 

so they mirrored each other across the boundary fence, so as to reduced soil type variation 

across pasture treatments. All plots were fully irrigated (330 mm/year) by centre pivot 

irrigation and received on average 355mm of effluent per year. The average seasonal 

distribution of irrigation was 125 mm in spring, 155 mm in summer and 45 mm in autumn.  

All perennial ryegrass, white clover pastures were fertilized with 40 kg N/ha as urea (46%N) 

one week post-harvest. The lucerne did not receive any N fertiliser. The total annual amount 

of N fertiliser used on the ryegrass pastures was 400 kg N/ha/yr. In the second season 

300kg/ha 30% potassic superphosphate fertiliser was applied to both the perennial ryegrass 

and lucerne plots every second harvest. This was to replace the levels of potassium and 
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sulphur available to the plants which had been removed from DM harvest. Soil test results 

from sample collected in September 2013 are shown in Table 6.1; these were collected with 

7.5 cm soil probe, with 20 samples per paddock. These were analysed by Hill laboratories, 

Christchurch. There was a difference in Olsen P levels between pasture and lucerne, although 

the critical values for perennial ryegrass are 20 and 22 µg/ml for a sedimentary and volcanic 

ash soil, respectively, reported by Roberts & Morton (1999). 

Table 6.1: Soil test results taken in September 2013 from 8 treatment plots at 75 mm depth. 

OTU=quick test units 

Pasture pH Olsen 
Sol. P 
ug/mL 

Calcium 

QTU 

Magnesium 

QTU 

Potassium 

QTU 

Sodium 

QTU 

Sulphate 
Sulphur 

ug/g 

Org. 
Sulphur 

ug/g 

Lucerne  6.1 30.0 10.5 17.5 10.3 5.5 5.5 6.3 

Ryegrass –
White clover 

6.4 19.8 11.0 17.8 8.5 7.3 5.3 6.3 

 

6.2.2 Meteorological data  

Mean monthly air temperature and rainfall data were collected from Broadfields 

meteorological station, situated less 2 km from the experimental site (43°62’s, 172°47’E). The 

historical monthly rainfall and average monthly air temperature represented with a dotted line 

in Figure 6.1, were averages from the 1981-2010 and were also collected from Broadfields 

meteorological station. Total average yearly rainfall was 666 mm/year which was higher than 

the long term average (598 mm/year). The summer period of 2012-2013 was hotter than usual 

with seventeen days in January with maximum temperatures over 25 °Cd. 
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Figure 6.1: Average monthly air temperature (°Cd) per month (bars) over the trial period. The 

dash line is the historical average air temperature (°Cd) from 1981-2010 

 

Figure 6.2: Average monthly rainfall (mm/month) over the trial period. The dotted line is the 

historical average rainfall from 1981-2010 

6.2.3 Dry matter production 

Within each of the eight 6 x 6 m plots, one strip (50 cm wide) of herbage was mown to 5 cm 

height using a rotary mower. This strip was alternated every harvest across the plot so the 

same area was not sequentially mowed. The fresh sample was collected in the catcher and 

weighed. A sub sample was taken from the catcher (100-200g) and weighed fresh before 

being placed in the drying oven at 65°C for 48 hours and re weighed. The dry weight of sub-

sample was divided by the fresh weight to obtain dry matter percentage. The harvested fresh 

weight of forage was multiplied by the DM % from the sub sample to calculate herbage yield. 

After the strip was harvested the plots were all cut to the same height. 
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The frequency of harvest was between 25 and 63 days over the year depending on daily 

herbage growth rates. During spring (September-October), the-cutting interval for ryegrass 

was at 30 days and 45 days for lucerne due to lucerne having slower growth rates in the 

spring; both were harvested at 23 to 34 days from December to March. The frequency 

extended to 49 days from March to May for both perennial ryegrass and lucerne. The cutting 

interval was the same over winter (63 days); however, the first cut in July for the lucerne plots 

had very low DM yield compared to perennial ryegrass plots. 

Average daily herbage growth rates were calculated by dividing the harvested DM yield by 

the number of days since the previous harvest. If the harvest did not fall at the start or end of 

the month the average daily growth rate per month was calculated using the average of two 

growth rates, weighted for the amount of days they contributed to the total monthly yield. DM 

yield was also accumulated and calculated on a seasonal basis. Spring was defined as 

September, October, and November; summer as December, January, and February, autumn as 

March, April and May; winter as June, July and August. 

6.2.4 Botanical composition and quality 

Herbage samples were collected prior to each harvest in order to estimate the dry matter, 

botanical and chemical composition of the different treatment plots. A 400 g fresh weight 

herbage sample was taken to 3.5 cm using hand shears, prior to the herbage DM yield harvest. 

A sub sample was taken from this and sorted into lucerne, perennial ryegrass, white clover, 

dead material and weeds. All sub samples were oven dried at 65°C for 48 hours and the 

percentage of each component on a dry matter basis determined. 

A second subsample of approximately 200 g was taken for near-infared spectroscopy (NIRS) 

analysis. For perennial ryegrass, the whole sample was used. However, for the lucerne the 

sample was sorted into separate leaf and stem as well as a bulk sample (leaf and stem 

combined). All samples were frozen at -20°C. These subsamples were later freeze-dried and 

ground to 1 mm for analysis using NIRS (Feed and Forage Analyser, FOSS Analytical, 

Hilleroed, Denmark) for digestibility and organic matter digestibility, acid detergent fibre, 

water soluble carbohydrate, neutral detergent fibre, organic matter, crude protein and dry 

matter percentage. Metabolisable energy content (MJ ME/kg DM) of both grass and lucerne 

herbage ME was calculated using the equation recommended by CSIRO (2007):  

ME = 0.138DOMD – 2.577 
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6.2.5 Statistical analysis 

Treatment means for DM yield, botanical composition and herbage quality were analysed in 

GenStat (v.12) using a one-way ANOVA with pasture type as the treatment (two levels) and  

paddocks as replicates (Payne et al., 2009). Results were  averaged within seasons (spring 

2012, summer 2012-13, autumn 2013,  winter 2013, spring 2013, summer 2013-14 and 

autumn 2014) for DM yield, botanical composition and herbage quality and then analysed 

using repeated measures in Genstat (v.12). This allowed us to compare across seasons, by 

pasture treatment. Results were declared to be significant at P < 0.05.   
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6.3 Results 

6.3.1 DM production 

There was no significance between pasture types in total annual DM yield P>0.05.  Total DM 

yield over the experimental period (both seasons) was 8.1% higher in the lucerne plots 

(35,059 kg DM total compared to 32,404 kg DM for perennial ryegrass) although the effect 

was not significant (P>0.05).. Annual DM was 18,483 t DM/ha for lucerne and 17,626 t 

DM/ha for perennial ryegrass-white clover (P>0.05). The only seasonal difference in DM 

yields was in summer in season 2012-2013 with greater DM yield in lucerne (Table 6.2).  

Table 6.2: Seasonal and total yield over the experimental period for both lucerne and ryegrass 

pastures. Means that have different superscripts are significantly different according to LSD 

(P<0.05). 

