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Ll 336,

Prapositions

1. Growing conditions and farmers’ management have more effect on the nuiritive value
of grass and grass intake and milk production by dairy cows than grass cultivars do.
(This thesis)

2, The milk urea N content is a good indicator, but a poor predictor of the individual N
excretion in the urine and faeces.
(This thesis)

3. Attributing the differences in feed intake and milk production solely to the water-

soluble carbohydrate content of two grasses, and neglecting differences in cell wall
and protein content, has led to a distorted idea of the effect of cultivars with an
elevated water soluble carbohydrate content.

(Miller et al., 2001. Grass Forage Sci. 56:383-394)

4. Trying to explain feed intake behaviour of cattle by excluding some factors such as
maximum rumen fill, and integrating all other factors in the “satiety concept”, does not
increase our understanding of feed intake behaviour.

(Tolkamp et al., 2002. Animal Science 74:369-382)

5. The future of animal husbandry depends less on the behaviour of citizens as
consumers than on their behaviour as tax payers

6. “If you do what you say, you don’t lie...”
(Fragment from the television serial Barije, at the moment Barije has to take care of

his own)

7. With Turkey, the European Union gets in the Trojan Horse.

Pertaining to the thesis of Bart Tas:
“Perennial ryegrass for dairy cows: intake, milk production and nitrogen utilisation”

Wageningen, 27% April, 2005



Stellingen

1. De groeiomstandigheden en het management van de boer hebben meer invloed op de
voederwaarde van het gras en de opname en melkproductie door koeien dan het
grasras,

(Dit proefschrift)

2. Het melk ureum N gehalte is een goede indicator, maar cen slechte voorspeller van de
N-uitscheiding in de mest en urine.
(Dit proefschrift)

3 Door verschillen in voeropname en melkproductie enkel toe te schrijven aan het
suikergehalte van twee grassen, zonder aandacht te schenken aan verschillen in
celwand- en eiwitgehalte, is een verkeerd beeld ontstaan van het effect van grasrassen
met een hoog suikergehalte,

(Miller et al., 2001. Grass Forage Sci. 56:383-394)

4, Het trachten te verklaren van voeropnamegedrag van koeien door een aantal factoren,
waaronder maximale pensvulling, uit te sluiten en de overige factoren onder te
brengen m het “concept van verzadiging”, vergroot niet ons inzicht in het
voeropnamegedrag.

(Tolkamp et al., 2002. Animal Science 74:369-382)

5. De toekomst van de veehouderij hangt minder af van het gedrag van de burger als
consument, dan van de burger als belastingbetaler.

6. “Als je doet wat je zegt, dan lieg je niet...”
(Fragment uit de serie Bartje, wanneer Bartje op eigen benen gaat staan)

7. De Europese Unie haalt met Turkije het Paard van Troje binnen.

Behorende hij het proefschrift van Bart Tas:
“Perennial ryegrass for dairy cows: intake, milk production and nitrogen utilisation”

Wageningen, 27 april 2005




Abstract

Bart M. Tas, 2005. Perennial ryegrass for dairy cows: intake, milk production and N
utilisation. Ph.D. Thesis, Wageningen University, The Netherlands,

In the Netherlands, grass is one of the main roughages in the diet of high productive dairy
cows. Grass is associated with two main problems: the limited dry matter intake (DMTI) and
the low N utilisation by dairy cows. Grassland is renovated every 3- 15 years and is usually
resown with a mixture of mainly perennial ryegrass cultivars. The aim of the research
described in this thesis was to evaluate the effects of perennial ryegrass cultivars on 1)
degradation of herbage in the rumen of dairy cows, 2) the DMI, digestibility and milk
production by dairy cows, and 3) the N utilisation by dairy cows. These effects were then
related to sward characteristics and chemical composition of these cultivars, in order to
identify new selection criteria that may be used in grass breeding programmes. Therefore, the
effects of eight cultivars in a stall feeding experiment and four cultivars in a grazing
experiment on intake, grazing behaviour, digestibility, milk production, milk compeosition and
N utilisation were determined. The perennial ryegrass cultivars consistently differed in their
water soluble carbohydrate (WSC) content. Among cultivars, the largest differences were
found in WSC content, whereas the differences in crude protein and neutral detergent fibre
content were small. An increased WSC content was expected to increase the palatability, and
this may increase the intake. However, there was no effect of cultivar on intake in three of the
four years of experiments. In one year, the lower intake of two cultivars was associated with a
lower WSC content, but also with a severe crown rust infestation. However, the grazing
behaviour did not differ among cultivars. The milk production and milk composition were
almost not affected by cultivar, with the exception of the year with differences in intake. The
cultivars differed only slightly in the degradation characteristics in the rumen. The high crude
protein content and the relatively high fractional degradation rate, in comparison with organic
matter and neutral detergent fibre, resulted in a high supply of N to rumen microbes. This was
expected to be balanced by a higher supply of energy from an increased WSC content.
However, the milk urea N content and the N utilisation by dairy cows did almost not differ

among cultivars.

Key words: perennial ryegrass, dairy cows, intake, digestibility milk production, nitrogen

utilisation.



Preface

The research described in this thesis is the product of collaboration between the Animal
Nutrition Group and the Crop and Weed Ecology Group of Wageningen University and the
grass breeding company Barenbrug Holland B.V. A research project was developed to
evaluate the effects of perennial ryegrass cultivars on intake, digestion, nutrient utilisation and
milk production by dairy cows. The experiments were conducted on the experimental farms
Unifarm and De Ossckampen of Wageningen University. At the start of the research, three
Ph.D. students were appointed, who in close cooperation have conducted the research. Each
Ph.D. has focussed on specific parts of the research.

In this thesis, the results are described of the effects of perennial ryegrass cultivars on intake,
rumen degradation, milk production and nitrogen utilisation of dairy cows. Experiments were
conducted by feeding fresh grass in the barn to dairy cows and by grazing on pasture. In four
chapters and in the general discussion different parts of the research are described and
discussed.

Bart Tas
March, 2005
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General Introduction




General Introduction

General Introduction

Grasslands cover approximately 25 % of the world land area, including natural, semi-natural
and cultivated grasstand (FAQ, 2004). In the Netherlands, grassland covers around 30 % of
the land area and it is mainly used to feed dairy cows, either by grazing, zero-grazing
(summer feeding fresh grass) or cutting grass for silage. A large proportion of this grassland is
intensively managed to obtain a high herbage yield per unit land area. The aim is to provide
feed with a high nutritive value to ruminants and to produce a high amount of milk and/ or
meat per unit of land.

Grassland renovation

In the Netherlands, the mean total grassland in use by dairy farms was around 950.000 ha and
on average 120.000 ha was ploughed and sown with grass each year (CBS, 2004). The
proportion of grassland that is renovated depends on the goil type. In 1999, the proportion of
renovated grassland was 18 %, 10 % and 3 % on sandy, clay or peat soils, respectively, and
this equals renovation each 5, 10 and 30 years, respectively (Schils et al., 2002). One of the
reasons for resowing, especially on sandy soils, is that grassland is used in ley-arable rotations
with other forage crops, mainly maize. The reason for renovation is in general that the
performance of the existing sward is lower than the potential performance. The most
important criterion for grassland renovation is the sward composition, and renovation is
recommended when the proportion of perennial ryegrass (Lolium perenne 1.) in the sward is
below 50 % and /or when the sward contains more than 10 % couch grass (Elymus repens L.)
(Schils et al,, 2002). In general, new grassland is sown with a mixture of grass species, and
sometimes white clover, and these mixtures contain a high proportion of perennial ryegrass.
Grass breeders have improved grass aiming at a consistent production of herbage during the
growing season with a high feeding value. An increase in annual DM yield of perennial
ryegrass of 2.5 to 6 % per decade has been made (Wilkins and Humphreys, 2003). Many
cultivars of perennial ryegrass have been selected and these cultivars have been tested for
agronomic performance. Only candidate cultivars that are distinct, uniform, and stable, and
that have sufficient agronomic performance and added value for cultivation, can enter the
National list of recommended varieties and are approved to become commercially available.
The characteristics that are tested are heading date, persistence, winter hardiness, resistance to
crown rust (Puccinia coronata), relative DM yield of the first cut and relative annual DM
yicld (Bonthuis and Donner, 2001). However, the chemical composition and nutritive value of
cultivars for dairy cows are not yet included in these cultivar evaluation tests or in breeding
programmes, This thesis aims to identify selection criteria for grass breeding programmes,
based on the utilisation of grass by lactating dairy cows, The importance of grass for dairy



