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Winter forage crop-fed dairy cattle excrete the largest proportion of their annual nitrogen (N)
leachate from the dairy system, during the winter period. Adjusting the supply of N to carbohydrate
in the diet is suggested to enhance the use of dietary N by the reticulorumen microbial population,
reducing the amount of N lost in urinary excrement. 150 pregnant, non-lactating, spring calving
Friesian Jersey cross dairy cattle were randomly blocked to three wintering systems: HK, early sown
kale, high allowance with barley straw (14, & 3 kg DM cow-1 day-1), MK, late sown kale, low
allowance with green chop oat silage (11, & 5 kg DM cow-1 day-1), and FB, fodder beet with ryegrass
balage (8, & 6 kg DM cow-1 day-1). Using the in sacco method, three ruminal cannulated cows
blocked to each wintering system had their respective crop (leaf and stem together) incubated for 0,
3, 6, 9, 12, 24, and 48 hours intra-ruminally. On three separate occasions 5 random cows from each
winter system had their grazing behaviour observed for 6 hours, including grazing activity, stance,
and fecal and urination events. In the in sacco study, crops had similar organic matter (OM)
degradability fractions with total rumen degradability reaching 91.5%. Similarly N degradability was
also similar for the three crops at 98%, where N disappearance rate was more rapid for FB compared
with kale diets. The apparent disappearance rate of N to OM was lowest for FB to that of both kale
diets (4.6 to 27.3 verse 13.5 to 48.4 g N kg OM-1), suggesting N use by reticulorumen microbes may
be more enhanced in the FB diet. In the behaviour study, FB cows spent less time grazing crop than
kale feed cows (156.7 verse 254.7 minutes). By 6 hours from allocation due to the high digestibly of
all crops intake satisfactory behaviour possible indicated the end of the grazing bout, with maximum
crop utilisation achieved (98, & 88 %, FB and kale diets) by this time. FB diet could be expected to
have the most influence on reducing urinary N loss in winter grazing systems, with microbial N use.
Rapid crop intake allows for wintered cattle to be feed in situ while managed with a standoff pad to
capture and spread nutrient output, potentially migrating environmental risk.
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1. Introduction
Non-lactating, pregnant dairy cattle require on average approximately () 1.07 mega joule (MJ) of
metabolisable energy (ME)/ kilogram (kg) of body weight0.75 to meet maintenance, pregnancy, and
activity requirements, whilst recovering body reserves lost during lactation (Mandok et al., 2013).
Due to reduced pasture growth in Canterbury during winter (80 to 14 kg DM ha-1 day-1,
respectively January, and July), existing stocking rates (3.4 cow ha-1) used through seasonal
lactation are unable to be supported via pasture production during the period (DairyNZ, 2010a,
2012). Annual forage crops particularly from the Brassica family, such as kale (Brassica oleracea
ssp. acephala), and Rape (Brassica napus ssp. biennis), and more recently from the Beta family,
fodder beet (Beta vulgaris subspecies vulgaris L.) are used in Canterbury dairy systems as energy
during winter, as an alternative to pasture. Annual forage crop species (brassica, and beta) are ideal
for a winter feed as their interception of solar radiation during the growing season allows for the
accumulation of a high quantity dry matter, that can be carried through the winter with minimal
nutritional degradation (Judson and Edwards, 2008). Previous studies have shown typical yields of
kale to reach 10- 12 t DM/ ha, and fodder beet yielding 18- 25 t DM/ ha with both crops maintaining
metabolisable energy contents of greater than 12 MJ ME/ kg DM (DairyNZ, 2010b; Gibbs, 2011;
Judson and Edwards, 2008; Westwood et al., 2012).
Winter forage crops are most commonly grazed in situ with animals usually being given a new
allocation every 24 hours. Allocations are usually restricted to between 6 and 14 kg DM of crop/
cow/ day and the balance of energy requirements is made up from a high fibre supplement, such as
straw or silage. Due to the high crop yields stocking densities through the winter months can reach
17, and 50 cows/ ha respectively for kale and fodder beet (or 1000, and 1800 cow ha-1, as daily
feed allocation). Large N losses in animal excreta (primarily urine) from the oversupply of daily N
requirement, is compounded by the high animal stocking rates used under these systems. N losses
during the winter have been identified to be responsible for 60 % of N leaching from the dairy
system, whilst only accounting for 15 % of the total land area in the system (Cameron et al., 2013;
DairyNZ, 2011; Monaghan et al., 2007). With N leaching (primarily nitrate (NO3-)) levels under
forage crops systems in the region of 50- 60 kg N per ha per year, primarily not impeded by plant N
uptake, represents a significant environmental damaging nutrient out flow from the forage crop
system (Andrews et al., 2007; Chrystal et al., 2012; Smith et al., 2012).
Reducing N losses under grazing systems can be achieved by reducing total N intake and improving
the balance of supply of N and energy (Hoekstra et al., 2008). The positive relationship between N
intake and urinary N losses is well established (Higgs et al., 2013; Tas et al., 2006). However, the
benefits of diet synchrony have been observed in vitro, the number of trials indicating in vivo benefits
1

to N use efficiency (NUE) are typically low (Eriksson et al., 2004; Henning et al., 1993; Kolver et
al., 1998; Miller et al., 2012; Shabi et al., 1998). Published literature suggests that increasing the
synchronization of energy and N (crude protein (CP) N * 6.25) entering the reticulorumen to an
optimal ratio (25 grams (g) N kg OM-1) could maximise microbial population growth (Castillo et
al., 2000; Clark et al., 1992; Firkins, 1996; Henning et al., 1993; Ulyatt et al., 1988). Increasing
microbial population is expected to elevate amino acids (AA) digested in the lower gastro-intestinal
tract for incorporation into animal tissues, increasing animal productivity: milk production, live
weight gain, and body condition (Bach et al., 2005; Eschenlauer et al., 2002; Hoover and Stokes,
1991; Martin, 1994; Tamminga, 1979). Nitrogen synchrony improvement can lead to the capture of
dietary oversupplied N lowing urine N output increasing NUE of the animal (Castillo et al., 2000;
Yang et al., 2010).
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1.1.

Objectives

The objectives of the trial were to:


Use the in sacco method to compare the degradation characteristics of three winter forage
crop diets, fed to non-lactating pregnant dairy cattle.



Compare the intake rate, and feeding behaviour of cows grazing the three winter crop diets.



Evaluate the effects of grazing behaviour and rumen fermentation characteristics on N use
by the dairy cows.
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2. Literature review
The objective of the literature review is to assess the mechanisms behind N losses of dairy cows and
how diet manipulation for NUE may be important to forage crop feeding. This review is not intended
to be a complete account of all available literature, but an indication of what has been looked into.
No attempt has been made to create specific information to quantify or model animal response to
synchronisation.

2.1.