Season Season Lucerne Ryegrass 

2012-2013 Spring  4,641de 5,802ef 

 Summer  8,171g 4,273cde 

 Autumn  3,840cd 3,474bcd 

 Winter  1,581a 2,237ab 

2013-2014 Spring  6,689fg 6,555fg 

 Summer  8,010g 7,086fg 

 Autumn  2,126ab 2,977abc 

 LSD for seasons 1,547  

 P value <0.05  

 

Herbage growth rates differed on a monthly basis. Perennial ryegrass had greater herbage 

growth rates from April through to October. Lucerne had higher growth rates from November 

to March in both years averaging 18.6 kg DM/day more and 2,795 kg DM total over that 

period. The largest differences in growth rates were in January and February when lucerne 

grew at 52 kg DM per day more than perennial ryegrass, although total yield was not affected 

(Figure 6.3) 
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Figure 6.3: Average monthly growth rates kg DM/ha/day of lucerne (dark grey lines) and 

perennial ryegrass-white clover (light grey lines). LSD for treatments over time for the 

experimental period was 12.3 kg DM/ha/day 

6.3.2 Botanical composition 

The percentage of sown species was significantly higher (P<0.05) in lucerne than perennial 

ryegrass white clover. Lucerne averaged 89% of total composition compared to 77% in 

perennial ryegrass and white clover. Dead material averaged over the entire trial was 

significantly different between lucerne and ryegrass (P<0.05) and was 2.8% in lucerne 

compared to 7.1% in ryegrass. There was also a significant effect of sampling date on the 

percentage of dead material. For both lucerne and perennial ryegrass, the highest percentages 

of dead material were in winter with 8% and 20.4% respectively (Figure 6.4 and Figure 6.5). 

There was significant difference (P>0.05) in the percentage of dicot weed or grass weed 

between lucerne and perennial ryegrass. The clover percentage in the perennial ryegrass was 

significantly greater than in lucerne in the first season (Figure 6.4 and Figure 6.5) averaging 

12.1% versus 1.7% in summer and 17.4% versus to 1.2% in autumn. In lucerne the clover 

percentage was greatest in the final cuts of the experiment in autumn 2014 at 11% (Figure 6.4) 

compared to 2.9% for the perennial ryegrass. 
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Figure 6.4: Seasonal botanical composition (percentage of dry weight) for lucerne over the 

entire trial 

 

 

Figure 6.5: Seasonal botanical composition (percentage of dry weight) for perennial ryegrass 

white clover pastures over the entire trial 

6.3.3 Quality  

There was a significant effect (P<0.001) of pasture treatment and interaction of pasture 

treatment and sampling date for ME. Averaged over the entire measurement period, ME of 

herbage samples to 3.5 cm was higher (P<0.001) in perennial ryegrass (12.2 MJ ME/kg DM) 

than lucerne (10.9 MJ ME/kg DM). The highest ME occurred in spring 2012 for perennial 

ryegrass (12.7 MJ ME/kg DM), and the lowest ME was in summer 2013 for both lucerne (9.2 

MJ ME/kg DM) and perennial ryegrass (11.8 ME MJ/kg DM) (Figure 6.6). 

In the lucerne treatment there was a trend of decreasing ME from early spring into late spring 

(November) and summer before recovering in autumn in 2013 (Figure 6.6). However, in the 
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following season, the ME value was the highest in December (12.2 MJ ME/kg DM) which 

resulted in summer values being similar to spring and autumn values (Figure 6.6). 

Perennial ryegrass and white clover followed a similar trend to lucerne, decreasing in ME 

from spring to summer (Figure 6.6) in both seasons.  

 

Figure 6.6: The metabolisable energy (MJ ME/kg DM) of lucerne (dark grey) and perennial 

ryegrass white clover pastures (light grey) throughout trial. Error bar represents least 

significant difference for the interaction of pasture type and season 

There was a significant effect (P<0.001) of the pasture x sampling date interaction for CP. 

Averaged over the entire trial, CP was higher in lucerne (22.9%) than perennial ryegrass 

(16.3%). The highest values for CP occurred in early spring with values of 25.9% and 22.5% 

for lucerne and ryegrass respectively. The lowest values were in winter 2013 for lucerne 

(15.1%) and summer 2012-2013 for perennial ryegrass (11.8%) (Figure 6.7). 

CP decreased in lucerne from early spring to late spring/early summer (November, December, 

and January) before recovering into autumn (February, March). In perennial ryegrass CP % 

decreased from spring in both years to late spring (November) and summer. In 2013-2014 

there was no significant difference in CP in perennial ryegrass from late spring onwards 

(Figure 6.7).  

The opposite trend was observed in the NDF for lucerne, increasing to a maximum of 47.8 % 

in summer then decreasing in both years through autumn (Figure 6.8). Perennial ryegrass 

increased to a maximum of 47.7% in summer 2012-2013. NDF was lowest in early spring 

2013 (33.7%) for the lucerne and in spring 2012 (41.1%) for perennial ryegrass. 
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Figure 6.7: Crude protein percentage of lucerne (dark grey) and perennial ryegrass white 

clover pastures (light grey) throughout trial. Error bar represents least significant difference 

for the interaction of pasture type and season 

 

Figure 6.8: Neutral detergent fibre percentage of lucerne (dark grey) and perennial ryegrass 

white clover pastures (light grey) throughout trial. Error bar represents least significant 

difference for the interaction of pasture type and season 

In lucerne there was a negative relationship (r2=0.6) between MJ ME/kg DM and herbage 

mass (Figure 6.9).  
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Figure 6.9: The relationship between MJ ME/kg DM and herbage mass (kg DM/ha) of 

lucerne samples. Solid line is the linear regression analysis between the 14 samples (r2=0.6)   
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6.4 Discussion 

6.4.1 Dry matter yield 

6.4.1.1 Annual dry matter yield 
Under irrigation, average annual DM yield was 4.8% higher in lucerne (18,483 kg DM/ha) 

than perennial ryegrass (17,626 kg DM/ha) although this effect was not significant. The 

Paparua silt loam soil type that the trial was located on is considered a shallow soil with low 

potential available water capacity (<75 mm), (Proposed Natural Resources Regional Plan, 

2005). Previous research has shown that annual DM yield of lucerne and perennial ryegrass is 

similar (18.6 t DM/ha) on shallow soils once established under full irrigation (Michel et al., 

2014). The results from Michel et al., (2014) were on an Eyre silt loam with 490 mm of 

irrigation applied in the second year. Shallow soils can limit the amount of water available to 

both lucerne and perennial ryegrass reducing the benefits of the larger root system of the 

lucerne plants. Under limited irrigation the cooler season biomass production of the ryegrass 

and greater associated WUE can result in higher yields (Michel et al., 2014). 

In other previous studies (Douglas, 1986) there had been a significant DM yield advantage of 

lucerne over perennial ryegrass. Brown et al., (2005)    reported DM yields of 15-20 t DM/ha 

under dryland conditions. Brown et al., (2004) reported higher DM yields (15-28 t DM/ha) 

under irrigation (400 mm irrigation) compared to perennial ryegrass DM yield of (15-18 t 

DM/ha/year) on similar soil types in an adjacent trial. These trials were done on deep soils 

(75-110 mm PAW) where the larger root system of lucerne could extract more water 

regardless of irrigation treatment or frequency. 