Chapter |

farming in the Netherlands, and current problems associated with grass-fed and grazing dairy
cows and associated research gquestions are outlined below,

Dairy farming in The Netherlands

In The Netherlands, the average farm size in 2001 was 38 ha, of which 34 ha was used as
grassland and the other 4 ha were covered with other forage crops, mainly maize. On average,
the milk production was more than 12,000 kg/ha and the stocking density was between 1.5
and 1.9 dairy cows/ha (CBS, 2004). To produce grass and grass products, the grasslands are
generally well-drained and receive a high amount (250 - 400 kg/ha) of N, from inorganic
fertilizer and manure. In 2001, on average the grassland was mown slightly more than twice a
year. Around 81 % of the cut herbage was used to make silage, 9 % to make hay and 9 % was
fed as fresh grass in the barn. To make silage, the swards were cut at on average about 2800
kg DM/ha, resulting in around 6 ton DM/ha per year. The annual herbage yield was high, with
a mean of 10.4 + 0.7 ton DM/ha per year under cutting and grazing (CBS, 2004). This would
indicate that around one-third to half of the annual herbage production is used for grazing and
half to two-thirds to make grass silage. The grazing season in The Netherlands is around 165
dfyr and, depending on the stocking density and annual herbage vield. A grazing dairy cow
consumes around 9 to 18 kg DM/d. The mean DMI of grass silage during the winter period, is
around 15 kg DM/d per cow during 2001 (CBS, 2004).

Table 1 Proportions of concentrate feed and roughage in the diet, and proportions of fresh
grass, grass and maize silage in the roughage, in summer and winter in the South-East and
North-West in The Netherlands.

Diet composition summer winter
South-East North-West South-East North-West
Concentrate feed 0.23 024 0.41 0.41
Roughage 0.77 0.76 0.59 0.59
fresh grass 0.43 0.75 - -
grass silage 0.16 0.16 0.49 0.74
maize silage 0.41 0.09 0.51 0.26

Source: CBS, 2004.

The diet of dairy cows consists on average of two-third roughage and one-third concentrate
feed. The main roughages are grass, grass silage and maize silage. Due to climatic conditions,
soil type and farming styles, there is a regional difference in the ability to grow maize silage
and therefore in the South-East a higher proportion of the roughage consists of maize silage
than in the North-West of the Netherlands (Table 1). In summer the proportion of roughage is
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17-18 % higher than in winter, with no difference between regions. This difference can partly
be attributed to the higher energy content of fresh grass (6.6 to 7.2 MJ/kg DM) in comparison
with grass silage and maize silage (6.3 Ml/kg DM) (CVB, 2003).

In the Netherlands, the production costs on farms with grazing are lower than on farms with
summer feeding (Jager and Van Everdingen, 2004). A higher proportion of grass in the diet of
dairy cattle may reduce the use of relatively expensive concentrates and hence reduce the
input of minerals to the farm with these concentrates. Moreover, the composition of milk fat
is affected by the diet. Grazing dairy cows have higher contents of unsaturated fatty acids -
with in particular conjugated linoleic acid- than dairy cows fed grass silage (Kelly et al.,
1998; Elgersma et al., 2003). Dairy products are important contributors to the fat consumption
in humans, and high contents of saturated fatty acids in these products are associated with
increased risks for coronary heart diseases and related health problems (McGuire and
McGuire, 1999). Grazing, therefore, could reduce these risks. Furthermore, the health and
welfare of dairy cows is of increasing concern by the public. As grazing is the natural
behaviour of cows, it is associated with a higher welfare than permanent indoor housing of
cows. Moreover, the Dutch landscape is characterised by grassland and grazing dairy cows.
Therefore, grazing has become important for the acceptance of intensive dairy farming by
society (Van den Pol-Van Dasselaar et al., 2002; LTO, 2004).

However, the general tendency is to reduce the proportion of fresh grass in the diet and to
increase the proportion of maize silage and concentrates. Furthermore, the daily time spent
grazing is restricted (at around 50 to 60 % of the farms) or cows are permanently housed
indoors (at around 10 % of the farms) (Van den Pol-Van Dassclaar et al., 2002, CBS, 2004).
Among the many reasons for this decrease in fresh grass feeding and grazing, two main
reasons are a more efficient grassland use and a more balanced and constant diet composition
for dairy cows. In general, herbage losses are lower under cutting than under grazing, and the
application of organic manure by injection into the soil results in a higher N utilisation by the
sward than by defecation and urination of grazing dairy cows (Vellinga et al., 2001). A high
proportion of fresh grass in the diet, either by stall feeding or grazing, is associated with two
main problems. Firstly, the milk production {MP) of grazing dairy cows is lower than
potentially possible in comparison to stall-fed dairy cows with nutrient-balanced diets. This is
associated with a limited dry matter intake (DMI) of grass, and with an imbalance between
absorbed nutrients when the diet contains a high proportion of grass. Secondly, the utilisation
of N by grass-fed is low, and grazing dairy cows are associated with N losses, due to the
relatively high crude protein content in comparison with the energy content in grass.

Dry matter intake and milk production

The efficiency of conversion of nutrients into milk by dairy cows increases with the level of
MP, due to proportionally lower maintenance costs (Tamminga, 1996). Therefore, dairy cows
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have been continuously selected for this trait and a linear increase in MP of on average
1.25 % per animal per year has been achieved (LEI/CBS, 2004). However, the increase in
DMI was less than half the amount needed to cover the increased requirements for MP
(Veerkamp, 1998). Dairy cows with a high proportion of forages in their diet (Veerkamp et
al, 1994) or grazing intensively managed grassland had a lower MP than potentially possible
(Kolver and Muller, 1998; Peyraud et al., 2004). With grazing only, dairy cows can reach a
MP with a maximum of 28 to 30 kg/d (Van Vuuren, 1993; Kolver and Muller, 1998).
Comparing grazing with a nutrient-balanced diet, a reduced MP of grazing dairy cows was
observed, that was attributed for 61 % to a reduced digestible DMI. The remaining part was
attributed to the imbalance between absorbed nutrients, of which the metabolizable energy
was found to be first limiting (Kolver and Muller, 1998),

The regulation of feed intake is very complex and depends on dietary and animal factors and
their interactions (Forbes, 1996). The palatability of dietary components (aversions or
preferences) may affect diet selection, the DMI, and nutrient balance (Forbes and Provenza,
2000). Cultivars of perennial ryegrass differ in their resistance to crown rust {Bonthuis and
Donner, 2001} and cows seem to avoid severely infected herbage (Kimbeng, 1999).
Furthermore, preferences among cultivars of tall fescue (Festuca arundinacea) by grazing
dairy cows were associated with higher water-soluble carbohydrate {(WSC) contents (Mayland
et al., 2000). Perennial ryegrass cultivars differ in their WSC content and WSC content is a
consistent and heritable trait (Humphreys, 1989). Cultivars with increased WSC contents
may, therefore, be preferred to cultivars with lower WSC contents. It is not clear if a higher
preference results in a higher DMI when there is no opportunity for selection. Moreover, the
sward structure influences the prazing behaviour (e.g. Wade, 1991; Gibb et al.,, 1999; Orr et
al,, 2004) and differences among cultivars may influence intake characteristics of grazing
animals (Orr et al., 2003).