Nitrogen in the forage crop system

2.1.1. Cycling of nitrogen in farm systems
Pastoral and forage crop systems are an open cycle, whereby nutrients are transferred from one form
to another, with constant inputs and outputs from the system (White and Hodgson, 2008). Nitrogen
enters the system via atmospheric N (N2) fixation, synthetic fertiliser addition, or N transfer from
animals and plant material. Outputs are through volatilisation of N gas products (e.g. N2, and N2O),
leaching of NO3- and removal of plant (e.g. silage) or animal (e.g. meat and milk) products containing
N (Mclaren and Cameron, 2009). With most forms of N in the soil structure being plant unavailable
and contained within the soil OM, this results in a continual cycle of organic N to and from mineral
N, dependent on soil organism nutrition (carbon (C): N ratio) (Mclaren and Cameron, 2009). The N
cycle can be simply defined by Figure 1.

(Removed due to copy right)

Figure 1. The nitrogen cycle in a pastoral agricultural system, identifying the primary key stages of N gains and losses
(Mclaren and Cameron, 2009).
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With respect to the nutrition of dairy cattle fed winter forage crops, the primary determinant of the
maximal N returned to the N cycle is that contained within the feed stuffs, Figure 1. The amount of
N returned to the N cycle is the amount contained in faeces, and urine, Figure 1. The amount of N
returned to the cycle indicates the portion of N which has the ability to undergo mineralisation and
is thus available for plant uptake or lost from the soil structure via leaching or volatilisation. This
indicates that in order to reduce the amount of mineralisable N released back to the system, either
the forage crop N content needs to be reduced, or the efficiency of conversion of dietary N into
animal products for removal is increased (NUE).

2.1.2. Nitrogen and the environment
In Canterbury typical ground water concentrations range from <0.1 to 64 milligrams (mg) NO3- per
litre (L) of ground water (measured from 289 wells, covering nine of the Canterbury Water
Management strategy zones (CWSZ)) (Groundwater resources, 2013). Currently close to 11 % of
wells in nine of the CWSZ measured yield NO3- concentrations greater than the maximum acceptable
limit for long term human consumption (11.3 and 50 mg NO3- per L, respectively long and short
term consumption) in New Zealand, with NO3- increasing (ten year trend) in 30 % of wells measured
(Groundwater resources, 2013; Ministry of Health, 2008). Alleviated NO3- levels in ground water
and water ways derived from agricultural runoff can be associated with eutrophication, casing algae
blooms and organism fatalities in water ways (Cameron et al., 2013). Just as importantly human
drinking water contamination with alleviated concentrations of NO3- is associated with
methemoglobinemia in babies, cancer, and heart disease (Cameron et al., 2013). With agricultural
production systems being one of the largest non-point source contributors to NO3- entering
Canterbury ground water, this makes NO3- leaching mitigation strategies an industry target for the
maintenance of the environmental stability and public safety in this region of New Zealand (Bidwell,
2009).

2.1.3. Nitrogen in livestock excreta
Under a typical dairy winter forage crop kale feed system with the addition of barley (Hordeum
vulgare L.) straw supplement (close to 11., and 3 kg DM cow-1day-1, respectively kale, and straw)
animal excreta has been found to apply in the vicinity of 285 kg N per ha grazed per day (82.3, and
202 g N cow-1day-1, respectively faeces and urine) (Miller et al., 2012). During lactation urine N
concentration is commonly expected to be in the region of 700-1000 kg N/ ha/ urinary deposition
resulting in losses of 60 to 80 % N/ kg DM consumed, while faeces remain at a relatively constant
proportion of the N intake .6 to 2.8 % N DM consumed (Castillo et al., 2000; Clough et al., 1998;
Haynes and Williams, 1993; Ledgard, 2001).
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Primarily the faeces contain organic N with a small proportion as mineral N (ammonium 1- 10 %),
resulting in 20- 25 % being water soluble N (Haynes and Williams, 1993). Although the C to N ratio
generally is considered to be at the optimal level (25:1, C: N) for organic faecal N mineralisation,
due to the high proportion of structural carbohydrates (CHO) (cellulose, hemicelluloses, and lignin)
contained in the faeces, this results in a slow mineralisation driven by microbial break down rate of
CHO (Haynes and Williams, 1993; Mclaren and Cameron, 2009). The result is the rate of
mineralisation of faecal N generally follows an asymptotic curve, with rapid mineralisation in the
first 1 to 2 weeks (6- 14 % of total N) followed by a steady reduction (6- 7 % of total N) per week
out to 35 weeks, primarily dependent on soil moisture, temperature, stocking rate, and amount and
solubility of CHO (Haynes and Williams, 1993).
On the other hand, N in urine comprises 70 % in the form of urea, with the remainder accounted
for as AA and peptides (Haynes and Williams, 1993). Stimulated by temperature, hippuric acid
(contained in urine), and increased pH (8 pH) urine urea is quickly (within 24 hours) hydrolysed
to ammonium (NH4+) by the urease enzyme (Cameron et al., 2013; Haynes and Williams, 1993).
NH4+ becomes bound to cation exchange sites via specific adsorption or held by 2:1 clay minerals
(illite or vermiculite), making it primarily resistant to leaching (Mclaren and Cameron, 2009). At
high concentrations, NH4+ is held at the soil surface and can be lost from the system dissociated to
ammonia (NH3) gas (Cameron et al., 2013; Haynes and Williams, 1993). NH4+ still contained in the
soil structure from faeces or urine is oxidised to nitrite (NO2-) by the autotrophic bacteria,
Nitrosospira, and Nitrosomonas (Cameron et al., 2013). NO2- is further oxidised by Nitrobacter to
NO3-, due to the rapid nature of the oxidation process NO2- relay accumulates in the soil (Cameron
et al., 2013). Negatively charged NO3- is not held by cation exchange to the soil colloid and is freely
moved through the soil structure via solute transfer mechanisms (convective, diffusive, and
hydrodynamic), resulting in leaching losses under high drainage rates and low plant uptake periods
occurring during the winter (Cameron et al., 2013).
The relatively slow N release, and low content of N in faeces results in this form of animal excreta
representing the lowest risk to the environment under a wintering system. Although the conversion
of NH4+ to NO3- is temperature dependent (optimal 25 degrees centigrade (⁰C)), nitrification will
still occur at a reduced rate at soil temperatures below 5 ⁰C (Cameron et al., 2013). The large
concentrations of urea in urine resulting in NO3- formation, paired with low plant uptake of N species
by winter forage crops and high rainfall results in NO3- being lost out of the soil structure representing
a potential environmental contaminant (Cameron et al., 2013). As a consequence urine represents
the most environmentally detrimental animal excreta in a winter forage crop system.
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2.1.4. Nitrate leaching under winter forage systems
Under pastoral grazing systems the return of N to the soil as urine or faeces is in excess of the nutrient
demand of plants (Clough et al., 1998). Under winter forage crop situations temperature is too low
for continuous plant growth (Perennial ryegrass (Lolium perenne L.) base temperature 2 ⁰C, and
kale 3.5 ⁰C) (Adams et al., 2005). The combination of nil plant cover after grazing as well as low
plant growth leaves no N sink in the winter forage crop system. Smith et al. (2012) identified that
under consecutive forage cropping of the same area (Swedes, then swedes + Turnips, followed by
fodder beet) in Southland, there was a significant spike in N lost from the system as leachate (29, 57,
21 kg ha-1 year-1, respectively NH4+, NO3-, and dissolved organic N). Chrystal et al. (2012) modelled
a range of South Island monitor farm wintering systems using Overseer®, and indicated NO3leaching losses from winter brassica crops would be in the region of 60 kg N per ha per year. These
estimates are in line with findings from Smith et al. (2012) and the earlier lysimeter trial by Silva et
al. (1999). Regional councils are currently developing nutrient loss limits for various land classes
which recognise the critical impact of drainage and soil type on N leaching (Lilburne et al., 2010).
This suggests that nutritional management of dairy cattle though the winter to reduce that amount of
N lost to the ruminant system is partially important in reducing loses of N out of the dairy system.