6.4.1.2 Mean daily growth rate 
Although total annual yield did not differ there were differences in monthly growth rates 

between species. Herbage growth rates were greater in ryegrass than lucerne in early spring 

(October), with ryegrass averaging 87.6 kg DM/ha over two seasons compared to 61.1 kg 

DM/ha for lucerne (Figure 6.3). There has been very little data on comparative growth rates 

between irrigated perennial ryegrass and lucerne. The higher herbage growth rate of ryegrass 

is most likely due to lower optimum temperatures and also the initiation of its reproductive 

phase coinciding with rapid stem elongation and a ‘flush’ of growth (Kemp et al., 1999a). The 

slower growth in lucerne during early spring is due to its greater temperature requirements but 

can also be attributed to seasonal changes in the allocation of DM between roots and shoots. 

This delay’s the maximum DM growth rates for lucerne pastures compared to perennial 

ryegrass (Murray-Cawte, 2013). During the trial of Murray-Cawte (2013) maximum average 

growth rates for the perennial ryegrass pastures were 103 kg DM/day in November at a range 
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of irrigation treatments. This was slightly higher than recorded in our trial and on average 36 

days earlier than lucerne treatments which ranged from 136 kg DM/day under full irrigation 

to 50 kg DM/day with no irrigation (Murray-Cawte, 2013). 

The lucerne treatment had increased growth rates from November to March averaging 18.6 kg 

DM/ha/day and 2,795 kg DM/ha more in total over that period . The maximum growth rates 

for lucerne treatments were 95.3 kg DM/ha/day in January in both seasons (Figure 6.3). The 

increase in lucerne production was similar to what was reported in Brown (2005) from 

November-January when growth rates of 70-100kg DM/ha/day are 40 kg higher than found 

on a range of irrigated pastures in Canterbury (Brown et al., 2005; Rickard & Radcliffe, 

1976). In our trial, under full irrigation the reasons for the greater growth are likely the higher 

optimum temperature of the lucerne plants with lucerne at 30°C and ryegrass at 24°C (Brown 

et al., 2005b). 

This difference in growth rates was greater in the summer of 2013. Growth rates in January 

and February were on average 52 kg DM/ha/day higher in the lucerne. This was due to 

temperatures exceeding 25°C seventeen times in January-February 2013 compared to eight 

times in January and February in 2012. Therefore temperatures above 25°C reduced the 

growth rate (kg DM/ha/d) for perennial ryegrass while lucerne continued to grow at an 

optimum temperature up to 30°C.  Murray-Cawte (2013) found lucerne had maximum mean 

daily growth rate of 136 kg DM/day, and all lucerne regardless of irrigation frequency 

reached their maximum growth rates in late December/January which is similar to the results 

presented above. 

Despite similar temperatures, growth rates in autumn were lower for lucerne in autumn than 

spring (Figure 6.3). Autumn shoot growth is reduced because of increasing assimilate 

partitioning to roots as plants replenish reserves for overwintering and spring regrowth (Moot 

et al., 2003). This would explain why the lucerne pastures decreased in growth rates below 

ryegrass treatments from April onwards as temperatures also began to drop. 

6.4.2 Botanical composition 

Lucerne averaged 88% of total composition compared to ryegrass and white clover 77% and 

dead material was 2.6% in lucerne compared to 6.6% in perennial ryegrass. There was also a 

significant effect of time on the percentage of dead material. The increase in dead material 

over the summer months in the perennial ryegrass treatments (Figure 6.5) was due to an 

increase in temperature (Figure 6.1) and senescence over this time. While there were still 

increases in dead material in the lucerne herbage, there was no consistent pattern of dead 
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material increasing within a particular season. This is in part due in part to the morphological 

and physiological properties of both plants. Ryegrass leaf maturity and eventually senescence 

occurs at the initiation of a fourth leaf on a tiller (Moot et al., 2007). In summer increasing 

temperatures accelerate leaf appearance. Lucerne plants do not have the same continuous 

cycling of leaf appearance and death, however shading from canopy closure can result in leaf 

death at the bottom of the sward although this appeared to have little effect. 

The percentage of weeds, mainly shepherds purse, dock and daisy were greatest in 

November/December 2012 for both species averaging 13.5 and 18.7% for the lucerne and 

ryegrass treatments, respectively. This was due to limited spray options available to control 

annual weeds in the first year of establishment for lucerne. For both species the dicot weed 

percentage increased towards to the end of trial (8.2 and 9.3% for lucerne and ryegrass 

treatments, respectively), suggesting low persistence of ryegrass and lucerne species under 

this cutting regime. This was confirmed by the increase in self-seeded white clover in the 

lucerne treatment in the final cut of the trial, with the composition containing 16% clover and 

the percentage of lucerne falling down to 74%. Perennial ryegrass is more likely to out persist 

lucerne and although lucerne maybe productive for 2-5 years, eventually productivity will fall 

(Hayman, 1985). 

6.4.3 Quality 

For herbage samples taken to 3.5 cm the ME values were higher in perennial ryegrass (12.2 

MJ ME/kg DM) than lucerne (10.9 MJ ME/kg DM) and also differed over the length of the 

trial (Figure 6.6). This result was an even greater difference than previous work by Mills and 

Moot (2010), which showed lucerne to be 0.3 MJ ME/kg DM lower on average than perennial 

ryegrass, which my reflect the difference in sampling height between the two studies. 

During the year the greatest differences in ME was in summer 2012/13 with perennial 

ryegrass 2.5 MJ ME/kg DM higher than lucerne. The difference was created as lucerne 

herbage growth rates and yield increased (Figure 6.9). Although there was a decrease in the 

perennial ryegrass quality from spring to summer (due to accumulation of dead material and 

the reproductive development (Figure 6.5) the effect on lucerne was greater over at time. The 

change in quality over the season inversely (r2=0.6) matched the seasonal dry matter 

production (Figure 6.9) for lucerne. As herbage mass increased the digestibility of the plant 

dropped as a greater proportion of the stem becomes unpalatable (Brown & Moot, 2004).  At 

the highest growth rates and herbage mass in January, February 2013 (100.7 and 102 kg 

DM/ha/day) the ME values were at their lowest (8.5 and 9.9 ME MJ/kg DM). Above 4 
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t/DM/ha the quality of the stem declines (Brown & Moot, 2004) and the percentage of stem 

that contributes to total herbage mass also increases. Because our herbage samples were 

collected at ground level stem lignification contributed to a decrease in overall sample quality 

during these months. 

The lucerne was on average was lower in NDF  than perennial ryegrass (37.7% compared to 

43.9%) which is similar to results found in Woodward et al., (2010). Woodward et al., (2010) 

showed levels of 40.9 % in lucerne compared to 49.3% in perennial ryegrass (Figure 2.14). 

This trial was in the Waikato under dryland environment so NDF % was expected to be 

higher. The result in our trial was due to the low spring (<34 %) and autumn (<36%), NDF 

levels in the lucerne which was cut at a lower herbage mass <2500 kg DM/ha (Figure 6.8) 

than in the summer months. At low herbage mass the stem remains palatable (average 11 ME 

and 37% NDF chapter 5) with Brown and Moot (2004) reporting lucerne palatability 

decreasing from 100% to 57% as herbage mass increased from 700 to 4300 kg DM/ha as 

lignification of the stem occurred. Because we were collecting samples below grazing height, 

the increase in unpalatable stem in summer diluted the overall pre grazing quality.  

The CP percentage was higher in lucerne (22.8 % compared to 16.7 for perennial ryegrass). 