Besides the effect of palatability, the main factor controlling intake is the post-ingestive feed
back (Forbes, 1996; Faverdin, 1999; Forbes and Provenza, 2000) and this is an integration of
signals from receptors that respond to distension of the rumen, ruminal pH and osmolality and
metabolized nutrients, most likely by additivity of signals (Forbes, 1996). The digestibility of
forages and the rumen fill are strongly related with the cell wall content and the lignification
of the cell wall (Van Soest, 1994; Mertens, 1994). A perennial ryegrass cultivar with a lower
cell wall content and a higher WSC content than a control cultivar resulted in a higher
digestible DMI and MP (Miller et al.,, 2001). Differences ameng perennial ryegrass cultivars
in sward characteristics may affect the digestible DMI and hence MP by grass-fed and grazing
dairy cows.
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N utilisation by dairy cows

Nitrogen (N) utilisation on intensive dairy farms is low, with an average efficiency of N
retention in milk between 12 and 26 % (Castillo et al., 2000). The main processes in the
conversions of N and their efficiencies are N fertilisation (organic N from manure and/ or
imorganic N from fertilizer) to the soil and uptake by the herbage (N efficiency of 70 %),
herbage N into ingested feed N (fresh and ensilaged grass; N efficiency of 85 %), and
ingested N into milk N (N efficiency of 20 %) by the dairy cow (Oenema et al., 2000). The
most limiting factor in the N utilisation on the farm is the conversion of feed into milk by the
dairy cow. Although the theoretical maximum of efficiency of N utilisation may reach 40 to
45 % of N intake (Van Vuuren and Meijs, 1987), the N utilisation of grass-fed or grazing
dairy cows is often lower than 25 % (Van Vuuren, 1993; Kolver, 2003). Grasslands receive
high arnounts of inorganic fertilizer-N and manure-N, and the grass is cut or grazed by cows
in a young and leafy stage. Generally, such grass contains a relatively high crude protein (CP
=N x 6.25) content that is rapidly degraded in the rumen in comparison with the energy-
yielding substrates. This leads to an excess of N in the rumen for microbial protein synthesis,
and more than 80 % of this excess-N will be excreted with the urine (Van Vuuren, 1993).
Furthermore, grass contains a relatively high intestinal digestible protein (DVE) content in
comparison with the content of net energy available for lactation (NEL). When MP is limited
by NEL, the absorbed protein in surplus of requirements for maintenance and milk protein
synthesis will not be utilised, but excreted in the urine. The high N losses in the rumen and in
the intermediary metabolism of grass-fed or grazing dairy cows result in a high N excretion,
that has a negative impact on the environment. Nitrogen utilisation by grass-fed dairy cows
can be improved by either a decrease of the N fertilisation of grass or harvesting the grass in a
later stage of growth and hence decrease the CP content (Van Vuuren, 1993; Peyraud and
Astigaragga, 1998; Valk et al,, 2000} or by partially replacing grass in the diet by a low-N
roughage or a high energy concentrate feed (Bargo et al.,, 2003). Miller et al. (2001) showed
that a perennial ryegrass cultivar with an increased WSC content in comparison with a control
resulted in a higher N utilisation by lactating dairy cows, although CP content was low (100
g’kg DM) in that experiment, The efficiency of microbial protein synthesis measured in vitro
increased with WSC content of grass (Lee et al., 2002*). This may indicate that the energy
supplied by WSC reduced the surplus of N in the rumen and hence increased the N utilisation.

Aim of the research and outline of the thesis

The aim of the research described in this thesis was to evaluate the effects of perennial
ryegrass cultivars on 1) degradation of the herbage in the rumen of dairy cows, 2) the DMI,
digestibility and MP by dairy cows, and 3} the N utilisation by dairy cows. These effects were
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then related to sward characteristics and chemical composition of these cultivars, in order to
identify new selection criteria that may be used in grass breeding programmes.

Therefore, eight cultivars of perennial ryegrass were mown daily and fed to twelve dairy cows
housed in a tie-stall during two summers (2000 and 2001). During the first summer (2000),
samples of the herbage were collected and these samples were incubated in the rumen of dairy
cows. The results of the degradation characteristics of the eight cultivars during the growing
season are described in Chapter 2. The intake, digestibility and MP of twelve dairy cows fed
eight perennial ryegrass cultivars are described in Chapter 3, and the N utilisation of the dairy
cows of six cultivars in Chapter 4. After two years of stall feeding, four cuitivars out of the
eight were selected based on contrasting chemical composition, and were sown in the autumn
of2001. In the summers of 2002 and 2003, the DMI, grazing behaviour, MP and N utilisation
by twelve grazing dairy cows were determined and the results are described in Chapter 5. In
the general discussion, the data of the stall-feeding experiment and the grazing experiment are
compiled and the effects of cultivar and growing period on the DMT and MP of dairy cows are
discussed. Moreover, the effect of differences between years and within years in N
fertilisation level on herbage growth and chemical composition of the herbage are described.
Finally, the N metabolism in the grass-fed and grazing dairy cows, and the opportunities to
use milk urea N to predict urinary N excretion are discussed.



Chapter 2

Rumen degradation characteristics of perennial ryegrass
cultivars during the growing season

B. M. Tas, H. Z. Taweel, H. J. Smit, A. Elgersma, J. Dijkstra, 5. Tamminga

Submitted to Animal Feed Science and Technology
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Abstract

The objective of this experiment was to evaluate the effects of sward characteristics and
chemical composition of eight diploid perennial ryegrass cultivars during the growing season
on degradation characteristics in the rumen of dairy cows. As part of an indoor-feeding
experiment with dairy cows conducted in summer 2000, dry matter (DM) yield and
morphology of grass plants were measured and grass samples were collected of eight cultivars
in seven two-week periods during the summer. The sward characteristics, chemical
composition and rumen degradation characteristics were determined and tested for differences
among cultivars and periods.

Cultivars tended to differ in DM yield. Very small variation was found among cultivars in
neutral detergent fibre (NDF) content and NDF degradation in the rumen. Of the eight
cultivars, two had higher water soluble carbohydrate (WSC), intermediate to low crude
protein {CP), and lower NDF content, and intermediate to high fractional degradation rates of
organic matter (OM), CP and residue (RES = OM — CP - NDF). In both cultivars effectively
degraded OM (EDgn) and RES (EDggs) were higher and ratios between effectively degraded
N and OM or carbohydrates (CB = NDF + RES) available for microbial growth in the rumen
were lower.

DM vyield, plant morphology and chemical composition of the grass differed more among
periods than among cultivars. Grass in the reproductive stage had a higher NDF content and a
lower fractional degradation rate of NDF. A higher CP content in grass resulted in a higher
degradation rate and this was associated with a higher effectively degraded CP (ED¢p) and
EDgy and higher N:OM and N:CB ratios in the rumen. The ratios N:OM and N:CB exceeded
the theoretical optimum for microbial growth and this may lead to rumen excess of N, which
will be excreted in the urine.

Keywords: perennial ryegrass; cultivar; rumen degradation; nitrogen; water soluble
carbohydrate.
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Rumen degradation of peremnial ryegrass

Introduction

In Western Europe, prass and grass products are primary forages for dairy cows, because of
their high dry matter yield and high nutritive value. The nutritive value is determined by the
chemical composition of grass, which may vary considerably and is influenced by many
genetic and environmental factors. Among these faclors are grass species and variety, climate
and growing conditions (e.g. temperature, rainfall and light intensity), soil type, and grassland
management (e.g. fertilisation level, harvest date, regrowth stage, and growing days). These
factors also determine the degradation characteristics in the rumen of dairy cows (Van
Straalen and Tamminga, 1990), which play an important role in the nutritive value of grass. In
intensive sytems, grasslands are predominantly pure grass swards and perennial ryegrass
(Lolium perenne L.) is the most abundant grass species. Fertilisation levels are high (250 -
400 kg N/ha per yr) and grass is cut or grazed frequently at a young and leafy stage during the
growing season { Whitehead, 2000).