2.2.

Diet effects on nutrient use and loss

2.2.1. Basic protein and energy supply
Ruminant feed stuffs contain complex polymers (e.g. starch, protein, and cellulose) requiring rumen
degradation to low molecular weight soluble compounds (e.g. amino acids, peptides, and sugars),
for the nutrition of the microbial populations in the reticulorumen (Martin, 1994). The resulting
microbial fermentation of simple compounds releases energy rich volatile fatty acids (VFA) (acetate,
butyrate, and propionate) as by-products that are absorbed thorough the reticulorumen wall,
accounting for 70- 80 % of total digestible energy of the host animal (Vanhoutert, 1993). Microbes
are washed into the reticulorumen and are digested in the lower gastrointestinal tract as microbial
protein (MP), as an important AA supply for animal tissue protein synthesis. Due to microbial
degradation of feed polymers the energy and AA profile consumed by the ruminant animals is
significantly different to that absorbed into body tissues, Table 1. Although there is a low proportion
of AA’s and low molecular weight compounds that bypass microbial degradation in the
reticulorumen and are adsorbed unmodified in the lower gastrointestinal tract (Figure 2).

7

Table 1. Amino acid composition isolated from diet, rumen bacteria, and available for digestion in the duodenum from 33
different dairy cow diets (Boisen et al., 2000).

(Removed due to copy right)

(Removed due to copy right)

Figure 2. Schematic representation of the protein intake component of the ruminant, and digestion to tissue protein, adapted
from Mc Donald et al. (2011).
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2.2.2. Nitrogen degradation in the reticulorumen
Ammonia is a primary product of AA digestion from the ruminant diet (Figure 2). Preceding animal
ingestion of feed, forage is masticated releasing soluble cell contents, reducing cell wall rigidity and
increasing particle area (ingested particle size <25 mm) initiating the process of polymer degradation
(Pan et al., 2003; Schadt et al., 2012). Bacteria rapidly attach to feed particles, secreting proteases,
starting proteolysis (Bach et al., 2005; Craig et al., 1987). Craig et al. (1987) indicated that in the
region of 50 % of the bacteria population attached to feed particles one hour after feeding with this
number declining and stabilising at 30 % at 6 hours from feeding. The more recent work of Edwards
et al. (2007) suggests that bacteria population reaches stabilisation 15 minutes after feeding.
Proteases hydrolysis peptide bonds freeing AA from peptides, and results in a short lived (3 hours
after feeding) stimulation of AA’s in the rumen fluid, Figure 3. AA’s are further deaminated by
specific bacteria (e.g. Clostridium sp, and Eubacterium) releasing NH3 as a by-product of the
oxidation of carbon and hydrogen (Eschenlauer et al., 2002). The rate at which AA’s and NH3
become free in the rumen fluid is reported by Craig et al. (1987) for lactating Holstein cows fed
primarily lucerne and high moisture maize to be maximised respectively >1 and between 1- 2 hours
from feeding, AA’s and NH3 (15 and 25 μmoles ml-1, respectively AA and NH3), Figure 3.

(Removed due to copy right)

Figure 3. Change in rumen fluid ammonia (●) and total free AA’s () before feeding (BF), 1 hour after initiation of
feeding (AF) and various time points after feeding, indicating primarily the utilisation of AA’s and NH3 by the microbial
population as well as a protein lost to the lower gastro intestinal tract (Craig et al., 1987).
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2.2.3. Microbial protein synthesis
Amino acids and peptides are actively transported across the bacterial cell membrane, with NH 3
passively diffusing across (Martin, 1994). Depending on cell energy supply from dietary CHO, AA’s
are incorporated into bacterial protein or, under energy limiting conditions, VFA’s are produced
through the deamination of C as shown in Figure 4 (Bach et al., 2005; Tamminga, 1979). Hoover et
al. (2006) found under in vitro continuous culture fermentation of legume silage, and maize (Zea
mays) based total mixed ration (TMR), the addition of non-structural soluble CHO’s (NSC; sugar
plus starch) at increasing levels (240, 280, 330 g NCS kg DM-1) the microbial population increased
quadratically with the supply of energy, reaching a maximum production at 280 g NSC/ kg DM
before declining. Carbon dioxide, methane, and heat are primary reaction by-products of bacteria
AA utilisation (Tamminga, 1979). Additional NH3 is thought to be released when AA’s are over
transported into the cytoplasm of the bacterial cell, where it is released as whole AA’s cannot be
transported out of the cell (Tamminga, 1979). Although NH3, and VFA’s are by-products of AA
catabolism for one bacterial population, they are primarily substrates for other bacterial populations.
Bryant and Robinson (1962) suggested that 56% of the bacterial strains they tested (n= 89) required
NH3 as their primary nitrogen source, with the majority of the remaining bacteria requiring VFA’s
(19 %) or a mixture of VFA’s and NH3 (23 %), for sufficient population growth to occur. Satter and
Slyter (1974) identified that the in vivo rumen microbial population growth was stimulated with NH3
up to a level of 50 mg NH3/ L rumen fluid. Both the works of Bryant and Robinson (1962), and
Satter and Slyter (1974), are supported in vivo by Boucher et al. (2007), and Kangmeznarich and
Broderick (1980), although actual NH3 requirements differ between trials, and diets from 8.5 to 50
mg NH3/ L rumen fluid. Catabolism of feed proteins to N species for use by the bacterial population
indicates that the diet N content or CP contents of the diet primarily determine bacterial protein
supply, and without a sufficient supply of energy N is lost to the microbial population.
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(Removed due to copy right)

Figure 4. Schematic representation of protein degradation and release of by product from bacteria contained within the
reticulo rumen (Bach et al., 2005).

The combination of varying microbial populations, primarily bacteria contained within the reticulo
rumen, effectively allows for the catabolism of the complex polymers contained within the feed
producing differing substrate levels able to support multiple microbial populations. The microbial
population supplies by-products of feed metabolism of AA derived from by-passed microbes, VFA,
methane, carbon dioxide, NH3, and heat to be utilised by the ruminant, or lost back to the
environment. A loss of NH3 from microbial production due to energy or N not matched represents a
reduction in NUE in the ruminant, and environment contaminate. Due to the dynamics of microbial
degradation, ruminant diet formulation to achieve effective NUE in winter forage crop systems or
any dairy system, must account for microbial degradation characteristics.

2.3.