This was similar to results found in Woodward et el., (2010) who reported a CP percentage of  

22.2% compared to 18.9% in perennial ryegrass (Figure 2.14). Results were also significant 

during the trial period with lucerne having higher CP levels in all seasons (Figure 6.7). This 

was expected as lucerne has proportionately less water soluble carbohydrates than grasses but 

a higher concentration of protein (Brown and Moot 2004). The largest differences in CP% 

between lucerne and perennial ryegrass were in the months that reproductive development 

and increased senescence reduced perennial ryegrass protein (<15%) and that also coincided 

with lucerne at low herbage mass (<2500 kg DM/ha). This is when lucerne had the highest 

digestibility and protein levels (>20%); evident in 2013/2014 season when herbage growth 

rates were lower (Table 6.2, Figure 6.7). 

In late spring and summer, ME declined considerably in lucerne (<10 MJ ME/kg DM) and 

was below the required levels for high performing dairy cows. However, as shown in Chapter 

4 and 5, dairy cows given adequate herbage allowances can preferentially select higher 

quality parts of both ryegrass and lucerne. In the Chapters 4 and 5, animals grazing lucerne 

were selecting a diet between 5-16% greater ME than was on offer, depending on the herbage 

allowance (20-60 kg DM/cow above ground). In contrast animals grazing perennial ryegrass 

had were selecting a diet 2-9% higher in quality than what was offered to ground level. So 

despite overall herbage digestibility being low in the lucerne, there is no detrimental effect on 



 111 

animal production given that herbage allowances are adequate.  Brown and Moot (2004) 

found similar results, as the DM yield increased the ME and crude protein of the palatable leaf 

and leaf fraction was unchanged. Brown and Moot (2004) demonstrated the cows in their trial 

ingested 80% total plant protein although only eating 57% of the plant (palatable section).  

For the perennial ryegrass however the low CP levels (particularly in the late spring during 

reproductive development) can have an effect on milk yield and milksolid production, with 

animals requiring CP levels above 18% to maintain milk production above 20 litres/cow/day 

(Kolver, 2000). Results in this trial were also supported results in Chapter 4 during the mid-

lactation period. The mid-Nov grazing trial was carried out in November when pasture quality 

due to reproductive development is low and perennial ryegrass CP levels were on average 

13.5% compared to 19.6% for the lucerne and milksoild production was only 1.8 compared to 

1.9 MS/cow/day respectively.  

6.4.4 Conclusions 

- Annual total DM was the same in lucerne pastures than ryegrass pastures under full 

irrigation. 

- Growth rates in the lucerne pastures increased from November- March averaging 18.6 

kg DM/day more 

- Perennial ryegrass quality was fairly consistent throughout the year, while lucerne 

quality declined considerably with an increase in herbage mass during times of peak 

herbage growth.  

- Greater diet selection on lucerne pastures as shown in Chapter 4 means that the actual 

diet quality will high despite the decrease in overall herbage quality at times during 

the year. There was no effect on milk production if daily herbage allowances are 

allocated correctly and animals are not forced to eat into unpalatable part of the plant. 
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    Chapter 7 
Whole farm modelling using lucerne strategically within 

dairy system  

7.1 Introduction 

The main pasture type used on New Zealand dairy farms is a mixture of perennial ryegrass 

and white clover. Pasture growth with this mixture peaks in DM production during the spring. 

Dairy farms in Canterbury have increased stocking rates to match the peak supply of pasture 

during the spring (Dynes et al., 2010). Perennial ryegrass however has some physiological 

limitations, including sensitivity to high temperatures and shallow root systems, so these DM 

production levels cannot be sustained throughout the rest of the year (Roche & Reid, 2012).  

The New Zealand dairy system uses tools such as purchasing supplement feed, N fertiliser, 

and winter grazing off farm during the dry cow period to help increase and maintain these 

high stocking rates on the milking platform (Thorrold et al., 2004). An alternative to this 

system is to lower stocking rates combined with greater pasture conservation at peak pasture 

supply. Such a system would result in large amounts of feed conservation if N fertiliser levels 

are maintained, and although milk production per cow is higher, milk production per hectare 

will be reduced (Chapman et al., 2012b). Although low stocking rate farms are producing less 

per hectare they are still maintaining profitability. These low stocking rate farms may be 

important for maintaining profitability while also reducing environmental footprint (Chapman 

et al., 2012b). 

There is an associated cost with the high stocking rate systems and increased milk production 

per hectare, which is usually related to more purchased feed. Alternative forage crops grown 

on farm generally cost less than purchased feed, and therefore can be used strategically to 

decrease seasonal feed deficits, and the amount of purchased feed required (Chapman et al., 

2006).  

Chapman et al., (2012a) found that when they modelled the economic value of extra forage 

grown in New Zealand using three different methods (UDDER, Farmax Dairy Pro, and 

DairyNZ Whole Farm Model) the value of summer and autumn forage decreased as you went 

further south in New Zealand and the value of winter and early spring growth increased. In 

Canterbury, extra summer feed was of the lowest economic value. However, McBride (1994) 

commented that buying in supplementary feed, using more N fertiliser and winter grazing off-
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farm to increase stocking rate on the milking platform increases their exposure to summer-

autumn water restrictions and failure of silage and winter-feed crops on other farms.  

In Chapter 5 we identified similar annual DM yield in lucerne and perennial ryegrass, but 

greater summer feed supply and less feed supply during winter in lucerne than perennial 

ryegrass which may have implications on the farm system. Of note lucerne growth was 

achieved with no N fertilizer input. Further, it was shown that when offered similar 

appropriate herbage DM allowance’s (Chapter 3, 4, 5) that apparent intake and MS production 

from lucerne and grass was similar. Also, despite lower pre-grazed herbage quality in lucerne 

compared to perennial ryegrass over summer in Chapter 6 and Chapter 4 it was shown that 

there was no difference in the quality of the diet herbage consumed at different herbage 

allowances due to greater herbage selection.  This indicates the potential of lucerne, but needs 

to be modelled. 

In this chapter, Farmax Dairy Pro, which is a derivative of the farm model Stockpol (Marshall 

et al., 1991) is used to model the effects on profitability of increasing the percentage of 

lucerne used strategically on the milking platform. The effect of lucerne at different 

proportions within the system under irrigation with both low and high stocking rates is also 

considered. The high stocking rate number was set by matching the peak pasture growth and 

animal demand for this period. For a spring calving system there may be a limit to amount of 

lucerne that can be used on the milking platform as the decreased growth rates as presented in 

Chapter 6 will have an effect on the ability to maintain pasture cover as out lined in the 

following section.  
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7.2 Materials and methods 

7.2.1 Base model 

Performance was ranked by profit, and profit was expressed as Earnings Before Interest and 

Tax (EBIT). The base model used for the simulation was the Lincoln University Dairy Farm 

2012-2013 season. The Lincoln University Dairy Farm has 160 ha effective area and located 

between Lincoln and Springston townships in Canterbury New Zealand. The majority of the 

soils are deep sandy (Paparua and Templeton) soils and imperfectly drained Wakanui silt 

loams. The Lincoln University Dairy farm is irrigated by centre pivot.  

Below is a list of the physical assumptions used for the base model. The dairy bred of cows 

on this property are Jersey-Friesian cross and are mixed aged. A total of 560 cows are 

wintered off the milking platform, including all their replacement young stock which are 

grazed off the milking platform during the rest of the year. 