The young and leaty grass is characterised by a high content of soluble proteins with a high
rate and extent of degradation by microbial proteases in the rumen (Tamminga et al., 1990).
As their primary source of energy, ramen microbes use carbohydrates that are in fresh grass
mainly present as soluble sugars, fructosans and cell wall polysaccharides. Once released
from the cells, the water soluble carbohydrate (WSC) fraction (i.e. free sugars and fructosans)
is rapidly, almost instantly and completely degraded (Boudon et al, 2002). Cell wall
polysaccharides are however degraded at a lower rate and extent, which depends on the
organisation and structure of the cell wall (Chesson and Forsberg, 1988). Differences in the
protein to carbohydrate ratio in grass, as well as differences in solubility and rate of
degradation may cause an imbalance between rumen degradable protein and energy. The
excess of rumen degraded protein is absorbed as ammonpia through the rumen wall, converted
to urea in the liver and excreted with urine (Tamminga, 1996), resulting in a loss of up to
35 % of protein intake (Van Vuuren et al., 1992),

Grass breeding may be a way to balance the supply of protein and energy for microbial
synthesis. Within different grass species it has been shown that cultivars of perennial ryegrass
differ in their in vitro digestibility {(Beerepoot et al,, 1994; Wilkins, 1997} and that breeding
for digestibility can improve the utilisation by the dairy cow (Vogel and Sleper, 1994).
Moreover, cultivars of perennial ryegrass have been selected for an elevated WSC content
(Humphreys, 1989), which may lead to less protein losses due to changes in microbial
degradation (Miller et al., 2001). Due to differences among different plant parts (e.g. leal
blade, stem, and pseudo-stem) in chemical composition, digestibility (Wilman and Altimimi,
1982}, intake and rumen degradation (Poppi et al., 1981), others have focused more on the
morphological structure of grass cultivars and its effect on intake and digestibility (Hazard et
al., 1998}

11
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More information is needed on differences among cultivars of perennial ryegrass in their
rumen degradation to identify potential traits to include in grass breeding and selection
programmes. Therefore, this study aimed to evaluate the sward canopy characteristics, the
chemical composition and the degradation characteristics of OM, CP, NDF and RES in the
rumen of dairy cows of eight perennial ryegrass cultivars, which were sequentially harvested
after re-growth periods of three to four weeks during the summer.

Materials and methods
Samples and preparations

Rumen degradation characteristics were determined with nylon bag incubations of eight
cultivars (1 to 8) of diploid perenntal ryegrass (Lolium perenne L.) during spring 2001 in The
Netherlands. Grass samples originated from an indoor feeding experiment conducted in
summer 2000, in which fresh grass was mown and fed daily to twelve dairy cows. The eight
cultivars were selected from the Dutch List of Recommended Varieties (Bonthuis and
Donner, 2001}, based on intermediate (May 25 to June 1; cultivars 1, 2, 6, 7 and 8) and late
(June 7 to 10; cultivars 3, 4, and 5) heading dates. Cultivars further varied in DM yield,
persistency, winter hardiness, and crown rust resistance, and culiivar 1 was also chosen
because it was bred for an elevated WSC content.

This experiment was divided in two sub-experiments: I and I1. In experiment I, cultivars 7 and
8 were mown in each of four periods on June 21 and 22 (period 1), July 19 and 20 (period 3),
August 16 and 17 (period 5), and September 13 and 14 (period 7). Cultivars 1 to 6 in
experiment IT were mown in three periods on July 5 and 6 (period 2), August 2 and 3 (period
4} and August 30 and 31 (period 6). See Table 1 for information about cutting and fertilisation
management and growing conditions. The grass was mown between 13.00 and 15.00 h and
the DM yield’ha was determined by weighing first the total fresh weight of grass. Then of
each cultivar two samples were taken with a grass core (i.d. 3 ¢m), one sample was oven-
dried at 70 °C overnight and the other sample was stored in the freezer at —20 °C. The frozen
samples of the two consecutive days were pooled to one sample for each cultivar in each
period, and in total 26 grass samples were obtained. Another sample of the grass was taken by
hand, grass plants were divided in leaf blade, pseudo-stem, stem, ear and dead plant parts and
these parls were dried at 70 °C overnight and different plant parts were expressed as
proportion of total DM weight.

The frozen grass samples were freeze-dried and cut with a paper cutter at a length of approx.
I cm. Nylon bags with an inner size of 14.5 X 8 cm and a pore size of 40 pm (PA 40/30,
Nybolt, Switzerland) were filled with approx. 5.3 g DM of these freeze-dried grass samples.
During filling of the bags, grass was sampled and later ground (1 mm sieve; Retsch, ZM1),
for chemical analysis.

12
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Table 1 Cutting and fertilisation management and weather conditions during the growing

periods.

Periods l 2 3 4 5 6 7

Date 21-22 5-6  19-20 23 16-17  30-31 13-14
June July July August  August  August September

Growing days 22/23 21/22 23/24 22/23 23724 - 26/27 26/ 27

N fertilizer (kg/ha) 45 45 47 47 40 40 40

In growing period

Irradiation (MJ/m’/d) 19.6 17.6 13.8 14.5 15.4 15.1 10.7

Temperature (°C/d) 16.8 159 143 15.6 17.8 17.2 15.7

Precipitation {mm) 84.9 36.9 73.5 94.6 48.0 21.5 20.5

Rumen incubations

Rumen incubations were carried out with twelve rumen cannulated dairy cows and the
handlings with the cows were approved by the Experimental Animal Committee of
Wageningen University, The Netherlands. The grass samples were incubated in the rumen for
2,4, 8, 16, 24, 48 and 336 h. Six cows, 168 + 19 days in milk and producing 28.7 + 0.3 kg/d,
were used for short time incubations (2 to 48 h). Cows were continuously stocked on a
pasture predominated by perennial ryegrass, milked twice a day and fed 2 kg DM of
concentrate feed after each milking. The other six cows were used for the long time
incubations (336 h). These cows were housed indoors and fed a grass-maize silage diet
supplemented with concentrate feed.

The all-out method was applied. For incubation times 2, 4 and 8 h one bag, 16 and 24 h two
bags and 48 h three bags of each sample were incubated in each cow. After removal from the
rumen, bags were immediately placed in ice water for 5 minutes to stop fermentation, and
later rinsed with tap water. Then the bags were washed in a washing machine (50 min, 70 L
cold water without centrifuging (wool program), including not-incubated bags (0 h) to
determine the washable (W) fraction. After washing, bags were frozen at 20 °C, freeze-
dried, acclimatised to air and weighed. Residues were pooled within incubation time of each
cultivar in each period and pooled residues were ground through a 1 mm sieve (Retsch, ZM1).

Chemical analyses

Grass samples and pooled residues were analysed for dry matter (DM), inorganic matter
(ASH), CP (6.25 x N), and NDF. Moreover, grass samples were analysed for acid detergent
lignin (ADL) and WSC. DM was determined by drying at a constant weight at 103 °C (ISO
6496), and ASH by combustion at 550 °C (ISO 5984). N was determined with CuSO, as
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catalyst (ISO 5983). NDF was analysed according to a modified method of Van Soest et al.
(1991) as described by Goelema et al. (1998), and ADL according to Van Soest (1973). WSC
was analysed as described by Van Vuuren et al,, (1993), but soluble sugars were extracted
with water instead of ethanol.

Calculations of degradation characteristics

Degradation characteristics were calculated for organic matter (OM = DM - ASH), CP, NDF
and residue (RES = OM — CP — NDF), Organic matter, CP, NDF, and RES were classified in
three fractions: a W fraction by the disappearance of material after washing in the washing
machine which is assumed to be rapidly degradable; a truly undegradable fraction (U),
measured as the asymptote of the degradation curve at infinite incubation time; and a
potentially degradable fraction (D =1 - W - U). The fractional rate of degradation of the D
fraction (kq, in /h) was calculated using a first order medel without a lag time as described by
Robinson et al. (1986): Rt = U + D x e “*9* " where Rt is the residue after incubation and t is
time of incubation (in h). Data was also fitted with a model including a lag time, but results
are not presented because the lag time was small and no improvement in the curve fit was
observed. The contents of effectively degraded (ED) OM, CP, NDF and RES in the rumen
were calculated as ED = W + (D x ky ) / (ka + k;) as described by Van Vuuren et al. (1990),
assuming a fixed fractional passage rate (k) of 0.045/h for OM, CP and RES (Tamminga et
al., 1994) and 0.02/h for NDF (Van Vuuren et al., 1992). The hourly effective degradation
was calculated ED = W + [(D x kg ) / (kg + kp)] % [ - " ® ¥ according to Sinclair et al.
(1993). The difference in comulative amounts degraded at successive hours was regarded as
the amount degraded each hour. The ratios N to OM and N to carbohydrates (CB = NDF +
RES} (both in g/kg) were calculated for the contents in grass (N:OM and N:CB), the contents
washed out (Wx.om and Wy.cp), and the extent of effective degradation (EDn.om and EDn.cg).