Nutrient synchronisation

The large proportion of forage crops in the winter diet has the ability to influence the total NUE.
With each type of winter forage crop having a variable polymer composition, this gives the ability
for crop type to be manipulated to enhance NUE. Manipulating microbial population growth and
utilisation of different polymers can result in a vastly different nutritional outcome for the ruminant.
This suggests there is opportunity to supply different forage crops to match the optimal nutrient
requirement to enhance NUE.

2.3.1. Total nutrient intake
Increasing nutrient intake results in increased microbial production. Decreasing feed intake and
digestion reduces the microbial population, VFA production, and rumen pH (Figure 5) (Clark et al.,
1992; Robinson et al., 1987). In the case of non-lactating dairy cattle fed a winter feed crop, Rugoho
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(2013) also found that VFA’s (acetate, and propionate), rumen pH, and rumen ammonia (90.5 to
70.8 mg L-1) was reduced with a reduction in the winter forage crop kale intake from 11 to 14 kg
DM/ cow/ day. Clark et al. (1992) indicated that under both low and high feed intake, specific
nutrients may become limiting to microbial growth, limiting the production of MP. In a survey of
winter forage crop systems, Judson and Edwards (2008) found that the apparent crop DM intake for
non-lactating dairy cattle for the majority (72 %) to be much less (1 to 10 kg DM cow-1 day-1 less)
than the targeted intake required by the cattle. This suggests that MP production, and further NUE
may not be optimised in winter forage crop systems for total production (e.g. live weight) as nutrient
intake is limited. But due to the amplification of N cycling in the reticulorumen under limited nutrient
intake, where MP is catabolised to meet the microbial population CP maintenance requirement could
indicate some enhancement of NUE within the reticulorumen under these conditions (Clark et al.,
1992; Robinson et al., 1987). Removing total diet energy and nutrient intake as the limiting factor to
MP production may lead to better NUE in these forage crop wintering systems as the first limiting
factor.

(Removed due to copy right)

Figure 5. Schematic relationship between declining level of feed intake (organic matter (OM) intake kg day-1) and key
parameters of rumen digestion and passage (Robinson et al., 1987).

Reducing the intake time period while still maintaining a relatively high intake level has the ability
to alter the site and level of digestion of the consumed feed. Pellikaan (2004) demonstrated this with
12
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C enriched silage and Cr-NDF and CO-EDTA markers fed to lactating Holstein Friesian dairy

cattle. Marker analysis by Pellikaan (2004) indicated that with a 40 % drop from ad lib feed supply
(17.5 to 10.5 kg DM day-1 cow-1) resulted in an increase in the total mean retention time by two hours
in the small intestine and half an hour in the large intestine. This caused a change in digestion site of
the more soluble components to the lower gastrointestinal tract but maintained structural component
digestion in the reticulorumen, in comparison to high intake cows. This is suggested by Pellikaan
(2004) to increase rumen retention time of cell wall components, and increase the post omasal
digestion of non-cell wall components with a decrease in feed intake level. This may lead to the rate
of fermentation by reticulorumen microbes being restricted, due to an imbalance of fermentable
polymers reducing the rate of energy yield (VFA’s), and rumen outflow rate. Similar conclusions
were made previously by Huhtanen and Kukkonen (1995) and Colucci et al. (1990) using different
ruminant systems, where rumen retention time increased and passage rate decreased with a drop in
feed intake. By increasing rumen outflow rate with increasing feed intake has the ability to change
the site of digestion of different feed polymers in the diet which could lead to reduced levels of
desirable components (e.g. energy or N) required for microbial controlled NUE, as well as total
dietary energy intake.

2.3.2. Rate of nutrient intake
As mentioned above, total nutrient intake can affect nutrient supply to the ruminant. However, under
grazing the rate of nutrient intake is not constant. Changes in the rate of nutrient intake can affect the
supply of NH3 and energy to microbes in the rumen and consequently affect their ability to utilise
those nutrients. In the case of winter forage crops the work of Rugoho (2013), and that of Thompson
and Stevens (2012) indicated that with the allocation of winter forage crop kale via the break feeding
method, non-lactating dairy cattle consumed in the region of 78- 90 % of the allocation within the
first 3 hours of feeding. The grazing behaviour of the dairy cattle may have the ability to influence
rumen flow rate, due to an initial high intake followed by a low intake of forage varying the
concentration of required nutrients for microbial digestion (e.g. NH3). Rugoho (2013) tested this on
winter crops by attempting to reduce possible gorging effects (high rate of intake) on kale by
supplying the daily allocation in two bouts for the day. However there was very little beneficial
increase in rumen digestion parameters, or urinary N loss. Opposing Rugoho (2013), the work of
Gregorini et al. (2008) with fasted and non-fasted wheat grazed Angus heifers did find a link to
nutrient intake with fasting and the change in rumen digestion parameters (VFA, pH, NH3, MP). In
which case it could be assumed that the period in which kale forage crops are consumed may not
have a detrimental effect on total nutrient availability to the animal, but further work regarding other
forage crops such as fodder beet may show a differing effect.
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2.3.3. Effect of Soluble carbohydrate supply on microbial growth
With the movement of feed into the reticulorumen the soluble CHO fraction, primarily NSC is
rapidly utilised by the microbial population for the incorporation of N into their cell structures.
Bacteria utilise soluble NSC as a rapidly available source of energy for the inclusion of CP into
microbial protein (Bach et al., 2005; Tamminga, 1979). As winter forage crops contain a high portion
of NSC (Table 2), they have the ability to influence microbial production with their inclusion into
the wintering diet. The work of Berthiamume et al. (2010) compared the in vitro benefit of high or
low NSC supplementation with lucerne diets and found microbial production was increased (12 %)
in rumen fluid. Berthiamume et al. (2010) NSC effect on microbial population is supported by
previous in vitro findings by Lee et al. (2003) with the inclusion of water soluble CHO’s (primarily
fructans) with ryegrass, and in vivo results to a certain extent by Kim et al. (1999) who infused
sucrose into the rumen of non-lactating Friesian dairy cows fed ryegrass silage. On the other hand
Casper et al. (1999) found no significant difference to microbial yield by varying the ratio of NSC
to CP in the diet (17% variation) to mid lactation Holstein dairy cows based on maize (Zea mays L.
subspecies mays), soybean (Glycine max L. Merr.) or barley, soybean TMR diets. Casper et al.
(1999) is supported by that of Kolver et al. (1998) for cocksfoot pasture (Dactylis glomerata L.) fed
to early to mid lactation Holstein dairy cows, and Henning et al. (1993) with South African Mutton
Merino wethers fed TMR, Table 3. Although many authors have demonstrated an increase in
microbial activity as a result of NSC supplementation the total dietary NUE is typically not optimised
with NSC inclusion, Table 3. This suggests that while there is some possible benefit to microbial CP
utilisation, addition of either sucrose or starch NSC has variable effects on NUE.
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Table 2. Nutritive analysis of typical winter forage crops: leafy turnip (Brassica campestris ssp. rapifera), bulb turnip,
rape, swede (Brassica napus ssp. napobrassica), kale, fodder beet, and Italian rye grass (Lolium multiflorum Lam.) grown
in the South Island of New Zealand (bar fodder beet). OMD= Organic matter digestibility, ADF= acid detergent fibre,
NDF= neutral detergent fibre, WCS= water soluble carbohydrate (starch + sugar).