Table 7.1: Physical description for the base model for Lincoln university Dairy farm for the 

2012-13 season 

 

Table 7.2 shows the operating expenses used for the all the simulations run. All expenditure is 

based on Canterbury operating costs set by Dairy Systems Monitoring (DSM) for the 2012-13 

season. This included 25 ha of pasture renewal every season regardless of how much lucerne 

Category Description Value Units
Farm Effective Area 160 ha

Stocking Rate 3.9 cows/ha
Comparative Stocking Rate 87.5 kg Lwt/t DM eaten
Potential Pasture Growth 20.2 t DM/ha
Nitrogen Use 259 kg N/ha
Feed Conversion Efficiency 10.7 kg DM/kg MS

Herd Cow Numbers (1st July) 630 cows
Peak Cows Milked 630 cows
Days in Milk 277 days
Avg. BCS at calving 5.4 BCS
Liveweight 1,763 kg/ha

Production Milk Solids total 301,446 kg
(to Factory) Milk Solids per ha 1,884 kg/ha

Milk Solids per cow 478 kg/cow
Peak Milk Solids production 2.07 kg/cow/day
Milk Solids as % of live weight 106.8 %

Feeding Pasture Offered per cow 5.5 t DM/cow
Supplements Offered per cow 0.5 t DM/cow
Total Feed Offered per cow 6.1 t DM/cow
Pasture Offered per ha 21.8 t DM/ha
Supplements Offered per ha 2.2 t DM/ha
Total Feed Offered per ha 24.0 t DM/ha
Supplements / Feed Offered 9.0 %
Bought Feed / Feed Offered 9.0 %

y  y  
Jun 13 - May 14
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was used on the platform. Imported silage feed was set at $365 per tonne or $140 per tonne 

when harvested on farm. This was increased from the standard Farmax model as current 

contracting costs in Canterbury where slightly higher than estimated in the model. 

Table 7.2: Cost of operating expenses. Current market costs as used by Dairy System 

Monitoring database for the 2012-2013 season (base farm). 

 Timing $ / ha $ / Cow $ / kg MS 
Wages Monthly 1,107 283 0.59 
Management Wage Monthly 219 56 0.12 
Total Labour   1,326 339 0.70 
Animal Health Monthly 329 84 0.17 
Breeding Monthly 176 45 0.09 
Farm Dairy Monthly 90 23 0.05 
Electricity Monthly 141 36 0.08 
Total Stock   736 188 0.39 
Pasture Conserved As Incurred 0 0 0.00 
Cash Crop As Incurred 0 0 0.00 
Feed Crop As Incurred 27 7 0.01 
Bought Feed As Incurred 626 160 0.33 
Calf Feed As Incurred 0 0 0.00 
Total Feed   653 167 0.35 
Grazing Monthly 751 192 0.40 
Run-Off Lease Monthly 88 22 0.05 
Owned Run-Off Adjustment Monthly 139 36 0.07 
Total Grazing & Run-Off   978 250 0.52 
Fertiliser (Excl. N) Apr Oct 676 173 0.36 
Nitrogen As Incurred 507 130 0.27 
Irrigation Monthly 213 54 0.11 
Re-grassing Monthly 100 26 0.05 
Weed & Pest Monthly 37 9 0.02 
Vehicles Monthly 195 50 0.10 
Fuel Monthly 0 0 0.00 
R&M Land & Buildings Monthly 385 98 0.20 
R&M Plant & Equipment Monthly 0 0 0.00 
Freight Monthly 47 12 0.03 
Total Other Farm Working   2,160 552 1.15 
Administration Monthly 131 33 0.07 
Insurance Apr Oct 76 19 0.04 
ACC Apr Oct 36 9 0.02 
Rates Apr Oct 68 17 0.04 
Total Overheads   311 79 0.17 
Depreciation Monthly 575 147 0.31 
Total Operating Expenses   6,739 1,723 3.58 
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The other major inputs already loaded into the model were schedule for selling stock and 

pasture quality and composition (Table 7.3) 

 
Table 7.3: Default monthly pasture quality and composition as used in the models. 

 
Composition % of sample Metabolisable energy MJ ME/kg DM 

Month Green Stem Dead Green Stem Dead 
Jan 85 

 
15 12.1 10.4 8.8 

Feb 85 
 

15 12.2 10.3 8.6 
Mar 85 

 
15 12.5 9.0 12 

Apr 85 
 

15 12.5 9.0 7.3 
May 85 

 
15 12.5 9.0 7.3 

Jun 90 
 

10 12.7 9.0 6.6 
Jul 95 

 
5 13 8.0 6.8 

Aug 95 
 

5 12.7 8.0 6.4 
Sep 95 

 
5 12.8 12.3 9.2 

Oct 90 
 

10 12.6 12.1 9 
Nov 80 10 10 12.3 11.9 8.8 
Dec 85 5 10 12.2 10.5 8.8 

 

The default pasture quality table above from Dairy Systems Modelling (DSM) was used 

because when averaged over the seasons perennial ryegrass white clover quality was very 

similar to our results collected from the trial described in Chapter 6 for perennial ryegrass 

(Figure 6.6). As reported in Chapter 3 (Table 7.4) there is very little difference in diet ME and 

milk production between perennial ryegrass and lucerne at standard herbage allowances, and 

previous Chapters (4 and 5) have shown that diet quality consumed by animals grazing 

lucerne and perennial ryegrass is very similar despite any changes in overall herbage quality 

to ground level. 

Table 7.4: Quality (MJ ME/kg DM) of lucerne and perennial ryegrass over three trial periods 

from Chapter 3. 

 MJ ME/kg DM MS/day/cow 
 Lucerne  Ryegrass Lucerne  Ryegrass 
Sept-Oct 12.49 13.138 2.25 2.32 
Nov-Dec 12.34 12.35 1.93 1.8 
Jan-Feb 11.82 11.63 1.61 1.69 

 

The pasture silage used in the model (including both imported and cut on-farm) had a ME of 

10 MJ ME/kg DM, 75% utilisation, 68% digestibility and an NDF of 30% as set by Farmax.   
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7.2.2 Scenario assumptions 

Under full irrigation the key parameter changes were the proportion of lucerne used on the 

milking platform (0-50%) and stocking rate (3.6, 3.8, 3.9, 4.1, and 4.2 cows/ha). The high 

stocking rate (HSR) number was set by matching the peak pasture growth and animal demand 

for this period. The increase in feed deficit was filled by purchasing more feed, as there was 

not surplus in spring or summer for silage. The low stocking rate (LSR) for this simulation 

was set by reducing the number of animals to provide a feed surplus in late spring and 

summer which could be conserved and fed in early spring and autumn, but maintaining 

enough animal numbers on the property so that average herbage mass over the farm did not 

exceed 2700 kg DM/ha.. 

For a spring calving system there was a limit to amount of lucerne that can be used on the 

milking platform as the decreased growth rates as presented in Chapter 6 have an effect on the 

ability to maintain average herbage mass above 2000 kg DM/ha. This set the maximum 

lucerne percentage on farm as 50% as above this it become non-profitable to try and reach 

target covers. 