Statistical analyses

The fractional rate of degradation and the U fraction were estimated with the NLIN procedure
in SAS 6.12 (SAS, 1989). Due to different growing conditions, sampling plot within paddock
and different paddocks between cultivars 1 to 6 and cultivars 7 and 8, pertod was regarded as
an independent variable. Therefore, data from experiments I and Il were analysed separately.
Both experiments were analysed according to a two-way ANOVA with the GLM procedure,
with cultivar and peried as independent variables in the model. If the means of cultivars or
periods differed significantly (P < 0.05) then the all-pairwise comparisons test of Student-
Newman-Keuls was used to separate the means. Regression analyses were done with the REG
procedure in SAS.
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Results and discussion
Cultivars: chemical compesition and degradation characteristics

The cultivars means for sward characteristics, chemical composition, and degradation
characteristics are presented in Table 2. Cultivars 7 and 8 in experiment I had a very similar
DM vyield, chemical composition and degradation characteristics. Only Ugp differed
significantly. In experiment II, DM yield differed more than 300 kg DM/ha among cultivars
and there was a tendency (P = 0.06) for a lower DM vyield of cultivar 3. The OM content
varied only slightly (10 g/kg), but the kg of cultivar 1 was higher (P < 0.05) than of cultivar
6 (0.054 vs. 0,045/h). The mean CP content of cultivars 1 to 6 was relatively low compared to
that of cultivars 7 and 8 and also compared to what has been reported by others dealing with
similar soil type, N fertilisation level and DM yield (Van Vuuren et al., 1991) and days of re-
growth (Valk et al., 1996). The difference between experiment I and IT may be caused by a
different N supply from the soil between the two paddocks, due to another history in
cultivated crops and fertilisation management. The difference among cultivars in CP content
was 8.8% of the mean, with cultivar 3 being higher than cultivars 4 and 5. The kyce was
almost 0.02/h higher than the kyop and similarl to what was found for OM, cultivars 1 and 5
had a higher ki cp than the other cultivars, although for OM the differences were smaller and
not significant. The mean NDF content ranged from 400 to 422 g/kg DM and the difference
among cultivars was only 5 % of the mean. The mean kgnre of 0.025/h was low in
comparison with Van Vuuren et al. (1992) and Valk et al. (1996) with similar NDF contents
and the difference in kqnor among cultivars was only 0.003/h.

The RES was calculated by subtraction and due to either a higher OM (cultivar 1}, or a lower
CP (cultivar 4) and lower contents of NDF (cultivar 1 and 4), these two cultivars had a higher
RES content (£ < 0.05). Similar differences (some 40 g/kg DM} were found for the WSC
contents among cultivars, which agrees with differences among cultivars of perennial ryegrass
as found by Smith et al. (1998) and Miller et al. (2001). The higher RES and WSC contents of
cultivars 1 and 4 were associated with a 0.02 to 0.03/h higher k,ggs than the other cultivars,
although this difference was not significant.

Periods: chemical composition and degradation characteristics

Means of sward characteristics, chemical composition and degradation characteristics in the
different periods of cutting are presented in Table 3. Herbage growth rate depends largely on
light intensity (irradiation), temperature and rainfall and their interaction. Normally, the
maximum growth rate and yield are reached in July and then decrease (Deinum 1966). The
decrease in growth rate with the progression of the season was found in both experiments, but
the decrease in herbage yield was compensated by the 3 to 5 days more regrowth in the last
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Table 2 Means of cultivars in sward and plant characteristics, chemical composition and

degradation characteristics.

Experiment 11 Experiment I
Cultivars' 1 2 3 4 5 6 7 8
Herbage yield 211 2199 1891 2132 1995 2129 1998 2007
{kg DM/ha)
Growth rate 90 95 81 91 85 91 84 84
(kg DM/ha/d)
Leaf blades® 0.88 0.79 0.89 0.88 0.82 0.76 0.76 0.77
OM{(g/kg DM)  890.3*  8B5.1%  £843™  886.1%  88%26®  879.5° 892.4 £91.9
Wom 0.100 0.101 0.099 0.112 0.111 0.113 0.113 0.103
U 0.172 0.156 0.152 0.154 0.163 0.157 0.154 0,165
kgom () 0.054°  0.047%  0.046®  0.050* 0051  0.045° 0.045 0.047
CP (g/kg DM) 165.3%¢  165.1%  172.5° 158.0° 163.3%  167.1% 188.7 188.9
Wep 0.069 0.061 0.067 0.067 0.060 0.081 0.089 0.097
Uep 0.181°  0.152° 0.174® 0170  0.167°  0.158% 0.141*  0.151°
kacr (/) 0.073 0.066 0.067 0.067 0.071 0.067 0.067 0.071
NDF (ghkg DM)  400.3°  4124% 41117 4014  408.8% 42217 4245 4236
ADL (gkg DM)  16.8 16.4 159 17.0 15.2 17.0 18.0 18.3
Unor 0.144 0.138 0.125 0.137 0.145 0.144 0.142 0.154
kanor (M) 0.025 0.024 0.025 0.025 0.027 0.025 0.026 0.024
RES (gkg DM) 32477 307.6% 3007  326.7° 310.5%  290.3° 279.2 279.4
WSC (kg DM)  181.3*  160.3° 152.7° 180.2° 156.6" 140.8° 119.9 120.5
Whes 0,279 0.315 0.303 0.307 0.310 0.305 0.319 0,297
Unes 0.142 0.143 0.150 0.137 0.138 0.139 0.138 0.137
k4, res (h) 0.151 0.131 0.117 0.143 0.130 0.120 0.105 0.108
abed

1

Means within row and experiment with different superscripts differ significantly (P < 0.05).

OM = organic matter, CP = crude protein, NDF = neutral detergent fibre, ADL = acid detergent

lignin, RES = residue {(OM — CP — NDF), W is washable fraction at t = 0; U is undegradable
fraction estimated at t = oo; ky is fractional rate of degradation of the potential degradable

fraction.
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Rumen degradation of perennial ryegrass

two periods. Remarkably, the highest yield (P < 0.05) and growth rate were measured in
period 3, whereas in this period the lowest temperature and one but lowest radiation were
measured (Table 1). In experiment I, OM content varied among periods and small but
significant differences were observed. The kqonm was more than 0.01/h higher (n.5.) in period
3 than in periods 5 and 7. This may be due to the higher CP and lower NDF content
(P < 0.05) in period 3 than in the last two periods. Although the CP content differed between
periods 1 and 3 (P < 0.05), degradation characteristics were similar {except the Ucp). The Wcp
was lower but the Ucp was higher in periods 5 and 7 than in periods 1 and 2 and therefore the
D fraction was only slightly higher in periods 5 and 7.

The k4cp was, however, more than 0.02/h lower in the last period than in the first two periods
(n.5.). The opposite was found for the kywpr where in period 1 and 7 the NDF content was
almost similar, but in period 1 the kynpr was lower and Uypg higher (P < (1.05} than in period
7. This was most likely due to the higher proportion of stems and a higher lignification of the
NDF in period 1 than in period 7. The ADL content was 10 g/kg DM higher in period 1 than
in the other periods (P < 0.05) and ADL as fraction of NDF was 57.4 and 35.7 g/kg in periods
1 and 7, respectively. Changes in the rumen degradation characteristics of NDF (kgnpr, Unpr)
therefore may result from changes in the leaf blade to stem ratio and from changes in the NDF
structure. In general the stems of perennial ryegrass have higher cell wall contents and are less
digestible than leaves (Wilman and Altimimi, 1982). In vitro fungal degradation of leaf cell
walls was found to be slightly higher than stem cell walls of young ryegrass (Sijtsma and Tan,
1996). Akin (1989) argued that the lower fractional rate of degradation may be caused by the
presence of highly lignified tissues, but also by the presence of chemical barriers within cell
walls. The lower NDF content in period 3 also resulted in a higher kynpr (P < 0.05). The RES
content and the Wgrg were lower and the Ugrgs was higher in period 7 than in the other
periods, but the kq ges did not differ significantly among periods. WSC content varied with the
season and did not decrease as RES content did in the last period.