Component
(% total)
DM%
MJME
OMD
CP
ADF
NDF
WSC
Lipid
Ash

Crop*
leafy turnip
(first cut)
14
13
87
23
14
16
19
5
11

Bulb
turnip
10
12
89
14
19
23
27
10

Italian
ryegrass***

Rape

Swede

Kale

Fodder beet**

14
13
88
11
20
23
27
3
9

10
14
94
14
14
15
50
2
6

17
11
77
10
24
28
33
2
7

16
13
8
8
16
64
-

16
12
73
19
23
43
21
-

* Westwood et al. (2012)
** Eriksson et al. (2004), Swedish data.
*** Rugoho (2013)

Lack of synchronisation with the addition of NSC to the diet is related to the complicated interaction
of the microbial population having variable requirements for N and CHO compounds at different
periods of time. This is compounded by the ability of the ruminant animal to recycle N compounds
back to the rumen (Henning et al., 1993; Kolver et al., 1998). Clark et al. (1992) suggested in their
review that reductions in MP can be due to the result of an uncoupled fermentation between the NSC
and the structural CHO component of the diet. Due to the rapid rate of NSC fermentation the rapid
releases of energy modifies the reticulorumen bacterial population, from fibrocystic bacteria (digest
fibre component) to amylolytic bacteria (digest NSC component). This then reduces the rate at which
the more fibrous diet component is digested and removed from the reticulorumen (Dixon and
Stockdale, 1999). Rapid supply of large amounts of NSC leads to a build up of highly protonated
lactic acid into rumen solution dropping pH with the rapid action of hydrogenase enzymes (Hegarty
and Gerdes, 1999). A rapid drop in rumen solution pH resulting in acute acidosis (<5.4 pH) or subacute acidosis (6 to 5.5) that can results in a decrease in MP, due to unfavourable microbe growth
condition in the reticulorumen (Kolver and de Veth, 2002). For this reason Clack et al. (1992)
suggest that diets should not contain more than 70 % NSC. Winter crops contain a high proportion
of fructans and sucrose in bulb and stem components possibly leading to unfavourable rumen pH
with their consumption. In this case a proportion of fibre supplied as a supplement may be required
for effective use of winter forage crop. Kaur et al. (2010) utilising forage rape, at increasing portions
(10 to 40 %) to Border Leicester sheep in combination with ryegrass, and maize silage found that
microbial production did not significantly alter with increasing rape diet content. However, there is
15

little research undertaken using winter forage crops, and more research is necessary regarding supply
of NSC, complex CHO and N during grazing.
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Table 3. Literature comparison of significant, and non-significant effects on microbial protein (MP), and urine nitrogen (N) loss with the inclusion of soluble carbohydrates (CHO) (water soluble
CHO (WSC) or non structural carbohydrate (NSC)) in to the diet of ruminants. Comparison is between the two depicted diets per reference, shown one after the other.

Reference

Berthiamume et al. (2010)

Casper et al. (1999)

Eriksson et al. (2004)

Henning et al. (1993)

Hristov et al. (2005)

Kaur et al. (2010)

Experiment type

in vitro
(continuous culture)

Urine N

MP

(% of DM)

Diet construction

-1

P

-1

WSC

NSC

CP

RUP

( Rumen N out flow mg day )

( g day )

Lucerne

-

18

22

-

263

-

Lucerne

-

7

28

-

230

-

Maize+ soybean meal

-

40

17

6

282

-

Barley + extruded soy bean meal

-

37

17

489

295

-

Lucerne silage +
rolled barley/ raw potatoes (80:20)

-

18

18

-

-

90

S

NS

in vivo

NS

in vivo
Lucerne silage +
fodder beets/ raw potatoes (80:20)

-

18

17

-

-

65

Wheat straw + fish meal
(energy, and N pulse application)

-

340

6

-

14

8
NS

in vivo (sheep)
Wheat straw + fish meal
(energy, and N gradual application)

-

340

6

-

17

7

Lucerne hay + 20% maize dextrose

-

-

-

-

197

274

Lucerne hay +20% white oat fibre

-

-

-

-

153

339

Forage rape 10% + maize silage 25%
+ ryegrass 40%

9

-

15

-

-

-

NS

in vivo

NS

in vivo (sheep)
Forage rape 40% + maize silage 20%
+ ryegrass 20%

10

17

-

17

-

12.8 ± 1.9*

10.7 ± 1.7*

Reference

Kim et al. (1999)

Kolver et al. (1998)

Lee et al. (2003)

Experiment type

Diet construction

(% of DM)
CP

RUP

( Rumen N out flow mg day )

( g day )

Ryegrass silage+ 1 kg sucrose

47

-

-

-

113

-

Ryegrass silage

47

-

-

-

85

-

Cocksfoot
(synchronised concentrate, with pasture)

-

39

18

-

-

149

in vivo

S

in vivo

in vitro
(continuous culture)

P

-1

NSC

NS
Cocksfoot
(synchronised concentrate, with 4h after pasture)

-

39

18

-

-

150

Ryegrass

35

-

-

-

158

-

Ryegrass

25

-

-

-

145

-

34

-

12

-

-

202

S

3 kg DM Barley straw cow-1 day -1
in vivo

NS
12 kg DM kale +
3 kg DM Barley whole crop silage cow-1 day -1
14 kg DM Kale +
3 kg DM Barley straw cow-1 day -1

Rugoho (2013)

Urine N
-1

WSC

11 kg DM kale +
Miller et al. (2012)

MP

37

-

14

-

-

186

32

-

18

-

-

195

in vivo

NS
11 kg DM Italian ryegrass+

21

3 kg DM Barley straw cow-1 day -1

-

19

-

NSC= sugar + starch; CP= crude protein; RUP= rumen undegradable protein, -= not measured, and P= significance >0.05 (S) or not significant <0.05 (NS).
*Indicated in Kaur et al. (2010) as mean value only, variation between rape diets was indicated in text.
Note: significance only indicates statically not biological significance, and all experiments indicated, un less stated utilised or simulated cattle ( Bos taurus ).
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-

132

2.3.4. Soluble carbohydrate influence on nitrogen output
Variation in MP output in the reticulorumen with the incorporation of NSC into the diet, can result
in benefits other than production. Hristov et al. (2005) indicate a significant decrease in urinary N
output (15 %), but not total NUE of late-lactation Holstein dairy cows consuming a TMR diet
supplemented with corn dextrose or corn starch. Hristov et al. (2005) suggest that increased NSC
stimulates the energy supply for the utilisation of free rumen NH3 by bacteria (50 % decrease in
free NH3 with corn dextrose, or cornstarch), rather than the bacterial deamination of AA for N supply.
Hristov et al. (2005) is supported by Eriksson et al. (2004) and Craig et al. (1987). This suggests that
there is some benefit with the addition of NCS as starch (e.g. grains or potatoes) or sugar (e.g. fodder
beet or molasses) in reducing the urinary N output.
Under winter forage crop systems Rugoho (2013) indicated in comparison to winter Italian ryegrass
pasture (21 % DM NSC), kale (32 % DM NSC) feed at 11 or 14 kg DM per day per cow supplement
with barley straw, N excretion in urine was not significantly different even though N in intake was
not isonitrogenous (102 g N/ cow/ day, between the high and low DM intake), although faecal N loss
was somewhat manipulated. Miller et al. (2012) supports Rugoho (2013) where urinary N output
was not significantly affected with the addition of increased dietary NSC as barley whole crop silage
to kale fed wintering dairy cattle. With a large proportion of trials utilising soluble CHO addition
having typically low results under high controlled experimental conditions than expected to be
exhibited under forage systems, and winter forage crops as a base feed containing large proportions
of NSC indicates that the effective integration of this strategy to increase NUE or reduce N loss in
urine would not generally be viable.