There were a number of key assumptions. Firstly the differential growth rates of perennial 

ryegrass/white clover pasture and lucerne blocks, these were based off trial data from chapter 

6 which provides monthly growth rates of irrigated lucerne and ryegrass in the same 

environment (Figure 6.3). Second, there was similar ME for both pasture types as described 

above. Third, there was different N fertiliser use depending on percentage of lucerne and 

stocking rate. There was no N used on the lucerne blocks. Fourth, the average pre-grazed 

herbage mass across the farm was above 2000 kg DM/ha throughout the whole season. Fifth, 

lucerne had an opening herbage mass of 300 kg DM/ha in June and perennial ryegrass 2000 

kg DM/ha. Sixth, there was different amounts of supplement used depending on the 

percentage of lucerne used on platform and stocking rate. This was due lucerne having lower 

growth rates in early spring and lower starting herbage mass, so increased amounts of 

supplement were used to increase herbage mass depending on how much lucerne was 

modelled. Higher stocking rates accentuated this feed deficit. All purchased feed was grass or 

lucerne silage. Finally feed could be purchased or silage made as required to maintain pasture 

cover. 

The key pasture cover targets are based on the original LUDF file; spring target cover was 

2,400 kg DM/ha, with opening cover 2,028 kg DM/ha (June 30th) and closing (31st May) 

2,193 kg DM/ha. The body condition targets were 5.1 on 30 June and 4.5 at drying off May. 
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7.3 Results 

The effect of the percentage lucerne on farm is shown in Table 7.5. The most profitable 

systems ($5,209/ha) under a $6.50/kg MS was the 40% lucerne system; with a stocking rate 

of 3.6 and low supplement use (0.8 t DM/cow). This was driven by the lowest cost/kg MS 

($3.59/kg MS), with zero purchased feed and the second lowest N use of all the systems (171 

kg N/ha). The least profitable system ($4,759/ha) was 3.8 cows/ha with 0% lucerne. This had 

the lowest potential pasture growth (17.3 t DM/ha) and had a combination of low milk 

production compared to the other high stocking rate systems (1,771 MS/ha) and high cost of 

production from increased purchased feed compared to the low stocking rates scenario.  

The effect of stocking rate and the percentage of lucerne on farm is shown in Table 7.6. The 

higher the lucerne percentage the greater the potential carrying capacity with stocking rates 

increasing from 3.8 to 4.2 from 0%-50% lucerne. This increase in stocking rate offset the 

increase in costs from purchased feed required to fill the spring pasture deficits. 

Table 7.5: The profitability and physical summaries from whole farm modelling using 

lucerne strategically on an irrigated 160 ha dairy farm in Canterbury at a $6.50 kg/MS at 3.6 

cows/ha stocking rate 
Milksolid 
price 6.50$/kg MS 

   
   

System Lucerne % 0% 10% 20% 30% 40% 50% 
        

 Total revenue $ 
1,807,75

8 
1,809,29

2 
1,807,49

2 
1,808,49

4 
1,803,27

9 
1,764,01

2 

 Operating expenses $ 
1,019,90

7 
1,028,47

3 
1,024,73

9 983,916 969,794 978,632 

 
Operating expenses /kg 
MS 3.77 3.79 3.79 3.64 3.59 3.65 

 Operating profit $/ha 4,924 4,880 4,892 5,154 5,209 5,109 
        
Physical 
Summary Stocking rate cows/ha 3.6 3.6 3.6 3.6 3.6 3.6 

 
Potential pasture growth  
kg DM/ha/year 17.3 17.4 17.5 17.5 17.6 17.6 

 Nitrogen fertiliser kg/ha 259 243 222 197 171 143 
 Cow numbers 1st July 570 570 570 570 570 570 
 Days in milk 278 278 276 277 278 277 
 Milksolids kg MS/ha 1,690 1,691 1,689 1,690 1,685 1,678 
 Milksolids kg MS/cow 474 475 474 474 473 471 

 
Supplements offered 
tonnes/cow/year 0.9 0.8 0.9 0.8 0.8 0.9 

        
Key Expenses Pasture conserved $ 47,907 36,004 36,004 44,070 63,264 80,761 
 Bought feed $ 37,718 63,195 66,255 25,145 0 0 
  Nitrogen fertiliser $ 81,176 76,167 69,374 61,595 53,425 44,765 
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Table 7.6: The profitability and physical summaries from whole farm modelling using 

lucerne strategically on an irrigated 160 ha dairy farm in Canterbury at a $6.50 kg/MS at 3.8-

4.2 cows/ha stocking rate 
Milksolid 
price 6.50$/kg MS  

   
   

System Lucerne % 0% 10% 20% 30% 40% 50% 
        

 Total revenue $ 
1,831,70

5 
1,828,39

8 
1,875,82

4 
1,906,14

0 
1,955,32

8 
1,995,84

7 

 Operating expenses $ 
1,129,35

2 
1,132,71

8 
1,174,46

0 
1,161,82

8 
1,200,59

4 
1,259,85

1 

 
Operating expenses/ kg 
MS 3.99 4.00 4.05 3.94 3.96 4.07 

 Operating profit/ha 4,759 4,718 4,754 5,028 5,092 4,976 
        
Physical 
Summary Stocking rate cows/ha 3.8 3.8 3.9 3.9 4.1 4.2 

 
Potential pasture growth 
kg DM/ha/year 17.3 17.5 17.6 17.7 17.8 17.9 

 Nitrogen fertiliser kg/ha 259 243 222 197 171 143 
 Cow numbers (1st July) 600 600 620 630 650 670 
 Days in milk 276 276 277 276 276 275 
 Milksolids/ha 1,771 1,768 1,814 1,843 1,891 1,931 
 Milksolids/cow 471 471 468 468 466 461 

 
Supplements use 
tonnes/cow/year 1.1 1.0 1.2 1.1 1.2 1.4 

        
Key Expenses Pasture conserved $ 47,907 16,502 23,312 19,600 19,600 22,397 
 Bought feed $ 125,233 165,013 192,117 183,667 215,983 266,481 
  Nitrogen fertiliser $ 81,176 76,167 69,374 61,595 53,425 44,765 

 

Table 7.7 shows that above $7.00 milksolid price the most profitable system was HSR with 

40% lucerne on the platform. At lower milksolid prices, the focus was on low cost/kg MS so 

40% lucerne with lower stocking rates become the most profitable, followed closely by 30% 

lucerne. At the the lowest milksolid price of $3.00, 50% was the least profitable making a loss 

of -$1,800. 
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Table 7.7: Sensitivity analysis on operating profit ($/ha) for both high stocking rates (HSR 

3.8 – 4.2 cows/ha) and low stocking rate (LSR 3.6 cows/ha). Sensitivity is relative to 

milksolid price ($/ kg MS) and proportion of lucerne used on platform from 0-50%. 