In experiment II, CP content was highest in period 2 and lowest in period 6 (Table 3). The
fertilisation level was similar in all periods as shown in Table 1, and growing conditions were
poorly related to the CP content. With this decrease in CP content, the kg cp decreased whereas
the Ugp increased. Most likely due to the lower proportion of leaf blades in period 2, the NDF
(P < 0.05) and ADL (n.5.) contents were higher in this period than in the other periods. As a
consequence of the higher CP and NDF content (£ < 0.05), RES content (£ < 0.05) was lower
in period 2 (P < 0.05). Similar as RES content, WSC content increased with the season (P <
0.05).
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Effect of chemical compesition en degradation characteristics

Although OM content varied among the six cultivars in experiment II and among the periods
in experiment I (P < 0.05), differences in OM content were small. Furthermore, very small
differences were found among cultivars and periods in NDF content and as a result no
relationships were found between the content and the degradation characteristics. The ADL
content was an almost constant proportion (0,288 + 0.019) of the Unpr, regardless cultivar or
period. Moreover, kynpr Was only slightly (R’ = 0.30) related with kqon in our experiment,
whereas calculated from therr data, Van Vuuren (1992) and Valk et al. (1996) found a much
higher relation (R” = 0.93). In their experiments the average kgnpr Was also only slightly
lower (0.0065 - 0.007/h) than kyom, Whereas we have found a more than 0.02/h lower kqynpr
than kd,OM-

In experiment 11, CP content showed a positive relation with kycp (R® = 0.69) and a negative
relation with Ucp (R> = 0.71), whereas there was no relation with Wcp. These relationships
were mainly found due to the relatively large difference between period 2 and periods 4 and 6
in cornparison with the small differences among cultivars. Between cultivar 7 and 8, Uep was
also negatively related with the CP content (R? = 0.60), but there were no relations with Wep
and kgcp. Van Vuuren et al. (1991} and Valk et al (1996) found an increase of Wc¢p with an
increasing CP content, but these differences were mainly found at higher N levels (400 and
700 kg N/ha per yr and 450 kg N/ha per yr, respectively) than the 300 kg N/ha per yr in our
experiment. At lower N levels, Van Vuuren et al. (1991) also did not observe a higher Wcp. In
agreement with Van Vuuren et al. (1991) and Valk et al. (1996), Ugp decreased with an
increasing CP content. This was caused by the season and not by cultivar differences, because
the only significant difference in Ucp was found between cultivar 1 and 2 with a similar CP
content. Except the high Ugp in period 1, Ugp increased with the progression of the season in
agreement with Steg et al. (1994). Together with a decrease in CP content with the season,
this resulted in an almost constant amount of Ugp. The amount of degradable CP was
positively related (R’ = 0.43) with kqcp, in agreement with Valk et al. (1996).

In contrast with kqnpr, the kgcp was positively related (Rz = (,59) with the kyon, whereas it
was not related with the kqnpr. This indicates that in contrast with Valk et al. (1996), the kqom
depended in this experiment more on the kycp and thus CP content rather than on kanpr and
NDF content. In the experiment of Valk et al. (1996), part of the determined NDF must have
originated from CP based on relatively high neutral detergent insoluble N (NDIN) contents in
CP of 350 to 500 g/kg. These high values were most likely caused by oven-drying, where
freeze-drying resulted in lower NDIN contents. The freeze-dried samples in our experiment
resulted in a lower average NDINcp (NDIN x 6.25) content of 28.8 + 5.6 g/kg DM and
NDIN¢p as proportion of CP in grass of 0.17 — 0.18. The NDIN¢p increased with CP content
(R? = 0.65) and was related with the Ugp (R’ = 0.32), whereas NDINcp as proportion of CP
did not show a relation with both CP content and Ucp. After incubation, samples were also
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Table 3 Means of periods in sward and plant characteristics, chemical composition and

degradation characteristics.

Experiment I Experiment 11
Periods’ 1 3 3 7 2 4 6
Yield (kg DM/ha) 2102 2253° 1904 1751° 1993 2088 2147
Growth rate 93 96° 81° 66° 93° 93 81°
(kg DM/Ma/d)
Leaf blades 0.46° 0.78" 0.90° 0.91* 07" 0.89° 0.90°
OM (g/kg DM) 9117 890.5° 878.2° 888.2° 8858 882.2 386.0
Wom 0.117 0.138 0.094 0.034 0.087" 01120 0,118
Uom 0.187° 0.140° 0.146° 0.166° 0.167" 0.149° 0.160°
kgom (/h) 0.047 0.054 0.043 0.041 0.052 0.048 0.047
CP (g/kg DM) 181.1° 219.0° 169.3° 185,9" 200.7° 150.4° 144,5°
Wee 0.127° 0.122° 0.052° 0.070° 0.07.5 0,062 0.066
Ugp® 0.142° 0.110° 0.159° 0.173* 0.135° 0.174° 0.189"
kocp () 0.079 0.080 0.062 0.057 0,078 0.064" 0.063"
NDF (g/kg DM) 442.7° 386.9° 424.3° 442 4° 416.9° 4057 405.6°
ADL (g/kg DM) 25.4° 15.6° 15.8° 15.8° 17.6 15.5 16.1
Unipr 0.189 0.133 0.128 0,142 0.148 0.126" 0.143°
Kapor (/) 0.021° 0.029° 0.025° 0.025" 0.026 0.025 0.024
RES (g/kg DM) 287.9° 284,7° 284.6° 259.9" 268.2° 326.1° 335.9°
WSC (g/kg DM) 131.5 115.5 120.7 113.2 120.5° 171.5° 193.9°
Wees 0.331° 0.359° 0.298% 0.244° 0.305 0.303 0.302
Uges 0.126° 0.111* 0.136* 0.177° 0.144 0.136 0.144
Kares (/h) 0.120 0.107 0.095 0.103 0.112° 0.141° 0.143°

b4 Means within row and experiment with different superscripts differ significantly (P < 0.05).

OM = organic matter, CP = crude protein, NDF = neutral detergent fibre, ADL = acid detergent

lignin, RES = residue (OM — CP — NDF), W is washable fraction at t = 0; U is undegradable
fraction estimated at t = oo; ky is fractional rate of degradation of the potential degradable

fraction.

DM weight of leaf blades as proportion of total DM weight of the plants.
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freeze-dried and this might be an explanation for the lower fractional rate of degradation of
the NDF in comparison with Van Vuuren et al. (1991), Van Vuuren et al. (1992} and Valk et
al. (1996). Calculated from data of Valk et al. (1996), NDINcp was on average 89.9+ 5.1 g/kg
DM and NDF corrected for this fraction equalled 399.1 + 7.7 g/kg DM, which corresponds
well with the freeze-dried NDF we obtained in our experiments. Valk et al. (1996) assumed
that NDIN might be degraded at a higher rate than cell walls and thus have increased the
average kqnpr. This is in line with the absence of a relation between kqcp and kynpr in our
results, whereas Valk et al. (1996) found a high relation (R = 0.88).

WSC showed a high linear relationship with RES (WSC = -165.8 + 1.04 x RES; R? = (.92).
The WSC content as proportion of RES ranged from 0.43 to 0.56, which is higher than the
Whgzes which ranged from 0.24 to 0.38. This indicates that at most 62 % of the WSC was
washed out of the bags, which is similar as found by Boudon and Peyraud (2001) who
reported that less than 60 % of total soluble carbohydrates disappeared after ingestive
mastication. Furthermore, RES and WSC content were positively related with the amount of
WRES (R2 =0.44 and R’ = 0.28). Only 28 % of the variation in the amount of Wggs couid be
explained by the WSC content and this may have been a result from the presence of intact
cells in the freeze-dried samples before rumen incubation.