2.3.5. Rumen degradable protein influence on microbial protein
MP synthesis can become depressed when inclusion of CP into the reticulorumen is reduced, as the
microbial population requires a supply of N (primarily NH3) for MP synthesis (Clark et al., 1992).
Santos et al. (1998) in their review noted that increased inclusion of rumen undegradable protein
(RUDP) in dairy cow diets resulted in a decrease in microbial production for 76 % of trials. Reducing
rumen degradable protein (RDP) reduces the amount of CP that is deaminated to NH3 by rumen
microbes, increasing the amount of urea N recycled from the bloodstream back to the reticulorumen,
via saliva for microbial degradation rather than lost in urine (Davies et al., 2013; Henning et al.,
1993). Without sufficient microbial energy supply, urea N will be returned to the bloodstream the
same as with high N supply in the reticulorumen (Davies et al., 2013). This is supported in the work
of Davies et al. (2013), Wang et al. (2008), and Franchone et al. (2013), where urine N was decreased
with a reduction in RDP in the diet with increased RUDP (Table 4). For this reason it is suggested
that the bacterial population in the reticulorumen has the ability to operate efficiently at low NH3
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concentrations in the rumen of 20 to 50 mg NH3/ L, although there are some discrepancies where
levels closer to 50 mg NH3/ L (16 % CP DM-1) are postulated (Clark et al., 1992; Lebzien et al.,
2006). With the use of winter forage crops Rugoho (2013) indicated that kale fed to pregnant, nonlactating dairy cattle had diurnal variation in the region of 91 to 306 mg NH 3/ L rumen fluid, with
the mode level closer to 150 mg NH3/ L rumen fluid. Although a reduction in urine N has been found
with increased RUDP, Shabi et al. (1998) indicated that mid-lactation Holstein dairy cows all fed
primarily similar CP, and RUDP contents that MP production was not significantly affected by
differing RUDP in the diet. Gressley and Armentaon (2007) under much the same conditions
supports the outcome of Shabi et al. (1998). Due to variations in diet comparison (e.g. CP, and NSC
%), and measurements taken, it is difficult to precisely indicate why the difference between Davies
et al. (2013), Wang et al. (2008), Franchone et al. (2013), and Shabi et al. (1998) occurred. In this
case the result may be due to the relationship of synchronisation of energy to protein occurring, with
a drop in rumen degradable protein, as well as the large variation of rumen NH3 levels with which
the microbial production can resist (20 to 800 mg NH3 L-1 rumen fluid) (Satter and Slyter, 1974).
This suggests that N intake level can be related to the NUE of the MP, and thus the evolution of non
utilised NH3 in rumen solution.
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Table 4. Literature comparison of significant, and non-significant effects on microbial protein (MP), and urine nitrogen (N) loss with the manipulation of crude protein (CP), and/ or rumen
undegradable protein (RUP) in to the diet of ruminants. Comparison is between the two depicted diets per reference, shown one after the other.

Reference

Davise et al. (2013)

Franchone et al. (2013)

Gressley and Amentaon (2007)

Shabi et al. (1998)

Wang et al. (2008)

Experiment type

Diet construction

(% of DM)

MP

Urine N
-1

P

-1

WSC

NSC

CP

RUP

(Rumen N out flow mg day )

( g day )

Oat hulls +whole shelled maize

-

35

10

4

99

91

Oat hulls+ steam rolled maize

-

36

10

5

77

81

Maize silage + Hay

-

-

11

-

317a
a

in vivo

S

in vivo

53
S, and aNS

Maize silage + Hay

-

-

14

-

375

115

Maize silage + cracked maize

-

36

16

6

-

246

Maize silage + cracked maize

-

36

14

6

-

141

Cracked maize + maze silage

-

47

16

10

269

-

Expanded maize + maze silage

-

48

16

7

255

-

Maize silage + lucerne hay

-

-

15

5

-

178

Maize silage + lucerne hay

-

-

15

6

-

146

in vivo

S

in vivo

NS

in vivo

S

WSC= water soluble carbohydrate; NSC= non structure carbohydrate (sugar + starch), -= not measured, and P= significance >0.05 ( S) or not significance <0.05 (NS).
Note: significance only indicates statically not biological significance, and all experiments indicated, un less stated utilised or simulated cattle ( Bos taurus ).
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2.3.6. Forage nitrogen supply influencing nitrogen use efficiency
Microbial protein production is maximised with a gradual ruminal supply of both energy and protein
(Davies et al., 2013; Henning et al., 1993). Henning et al. (1993) further suggested that the daily N
content could be supplied at one time point supplementation to sheep, provided energy was supplied
gradually to allow the utilisation of N through the urea cycle. Rugoho (2013) indicated that supplying
the daily N intake (kale allocation) twice rather than once a day, smoothed the diurnal variation of
NH3 concentration in the rumen fluid, but urinary N output was not significantly affected supporting
Henning et al. (1993) to some extent. Contrasted with the research of Broderick (2005), Chase et al.
(2012), Castillo et al. (2000), and Pacheco et al. (2010) indicating urine N output can be related to
increase CP in the diet, with recommendations swaying towards the use of low CP diets to increase
the NUE rather than the addition of more energy.
New Zealand forage crop wintering systems based on Brassica (kale, rape) or beta (fodder beet)
crops typically supply a low CP concentration (Table 2) to the diet that just meets or in some cases
may under supply the protein requirement for non-lactating pregnant dairy cattle (12- 15 % CP kg
DM-1) (Stevenson et al., 2003). In this case reducing the supply of protein to the diet of winter forage
crop grazed dairy cattle would be difficult but may have some level of effect on NUE, and N urine
output primarily due to the reduction of N input rather than microbial efficiency. It would be
anticipated that to maintain a low CP diet the CP content of supplementary feeds may have a
significant effect on CP supply manipulation (Miller et al., 2012; Rugoho, 2013). The effectiveness
of achieving a low CP diet with diets based on typical winter forage crops may not be an effective
strategy to minimise any N loss, due mostly to the already low CP content of the diet, requiring
further research.

2.4.