 LSR  HSR  

 0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 50% 
 $                                                                          
8.00  $7,484 $7,445 $7,452 $7,714 $7,763 $7,652 $7,444 $7,403 $7,492 $7,766 $7,958 $7,880 
 $                                                                          
7.50  $6,630 $6,590 $6,598 $6,860 $6,912 $6,805 $6,549 $6,508 $6,579 $6,853 $7,003 $6,912 
 $                                                                          
7.00  $5,777 $5,735 $5,745 $6,007 $6,060 $5,957 $5,654 $5,613 $5,667 $5,941 $6,047 $5,944 
 $                                                                          
6.50  $4,924 $4,880 $4,892 $5,154 $5,209 $5,109 $4,759 $4,718 $4,754 $5,028 $5,092 $4,976 
 $                                                                          
6.00  $4,071 $4,025 $4,039 $4,301 $4,358 $4,261 $3,864 $3,823 $3,841 $4,115 $4,137 $4,008 
 $                                                                          
5.50  $3,218 $3,170 $3,186 $3,448 $3,506 $3,413 $2,969 $2,928 $2,929 $3,203 $3,181 $3,040 
 $                                                                          
5.00  $2,364 $2,315 $2,332 $2,594 $2,655 $2,566 $2,074 $2,033 $2,016 $2,290 $2,226 $2,072 
 $                                                                          
4.50  $1,511 $1,460 $1,479 $1,741 $1,803 $1,718 $1,179 $1,138 $1,104 $1,378 $1,271 $1,104 
 $                                                                          
4.00  $658 $605 $626 $888 $952 $870 $285 $244 $191 $465 $316 $135 
 $                                                                          
3.50  -$195 -$250 -$227 $35 $101 $22 -$610 -$651 -$722 -$448 -$640 -$833 
 $                                                                          
3.00  

-
$1,048 

-
$1,105 

-
$1,080 -$818 -$751 -$826 

-
$1,505 

-
$1,546 

-
$1,634 

-
$1,360 

-
$1,595 

-
$1,801 

*Across each row colour scale indicates most profitable system, red being the least profitable and green the most 

profitable. 
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7.4 Discussion 

At a $6.50 kg/MS the most profitable systems incorporated 40% lucerne onto the milking 

platform. Of note, the most profitable systems were not those with the highest milk 

production per hectare but those that had the lowest cost/kg MS (average $3.60/kg MS). 

Pasture production increased from 17.3 t DM/ha at 0% to 17.6 t DM/ha at 50% lucerne. The 

increase pasture production at 3.6 cows/ha allowed more feed to be conserved over summer 

and used in spring and autumn. This resulted in less purchased feed required, decreasing 

cost/MS ($3.59/kg MS). Also contributing to the lower cost/ha in the high lucerne systems 

was the lower N fertiliser use which reduced from 259 kg/ha to 173 kg/ha. 

HSR as stated in 7.2.2, was set by matching the peak pasture production with animal demand 

and then using purchased feed to fill feed deficits through the season. This resulted in more 

cows, and greater milk production than LSR (Table 7.6). The increase in production revenue 

was offset by the increased cost of purchased supplementary feed. The large deficit in the 

spring with higher lucerne (>20%) scenarios was due to low starting covers (300kg DM/ha 

compared to 2000 kg DM/ha for ryegrass) and low DM growth rates in early spring increased 

the requirement for supplement to be fed to maintain average pasture cover above 2000 kg 

DM/ha. Above 40% lucerne, the profitability began to decrease as more feed was required to 

be made to fill the greater spring deficit.  

The 0 to 20% lucerne HSR scenario resulted in the lowest EBIT figures. These were 

characterised by high cost/kg MS (3.99-$4.05/kg MS). The low DM production through 

summer from the perennial ryegrass pastures resulted in large feed deficits in the summer and 

required an increased amount of purchased supplementary in feed to maintain pasture covers.  

As shown in Table 7.7, at milksolid prices above $7 kg MS the 40% lucerne with HSR 

become the most profitable ($6,940/ha). These were characterised by 4.1 cows/ha compared 

to 3.6, increased purchased supplementary feed (1.2 tonnes /cow compared to 0.8) and higher 

overall cost/kg MS. However compared to the 40% treatment under LSR it also had a higher 

MS production/ha (1891 kg MS/ha compared to 1650 kg MS/ha), which at higher milksolid 

prices drives profitability. Above 40% lucerne profits slowly decreased as the purchased feed 

requirement outweighed the benefit of the increase in cow numbers and milksolid production. 

At lower milksolid prices the 30-40% lucerne LSR systems were the most profitable and this 

was directly related to the cost/kg MS similar to the $6.50 scenario explained above. 
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7.5 Conclusions 

- At $6.50 kg MS ha, the most profitable system was the 40% lucerne at 3.6 cows/ha. 

These had the lowest cost per kg MS, and the right balance between increased pasture 

growth being conserved to fill the spring deficit 

- Above $7.00 milksolid price most profitable systems were the 40% lucerne systems 

with higher stocking rates (4.1 to 4.2 cows/ha). These had the highest DM production, 

highest milk production, but the largest operating expenses. 

- As the proportion of lucerne on the milking platform goes above 50%, calving date 

will need to be shifted to match the seasonal herbage growth rates of lucerne, as there 

is not enough perennial ryegrass on the farm to help maintain average herbage mass 

during early spring. This may mean a shorter milking season with higher stocking 

rates. This was modelled but days in milk is an important profit driver, so this system 

was less profitable than having lower proportions of lucerne on the farm (<50%) and 

maintaining calving date. 
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    Chapter 8 
General Discussion  

Milk production 

This study was designed to examine differences in milk production of dairy systems based on 

lucerne and perennial ryegrass-white clover pastures. In all of our trials from early spring to 

summer there was no difference in milksolid production between cows fed perennial ryegrass, 

lucerne or a mixture of both. This occurred at a wide range of herbage allowances. This was 

due to similar consumed diet ME values, despite herbage quality above ground level often 

being lower in lucerne than perennial ryegrass as shown in Chapters 3, 4 and 5. There has 

only been one other study comparing milk production of cows grazing perennial ryegrass and 

lucerne in the paddock at similar herbage allowances (Bryant, 1978). This study showed that 

milk yield (l/cow/day) was higher in spring in perennial ryegrass but higher in lucerne later in 

lactation. However this study was on dryland and it is likely the quality of the perennial 

ryegrass later in the season was lower. The only other study comparing milk production 

between lucerne and perennial ryegrass was an indoor feeding trial using dryland lucerne and 

ryegrass from the Waikato region. They reported when fed ab libitum intakes, cows grazing 

lucerne had increased milk production compared to when offered ryegrass as a result of 

increased DM intakes (Woodward et al., 2010). Perennial ryegrass quality was lower in that 

trial than was demonstrated under irrigation in Canterbury (Chapter 3, 4, 5, 6).  

The increase in quality of the perennial ryegrass pasture due to the fact that our experimental 

site was irrigated and the ability of cows grazing lucerne to select and consume a diet greater 

in quality than what is offered from ground level contributed to similar milk production 

between pasture types. Lucerne did display advantages in Chapter 4 at low herbage 

allowances with higher utilisation and intakes. 

Environmental  

The elevated CP percentage in the lucerne herbage resulted in a high urinary N concentration, 

and total N excreted of the cows grazing lucerne compared to perennial ryegrass (36% higher 

in 100% lucerne diet (Table 3.9). The source of leached nitrate is predominantly from N 

deposited in cow urine (Ledgard et al., 2000).  Although the average concentration of CP in 

Chapter 3 for lucerne was only 17.6% the diet CP would have been a lot higher as 

demonstrated in Chapters 4 and 5 with CP concentration selected above 25%, which is in 
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excess of what was required for milk production (Kolver, 2000). This was coupled with lower 

CHO levels, increasing the N partitioned into waste products rather than being captured for 

milk production. This may have large impacts from an environmental point of view, as any 

gains made in lower N fertiliser use from grazing lucerne, may be counteracted with increase 

in N excretion from the urine of the cows. It has been shown that higher N in the urine can 

result in higher N leached and it has also been shown that most of the N loss comes from slow 

winter growth (de Ruiter & Malcolm, 2014). Leaching is largely confined to the winter period 

when soil moisture is at field capacity and net drainage occurs (between May and September 

in Canterbury). At this time low temperatures also mean that the uptake of urinary N by 

forage is relatively slow (Ledgard et al., 2000). The elevated urinary N concentration in 

combination with the slow winter growth of lucerne means that potential N losses could be 

greater than perennial ryegrass-white clover mixtures. This may be offset by the deep root 

system capturing N, but would need to be tested in lysimeters. Recent research also shows 

that targeted supplement use can increase nitrogen use efficiency by (NUE) 19.5% from 

supplementation of either maize and grass silage, without reducing milk production potential 

(Muleke et al., 2014). Other aspects worthy of mention is the possibility of diluting some of 

the CP intake, as show in Chapter 3 using temporal separation of perennial ryegrass during 

the day and lucerne feed post afternoon milking, N output (g/day) decreased by on average 

30% over the three trial stages.  