Sample preparation and degradation characteristics

The Wom and Wep fractions were small in our experiment. Sample preparation is an
important factor, which influences the W fraction, notably that of CP. Huntington and Givens
(1997) showed that freezing grass silage before rumen incubation decreased the soluble
fraction in comparison with freshly incubated grass silage. Van Vuuren et al. {1993) and
Lopez et al. (1995) reported an increase of the soluble fraction of fresh grass after drying and
grinding at 3 mm and 2.5 mm, respectively, in comparison with frozen grass cut at approx. 1
cm with a paper cutter. In our experiment, after freeze drying grass was cut with a paper cutter
at a length of approx. 1 ¢cm as was done by Van Vuuren et al. (1991), Steg et al. (1994), and
Valk et al. (1996) with fresh grass. The lower washable fractions may be caused, however, by
using freeze-dried grass in comparison with frozen and thawed grass. In the freeze dried grass
many intact plant cells were present and the soluble part of these intact cells was most likely
smaller than in fresh grass. This may also support the lower Wcp than W due to the lack of
loss of CP from intact plant cells.
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Table 4 Comparison of means of cultivars in the extent of effective degradation (ED) i the
rumen of OM, CP, NDF and RES and the ratio between N and energy (OM and CB) in the
grass, in the washable fraction (W) and in the extent of ED.

Experiment II Experiment [
Cultivars' 1 2 3 4 5 6 7 8
EDem (2'kg DM) 442,50 4259%  4228% 409" 4392° 42030 8.2 423.6
EDgp (kg DM) %85 883 905 835 280 90.0 104.4 105.2
EDwpr (g/kg DM) 189.5 1921 2001 193.0 1998 1988 2033 196.1°
EDges {(g/kg DM) 236.0% 221.0°7 209.8¢ 238.1° 2235 206.1° 195.5 194.6
N:OM (g/kg) 297 299 312 285 296 30.4 33.8 33.9
Wiom (k) 221 187 226* 179 172 237 26.0° 31.5%
EDyoy (g/kg) 321 332° 342° 303 3200 34.3° 8.7 39.5
N:CB (g/kg) 367 370 390 349 366 37.7 43.1 43.1
Wyen (2kg) 21.2% 174 216° 173 17.8° 24.8° 29.8 35.6
EDncs (8/kg) 33.9°  Mg* 357 313 33.8% 3600 41.8 43.0

#0540  Means within row and experiment with different superscripts differ significantly (P < 0,05),
! OM = organic matter, CP = crude protein, NDF = neutral detergent fibre, ADL = acid detergent
lignin, RES = residue (OM — CP — NDF}, ED = extent of degradation, N:OM, Wy.au EDw.aum = ratic
between N and OM in the grass, in the washable (W) fraction and in the extent of degradation,
respectively. N:CB, Wy.cs EDn.cs = ratio between N and carbohydrates (CB = NDF + RES) in the

grass, in the washable (W) fraction and in the extent of degradation, respectively.

Effective degradation in the rumen

The mean contents of effectively degraded OM (EDgy), CP (EDcp), NDF (EDypf) and RES
(EDggs)} in the rumen are presented in Table 4 for cultivars and in Table 5 for periods. In
experiment I, cultivars differed only slightly, though significantly in EDnpr. In experiment II,
the conients of EDoy and EDges of cultivars 1, 4, and 5 were significantly higher than of
cuitivar 6, Differences among cultivars in EDcp and EDnpr were small and not significant. In
experiment [, EDgy and EDcp contents were highest (P < 0.05) in period 3 and lowest
(P < 0.05) in periods 5 and 7 (Table 5). The content of EDwpr was lower (P < 0.05) in period
1 than in periods 5 and 7 with similar NDF contents, due to the lower kanpr in period 1. The
EDges was lower in the last period due to a lower RES content and Wres and a higher Uggs.
In experiment II, the EDonm did not differ among periods and only a small but significant
difference in EDypr was found. The ED¢p was around 1.5 times higher in period 2 than in
periods 4 and 6, whereas the opposite was found for EDggs.
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The mean EDgy contents of 430 + 4.0 g/kg was similar as found by Steg et al. (1994), but in
their experiment grass was harvested in a more mature stage with higher DM yields and
higher NDF contents. Van Vuuren et al. (1991) and Valk et al. (1996) had higher EDon
contents due to higher degradation rates. The Wep in the experiments of Van Vuuren et al
(1991) and Valk et al. (1996) were similar as in our experiments, but the kycp was higher and
as a result the EDcp were on average 0.69 and 0.65 of CP content in the grass, respectively. In
our experiments, the average EDcp of CP in grass was less and equalled 0.54. This may
indicate that supply of feed CP in the small intestine was higher in our experiment than
compared with Van Vuuren et al. (1991) and Valk et al. (1996). However, it might be better
explained by the relationship between the determined fractional rates of degradation and the
assumed fixed fractional rates of passage.

Table 5 Comparison of means of periods in the extent of effective degradation (ED) in the
rumen of OM, CP, NDF and RES and the ratio between N and OM and between N and CB in
grass, the washable fraction (W) and the extent of ED.

Experiment Experiment II

Periods' 1 3 5 7 2 4 6

EDgy (g/kg DM) 429 8" 474.7° 407.0° 392.1° 429.5 435.5 430.8
EDcr (g/kg DM) 107.3° 134.1* £6.2° 91.5° 1152  76.9° 72.3°
EDwor (kg DM) 184.5° 199.5°  204.1% 2107 199.9° 1965 190.2°
EDggs (g/'kg DM) 208.9° 2084 194.2° 168.6° 187.0° 2374 242.9°
N:OM (g/kg) 31.8~ 39.3* 30.9° 33.5° 363 273" 26.1°
Wiom (g/kg) 35.2° 34.8° 17.3° 27.8° 3160 150 14.5°
EDyom (2/kg) 40.0° 45.2° 33.0° 37.4™ 429 283" 269"
N:CRB (g/kg) 39,7 52.2° 38.2° 423" 469" 329" 317
Wyen (gkg) 38.9° 92.2° 16.7° 33.0° 209° 151 15.1°
EDnes (2/kg) 43.6° 52.6° 347 38.6™ 4777 284" 267

8¢ Means within row and experiment with different superscripts differ significantly (P < 0.05).

: OM = organic matter, CP = crude protein, NDF = neutral detergent fibre, ADL = acid detergent
lignin, RES = residue (OM — CP — NDF), ED = extent of degradation, N:OM, Wy.om EDwom =
ratio between N and OM in the grass, in the washable (W) fraction and in the extent of
degradation, respectively. N:CB, Wy.ce EDn.cp = ratio between N and carbohydrates (CB =
NDF + RES) in the grass, in the washable (W) fraction and in the extent of degradation,

respectively.
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Figure 1 The mean hourly ratio between effectively degraded N and
OM and between effectively degraded N and carbohydrates (CB =
NDF + RES) of the cultivars 3 and 4 and of the periods 2, 4, and 6.

Ruminal degradability of N and energy

Microbes require nitrogen and energy for their growth, where it was found that optimal
microbial growth in the rumen occurred at around 25 g N/kg OM truly digested in the rumen
{Czerkawski, 1986) and at 32 g N/kg CB degraded in the rumen (Sinclair et al., 1991). At
higher than these optimal levels, the extra N will not be captured in microbial protein but will
increase the ammonia pool in the rumen. Ammonia will be absorbed into the blood and after
conversion in the liver to urea it will be excreted with the urine. This N excretion can be
decreased by partial replacement of grass by low protein/ high energy feeds (e.g. Van Vuuren
et al., 1993; Bargo et al., 2003) but another possibility might be by balancing the readily
available N by increasing the WSC content in grass (Miller et al., 2001). Miller et al (2001)
used therefore two cultivars of perennial ryegrass differing 39 g/kg DM in WSC content and
they found a higher proportion of N intake excreted in the milk ((.07) of dairy cows fed the
high WSC cultivar compared to the control. This was explained by a higher efficiency of
rumen microbial protein synthesis by an improved balance or synchrony of N and energy-
yielding substrates. However, Kolver et al. (1998) did not find an effect of synchronisation on
N utilisation by dairy cows fed a synchronous and an asynchronous diet. With our data, this
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asynchrony is illustrated in Figure 1, where the ratio between the hourly EDy and EDoy and
between EDy and EDcg is shown of cultivars 3 and 4 and of the three periods in experiment
II. During the first hours of rumen degradation the largest differences between cultivars and
periods were found. The EDy.om and EDy.cg were lower for cultivar 4 than cultivars 3 and 6
(Table 4) and this was mainly an effect of the lower (P < 0.05) CP and higher (7 < 0.05) RE3
content of cuitivar 4 than of the small differences in degradation rates. In both experiments,
the differences in chemical composition and in degradation characteristics were larger among
periods than cultivars. In experiment I, the difference in CP content and kacp between periods
3 and 5 clearly resulted in a difference in the EDw.om and EDw.cg (Table 5). A similar result
was found in experiment II with an aimost double EDy.cp in period 2 in comparison with
period 6 (Table 5). The difference in the hourly EDy.cp were even more pronounced {Figure
). If an increased WSC content among cultivars will lead to a more efficient microbial
protein synthesis and a higher N utilisation by dairy cows should be confirmed in a feeding
experiment with these cultivars.