Conclusion

Through microbial degradation ruminants have the ability to utilise a wide range of forage containing
varying polymer complexities. Due to the complex interactions in the reticulorumen microbial
population diet manipulation often has unknown impacts on nitrogen use efficiency and reduction in
nitrogen lost in the urine. In current literature the use of lower nitrogen diets indicates there are
benefits to nitrogen use efficiency and nitrogen loss on pasture diets, but further research is required,
particularly under winter forage crops. Current literature indicates that nitrogen use efficiency may
be related to restricted feeding programmes that have been shown to be evident in typical commercial
forage crop systems. This may suggest that feed intake and level may be the first limiting factor in
increasing the nitrogen use efficiency of winter forage crop systems, due to an imbalance in limiting
nutrients in the diet. Further development in to feed supply to optimise nitrogen supply into the
reticulorumen could be of potential benefit to the Canterbury forage crop systems with further
22

research. With Canterbury forage crop systems fully reliant on cost effective use of forage crops this
suggests that maintaining low input costs under improved nitrogen use efficient systems would be
key in commercial integration of any potential strategies from further research.
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3. Materials and Methods
3.1.

Experimental site

The experiment was conducted with the approval of the Lincoln University Animal Ethics
committee. Forage crop systems were located at Lincoln University’s Pastoral Research Farm,
Ashley Dene’s Main block (-43.65 degrees (⁰) North, 172.33 ⁰ East) on Lismore/ Balmoral shallow
stony loam soil structure (Landcare Research, 2013). There were three forage crop systems which
included: two 3 ha paddocks of kale (cultivar “Regal”), one was sown early (18 October 2012) at a
rate of 4 kg/ ha (HK) and the other late (10 December 2012) at 4 kg/ ha (MK), and one 1 ha paddock
of fodder beet (Cultivar “Rivage”) sown 29 October 2012 at a rate of 104,000 plants per ha (FB).
Both MK and FB crops were sown after conventional ploughing and cultivation procedure with HK
sown into oat (Avena sativa L.) stubble by direct drill. All forage crops were managed under lateral
spray irrigation during the growing season. Fertiliser was supplied to all kale crops as: 200 and 15
kg/ ha respectively diammonium phosphate and boron (10 % B) at sowing, with 269 and 102 kg N/
ha urea, respectively HK and MK split into November, December, and January applications. FB
received: 250, 350, 200 and 15 kg/ ha kg respectively CropMaster 20, sodium chloride, potassium
chloride, and boron (10 % B) at sowing. 170 kg N/ ha as urea, split into November, and January
application was also received by FB. Only FB was placed on a spray rotation, receiving two
applications (Nortron + Bentanal Forte + Goltix).

3.2.

Experimental treatments

A total of 141 pregnant, non-lactating, spring calving, Friesian Jersey cross dairy cattle were blocked
by: calving date (26 August 2013 ± 15.2 days), live weight (501 ± 49.4 kg), age (4 ± 1.8 years), and
breeding worth (122 ± 33.6 BW), and randomly assigned evenly (47 cows crop-1) on the 29 May
2013 to one of the three established wintering forage crops systems. An additional nine cows
previously fitted with rumen cannulas were blocked as per criteria of the main herd into groups of
three, and randomly assigned to wintering systems on the same day making herd size up to 50 cows
per crop. From 29 May to 10 June 2013 cows were gradually transitioned from perennial ryegrass
and white clover (Trifolium repens L.) pasture to their respective winter forage crop wintering
systems by increasing allowance of crop by 2 kg DM every two to three days. During this period the
remainder of their energy requirements was met by grass and supplements until they reached their
final allocations which were isoenergtic but non-isonitrogenous:
HK (early sown kale): High kale allowance (14 kg DM cow-1 day-1) plus barley straw (3 kg DM
cow-1 day-1) supplying approximately 180 MJ ME/ cow/ day, and 350 g N/ cow/ day.
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MK (late sown kale): Low kale allowance (11 kg DM cow-1 day-1) plus green crop oat silage (5
kg DM cow-1 day-1) supplying approximately 181 MJ ME/ cow/ day, and 330 g N/ cow/ day.
FB: Fodder beet (8 kg DM cow-1 day-1) plus ryegrass baleage (6 kg DM cow-1 day-1) supplying
approximately 186 MJ ME/ cow/ day, and 240 g N/ cow/ day.

3.3.

Experimental design

The experiment consisted of two independent factorial sub-trials to determine the influence of the
three forage systems on 1. in sacco degradation in the rumen which was carried out between 26 and
28 June 2013 and 2. The grazing behaviour of dairy cows during the first 6 hours of grazing following
allocation which was measured on 25 June, 3 July and 5 July 2013.

3.4.

Experimental Management

3.4.1. Animals
For each of the two-sub trials a small mob of random and fistulated cows were segregated from the
main herd. Segregated herds were run alongside the main herd separated via a temporary electric
fence, and managed under the same commercial programme (Photograph 1). The small area enabled
ease of herding during the in sacco sub-trial, and accuracy of grazing observations during the
behaviour sub-trial.

Photograph 1. HK treatment cows at 13:00 hour. Notice the herd separation by temporary fence in the mid left of photo.
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3.4.2. Treatment feeding
During the experimental period segregated herds were maintained on the same allowance (area per
cow) as the main herd using the break dimensions: 17.0 x 6.3 m, 17.0 x 5.4 m, and 24.0 x 1.5 m
respectively HK, MK, and FB where break width was determined by allowance and DM yield.
Forage crops were allocated to all herds starting from 09:00 hour (h) with supplements feed earlier
at 07:00 h on to fence lines or previous days break, for both segregated herds and main herd.

3.5.

Measurements

3.5.1. Crop yield and nutritive value
Pre-grazing herbage mass (kg DM ha-1) for each crop was determined (kale crops 18 June 2013, and
fodder beet crop 28 June 2013). Total fresh weight of all crop material (kale: cut to ground, and
fodder beet: bulbs pulled) contained in six randomly positioned quadrats (1 m2) for kale crops, and
six 4 m drill row lengths (2 m2) of fodder beet was recorded in the field. A sub sample of four plants
(half bulbs for fodder beet) per replicate were split into leaf (lamina + petiole) and stem (apical to
hypocotyl) or bulb (stem to root) and were force draft dried (Conthem Thermotec 2000 standard
oven) at 65 ⁰C to constant weight for DM percentage. Additional samples of leaf and stem or bulb
of 200 to 150 g fresh weight for each of the crops was freeze-dried (Cuddon Limited, Blenheim
NZ), followed by oven drying at 65 ⁰C, and ground through 5 mm (Retsch MÜhle 5ml) followed by
a 1 mm (Retsch ZM 200) sieve. Ground samples were estimated for: CP, water soluble carbohydrates
(WSC), neutral detergent fibre (NDF), acid detergent fibre (ADF), ash, and digestible organic matter
digestibility (DOMD) by near-infrared spectrophotometer (NIRS systems 5000, Foss, Maryland,
USA). Equations used for prediction were based on AOAC (1990) approved wet chemistry
procedures (R2 >0.95) used separately for forage, and silage samples. Metabolisable energy for
crops, silages and straw were estimated according to Freer et al. (2007) given in Equation 1.
Equation 1. Estimated metabolisable energy (ME) using digestible organic matter digestibility (DOMD) for all crops and
supplements (Freer et al., 2007).