Transition 

It has been previously reported that using lucerne and ryegrass within a system, there could be 

reduced milk production when transitioning between forages (Woodward et al., 2010). In 

contrast in this study there was no decrease in milk production over the 4 days transition 

period in any of the trials in chapter 3. Over the 4 day transition period there was actually a 

significant increase in milk production (P=<0.001) increasing from 22.8 to 24.7 l/cow/day in 

the lucerne treatment in the early experiment. The influence of grazing on diet selection may 

have resulted in different nutritional and structural components eaten compared to when cut 

and carried as in Woodward, et al., (2010). This may have resulted in a less dramatic change 

in the microbial dynamics in the rumen compared to the previous study. 

DM yield 

The economics of incorporating lucerne into the dairy system will be determined by the 

annual and seasonal production of lucerne comparative to perennial ryegrass. Intake and milk 

production are similar between lucerne and perennial ryegrass so the benefit to the system is 
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in extra DM production. When initial literature was reviewed it was found that there was a 

lack of research on comparative herbage growth rates of perennial ryegrass and lucerne under 

irrigation. From previous research (Brown et al., 2005) it was clear that the irrigated lucerne 

DM yields on moderately deep soils (16-28 t DM/ha) have potential to exceed what is 

achievable in a irrigated ryegrass pasture in Canterbury. Because of this our hypothesis was 

that lucerne would out yield perennial ryegrass and in summer have significantly higher 

growth rates.  

However was no difference in annual DM yield between perennial ryegrass and lucerne. 

Recently published research (Michel et al., 2014) has shown similar results with no difference 

in ryegrass and lucerne annual DM yield under 3 irrigation frequencies in soils which are 

considered to be shallow with low water holding capacity. It seems the depth and soil type 

determines whether there any growth advantages of lucerne, under both irrigation and dryland 

scenarios as shallows soils reduce the advantages of a deeper tap root. 

There were difference is seasonal herbage growth rates, however. These were greater in 

ryegrass than lucerne in early spring, with ryegrass averaging 87.6 kg DM/ha/d in October 

over two seasons compared to 61.1 kg DM/ha/d for lucerne. The lucerne treatment had 

increased growth rates from November to March averaging 18.6 kg DM/ha/d more and 2,795 

kg DM in total over that period. The maximum growth rates for lucerne treatments were 95.3 

kg DM/ha/d in January in both seasons. The increase in lucerne production was similar to 

what was reported in Brown (2005) from November-January when growth rates of 70-100kg 

DM/ha/day were 40 kg higher than found on a range of irrigated pastures in Canterbury 

(Brown et al., 2005; Rickard & Radcliffe, 1976).  

Farm system 

The seasonal growth rates from the pasture within a farm system have a huge impact on the 

stocking rate, calving dates, supplement feed required, and daily milk production. Although 

the annual DM yield was similar between lucerne and perennial ryegrass pastures in Chapter 

6, the seasonal increases in DM production of lucerne comparative to perennial ryegrass 

present an opportunity to increase productivity by using it strategically. 

With an all grass system there was heavy reliance of N fertiliser for which there was an 

associated cost. There was also conserved and purchased feed required to fill the spring and 

autumn feed deficits.  As more lucerne increased on the milking platform and the spring 

deficit in pasture supply and demand became bigger, there was an increase in purchased feed 

from 0-20% lucerne. Once above 20% lucerne the excess DM growth in summer meant that it 
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could be conserved and used to decrease the spring deficit, reducing the amount of purchased 

feed required and also reducing the cost of N fertiliser. At higher stocking rates this excess 

supply in pasture growth was used as fed grazed in the paddock and purchased feed was used 

to fill the spring and autumn deficits. At a $6.50/kg MS the most profitable system was at 

40% lucerne at a lower stocking rate (3.6 cow/ha) which also had the lowest cost/kg MS. 

Above 40% lucerne the increased requirement for conserved feed for the greater spring deficit 

increased the cost/kg MS. At higher stocking rates the increase in cost per kg MS came from 

more purchased feed. 

As the proportion of lucerne on the milking platform is increased to 50%, calving date will 

need to be shifted to match the seasonal herbage growth rates of lucerne, as there is not 

enough perennial ryegrass on the farm to help maintain average herbage mass during early 

spring. This may mean a shorter milking season with higher stocking rates. This was 

modelled but days in milk is an important profit driver, so this system was less profitable than 

having lower proportions of lucerne on the farm (<50%) and maintaining calving date. 

The use of lucerne strategically on a dairy farm has increased potential in a dryland situation 

when perennial ryegrass quality may not be as high over the whole season. This was shown in 

both previous studies that compared lucerne with perennial ryegrass, feeding 100% lucerne 

increased milk production compared to perennial ryegrass without irrigation later in lactation 

(Bryant, 1978; Woodward et al., 2010). The consistent quality of lucerne in a dryland 

environment and also the DM production over summer on deeper soils, particularly in dry 

seasons would be of huge benefit. This would also extend to partially irrigated systems that 

rely on river flow levels to irrigate.  

Future research 

This study has shown that there is an economic benefit in incorporating lucerne into the 

milking platform at strategic levels. However the practicality of this would need to be tested 

and the cost and time associated with bloat control would have to be factored into it. 

The impact on the environment would need to be further researched with lysimeters 

incorporated into another grazing study to understand what level of N is re-absorbed from the 

larger root system of the lucerne or whether the increased total N intake and N output has 

negative impact on N leaching. These trials should also test some of the other factors that 

have proven to mitigate the impacts of higher N concentration in the urine, including 

supplementation with silage or maize or using grazing management to feed a mixed diet of 

lucerne and perennial ryegrass. 
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A comparative study in a dryland environment would be also worthwhile to investigate how 

lucerne could be used in an environment less suited to perennial ryegrass to help increase 

production and provide a buffer to more volatile environmental conditions that impact on 

pasture quality and season DM production. 
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Production, 73, 93-95. 

http://www.nzsap.org/biblio?f%5bauthor%5d=3161
http://www.nzsap.org/biblio?f%5bauthor%5d=203
http://www.nzsap.org/biblio?f%5bauthor%5d=205
http://www.nzsap.org/proceedings/2013/milksolids-production-dairy-cows-grazing-lucerne-and-perennial-ryegrass-spring
http://www.nzsap.org/proceedings/2013/milksolids-production-dairy-cows-grazing-lucerne-and-perennial-ryegrass-spring
http://www.nzsap.org/view/biblio/volume/73
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