Conclusions

The more pronounced differences among periods than among cultivars indicated that weather
conditions and grassland management had more effects on chemical composition and rumen
degradation than genotype of the cultivar. Differences among cultivars showed that with a
reduced CP content and an increased WSC content, the calculated supply of N in excess of
energy for microbial protein synthesis can be reduced. Whether there are also consistent
differences among cultivars in their nutrient supply to or N utilisation by dairy cows,
however, should be tested in feeding trials.
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Abstract

The effects of eight diploid perennial ryegrass (Lolium perenne L.) cultivars on dry matter
intake (DMI), digestibility (d) and milk production (MP) of dairy cows were evaluated in the
summer of 2000 and 2001. Each summer, herbage was harvested daily and stall-fed to twelve
dairy cows during six periods of two weeks each. Six cultivars were fed in three periods (1, 3,
and 3) according to a double 3 x 3 Latin square design. In the other periods (2, 4, and 6), two
cultivars were fed in a repeated measurement design. Herbage mass and proportion of leaf
blades in the sward canopy varied among cultivars, but differences were not consistent
between years. The largest differences in herbage composition were found in water soluble
carbohydrate (WSC) content, followed by crude protein (CP) content and only small
differences were found in the neutral detergent fibre (NDF) content. A higher WSC content
was found in two cultivars in both years, whereas ranking of cultivars in CP and NDF content
was not consistent with vears. There was no effect of cultivar on DMI and MP. In both years
the DM digestibility (dDM) was high (> 77 %), with very small differences among cultivars
in 2000 (< 0.5 %) and larger differences in 2001 (up to 4 %). This was associated with a
delayed heading date in 2001 resulting in larger differences in proportion of leaf blades and in
NDF content among cultivars.

Keywords: perennial ryegrass, cultivar, intake, milk production
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Intake and milk production of grass fed dairy cows

Introduction

In temperate areas of the world, intensively managed grasslands ar¢ dominated by perennial
ryegrass. This grass has a high DM yield per hectare and provides feed for dairy cows of a
high nutritive value at low costs. Because of the limited DMT of grass in high productive dairy
cows, the energy requirements for MP of these cows can not be met by prass intake alone.
DMI and dDM both determine the digestible DMI, which represents the amount of nutrients
that can be absorbed and utilised by the dairy cow for MP. DMI and 4DM are interrelated,
where DMI seems to be the most important factor in determining digestible DMI (Waldo,
1986). It is known that digestibility of forages is strongly related with cell wall content (NDF)
and its lignification (Van Soest, 1994). The NDF and acid detergent lignin (ADL) are thought
to limit digestible DMI due to the physical fill of the gastro intestinal tract (Waldo, 1986), of
which the rumen is supposed to be the most limiting compartment. Also, the absorbed
nutrients from end products of microbial fermentation in the rumen and digestion in the small
intestine may act as metabolic constraints in DMI (Illius and Jessop, 1996). From several
trials with grazing cows, Chilibroste (1999) concluded that not one single factor, but a
combination of physical and metabolic factors will constraint DMI.

The yield and nutritive value of perennial ryegrass are both determined by genetic factors
(grass species and variety) and environmental factors (e.g. climate and weather conditions,
soil type, fertilisation level, grazing and cutting management). There are many different
varieties of perennial ryegrass and they vary in their sward canopy characteristics. Some
authors reported small but consistent differences between grass varieties in in vitro
digestibility (Reed and Sutherland, 1994; Beerepoot et al., 1997) and such findings indicate
that there is potential for selection on this trait. Others focus more on the morphogenetic traits
as leafiness and leaf length to improve productivity of grass (Hazard et al., 1996), but also on
the nutritive value and effect on intake with grazing animals (Carrére et al., 2001). Moreover,
WSC content of perennial ryegrass cultivars was found to be a consistent and heritable trait
{Humphreys et al., 1989) and elevated WSC content increased the in vitro 4DM (Radojevic et
al., 1994) and efficiency of microbial protein synthesis (MPS) in vitro {Lee et al., 2002) and
resulted in a higher digestible DMI and MP by dairy cows (Miller et al., 2001). The focus of
grass breeding has been mainly on sward and plant characteristics, but it is recognised that
maximising DMI and optimising rumen function should be included in future breeding
programmes (Beever and Reynolds, 1994).

The aim of this paper was therefore to evaluate if cultivars of diploid perenniat ryegrass under
similar management and growing conditions differ in their sward canopy characteristics and
nutritive value and if the intake, digestibility and milk production of dairy cows were affected
by cultivar. If significant and consistent differences were found among cuitivars, there might
be a potential for grass breeders not only to include sward canopy characteristics, but also its
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nutritive value and effects on dairy cow’s production in their breeding and selection schemes
of new cultivars.

Materials and methods
Herbage

In antumn 1999, eight diploid perennial ryegrass (Lolium perenne L.} cultivars (cultivars 1 to
8) were sown on three adjacent paddocks with a clay soil. In summer 2000 and 2001 two
feeding experiments were conducted, in which grass cultivars were daily cut and fed to twelve
high productive Holstein-Friesian dairy cows. The individual DMI, apparent digestibility of
the diet (4), and MP were measured. An adaptation period of two weeks preceded the
experiments, which lasted twelve weeks divided in six periods of two weeks. In 2000, the
experiment was conducted from June 28 until September 15 and in 2001 from July 7 until
September 20. Cultivars 1, 2, 3, 4, 5, and 6 were fed in periods 1, 3, and 5, whereas cultivar 7
and 8§ were fed in periods 2, 4, and 6.

The eight cultivars were selected from the Dutch List of Recommended Varieties (Bonthuis
and Douner, 2001). Cultivars 1, 2, 6, 7 and 8 were chosen from the intermediate heading date
class and heading dates range from May 25 to June 1, whereas cultivars 3, 4, and 5 were
chosen from the late heading date class and heading dates range from June 7 to 10. These
cultivars further varied in herbage yield, persistency, winter hardiness, and crown rust
resistance. Cultivar 1 was also chosen because it was selected for an elevated WSC content.
Moreover, cultivars 7 and 8 were selected, because cullivar 7 showed a 2 % higher in vilro
digestibility than cultivar 8 (Beerepoot et al., 1997), and this will be compared with the in
vivo digestibility measured in the experiments.

Cultivars 1 to 6 were sown on paddock A previously cultivated with grass seed. This paddock
was divided in 21 blocks and each block was divided in six strips of 2 m wide. Within each
block, the six cukivars were assigned at random to a strip. Cultivars 7 and 8 were sown on
paddock B, previously cultivated with barley. This paddock was divided in 19 blocks and
each block was divided in two strips of 6 m wide. At random cultivar 7 and 8§ were assigned
to one of the two strips within a block. On the third paddock (C) cultivars 1 to 6 and cultivars
7 and 8 were sown in simtlar designs as on paddocks A and B, respectively.

Animals

Each year, twelve Holstein-Friesian dairy cows were used with approval of the Experimental
Animals Committee of Wageningen University. Tn 2000 all cows were multiparous, ranging
from their second to tenth lactation and an expected 305 days fat and protein corrected milk
production (FPCM)} of 8379 £ 250 kg/ 305 d. At the start of the experiment cows were 118 +
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