𝑀𝐸 = 0.194 × 𝐷𝑂𝑀𝐷 − 2.577

3.5.2. Sub-trial 1: In sacco disappearance
Forage crops were evaluated in sacco to determine the rate of DM, OM, and N disappearance. Forage
crop treatments for in sacco were harvested at 08.00 h on 24 June 2013, by randomly removing 8
kale and 6 fodder beet plants (approximately 4, and 6 kg fresh weight, respectively) from each
paddock. Plants were separated into leaf and stem or bulb and immediately cut in to approximately
10 mm3 pieces. For respective HK, MK and FB diets fresh weights of 19.4 ± 0.14 g; 27.3 ± 0.13 g;
12.3 ± 0.11 g of leaf, and 66.4 ± 0.29 g, 52.3 ± 0.30 g; 65.7 ± 0.49 g of bulb or stem were weighed
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into Dacron bags (Particle SolutioNZ Ltd, Katikati, NZ). To ensure all bags were clean Dacron bags
were machine washed (Fisher and Paykel, Gentle Annie), with cold water on a delicate cycle and
force draft oven dried (Conthem Thermotec 2000 standard oven) at 65 ⁰C prior to use.
Fresh weights of leaf and stem were representative of whole plant leaf to stem ratios and total dry
weight of forage in each bag calculated to give 10 g for all treatments. Dacron bags had a mean pore
size of 50 microns, and an effective bag surface area of 30,558. mm2 (sample size to surface area
ratio of 305.6 mg DM/ mm2). Bags were closed with nylon string below the top creating a loop,
(Photograph 2). Incubation intervals were: 0, 3, 6, 9, 12, 24, and 48 h from the start of incubation
which corresponded to removal times of 09.00 h on days 1, 2 and 3, and 12.00, 15.00, 18.00, 21.00
h on day 1. Duplicate samples were incubated at all time points apart from: 0 h: one bag, and 48 h:
three bags.
Once all bags were filled and sealed, 13 random bags of the same forage crop were attached to one
1000 mm long chain (7 mm galvanised) using electrical cable ties by tying duplicate bags to
alternative links. Ties consisted of different colours for each incubation interval, with the shortest
incubation at the top of the chain and the longest at the bottom (Photograph 2). The nine chains with
bags attached were then frozen (-16 ⁰C) until needed (26 hours later).

Photograph 2. Dacron bags attached to alternate galvanised chain links by coloured cable ties.

On 26 June preceding incubation, chains were removed from the freezer and held at air temperature
(0 ⁰C) for 1 h, followed by soaking in 25 ⁰C water for 45 minutes as described by Sun and
Waghorn (2012). At 08.00 h fistulated cows received their daily allocation of supplement, and
starting at 08.45 h each of the three groups were herded into nearby yards at 15 minutes intervals.
Chains and bags were fully immersed in the rumen ventral sac of each the nine cannulated cows for
their respective forage crop treatment for 48 hours. Incubation started at 09.20 h on 26 June 2013,
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and completed at 09.50 h 28 June 2013. Cows were returned to their treatment diets and were given
their daily allocation as soon as they arrived (09.50 h, 10.00 h, and 09.30 h for HK, MK, and FB
respectively). Ten minutes prior to each subsequent removal, cows were herded to the yards in the
same order in which they had been treated in the initial incubation. The duration of walking and yard
time for each group was approximately 15 to 20 minutes.
Time “0” bags did not enter the rumen, but were immediately rinsed in cold water (14 ⁰C) and
placed under ice for transport. Following transport bags were rinsed under cold running water (17
⁰C) by hand until water ran clear, then machine washed (Fisher and Paykel, Gentle Annie) on a cold
water delicate cycle, then force draft oven dried (Conthem Thermotec 2000 standard oven) at 65 ⁰C.
This procedure was used for all bags following incubation.
The dried contents of bags were weighed determining DM. Bag residue was ground to 1 mm (Rock
Labs Bench mill, 1A), with remainder of plant material from filling Dacron bags (for calculation of
pre-degradation nutritive value) ground as per pre-grazing samples with all samples analysed for N
by (Elementar Vorio MAX CN), and OM (ashed at 500 °C for 2 hours). Rumen factorial
disappearance rate of DM, N, and OM in the rumen was calculated using a nonlinear model, Equation
2. Effective degradability of DM, N, and OM was calculated using Equation 3 fitted to constant
rumen passage rates 0.02, 0.05, and 0.08 %/ h. The ratio of ruminally degraded N to ruminally
degraded OM at each incubation interval was determined from the relative loss of N (mg) and OM
(g) after each removal.
Equation 2. Factorial disappearance, where P= disappearance, a= soluble fraction, b= potentially degradable fraction, e=
exponential, c= fractional degradation rate ( % hour-1), and t= time (hour) from Ørskov and McDonald (1979).

𝑃 = 𝑎 + 𝑏 × (1 − 𝑒 −𝑐𝑡 )
Equation 3. Effective degradation (ED), where P= disappearance, a= soluble fraction, b= potentially degradable fraction,
c= fractional degradation rate (% hour-1), and k= rumen passage rate (% hour-1) from Valderrama and Anrique (2011).

𝐸𝐷 = 𝑎 +
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𝑏 ×𝑐
𝑐+𝐾

3.5.3. Sub-trial 2: Grazing behaviour
Over three days (25 June, 3, and 5 July 2013) five cows in the segregated herds of ten cows per crop
diet were identified with numbers spray painted on their haunch, and left and right sides. Behaviour
was recorded every five minutes as either: grazing leaf, grazing stem or bulb, grazing supplement,
drinking, idling (not engaged in other activities), or ruminating. Sitting, standing, or walking was
also included for each cow. Each activity was calculated by multiplying each behaviour activity
frequency by a five minutes interval, assuming the animal had exhibited that behaviour for the
period. Every defecation and urination event was recorded, with urinations timed to the nearest
second.
Cumulative DM intake was measured when grazing behaviour was assessed (25 June, 3, and 5 July
2013). On all three days in each forage crop paddock three quadrats (respectively 1, 1, and 2 m2, HK,
MK and FB) were cut to ground level at: six (15.00 h), and 24 (09.00 h) hours after allocation, and
weighted for fresh weight. Six hour samples were washed and DM residual was determined utilising
DM % from pre-grazing samples, returning crop material back to crop systems (reducing the impact
on grazing allowance). 24 hour samples were subsampled for nutritive analysis, and DM % as per
pre-grazing nutritive analysis, and crop yield.
From pre- and post-grazing crop measures, DM yield (kg DM ha-1), and DM utilisation percentage
(Equation 4), and estimated DM apparent intake (Equation 5) of cows (kg cow-1 day-1) was
determined. Apparent nutrient intake was calculated using Equation 6. Straw and silage residuals
were qualitatively estimated each day for segregated herds by visually scoring the proportion of fresh
material not consumed or trampled into mud.
Equation 4. Apparent cow dry matter (DM) utilisation percentage (%).

𝐷𝑀 𝑢𝑡𝑖𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛 % =

𝑝𝑟𝑒 − 𝑝𝑜𝑠𝑡 𝐷𝑀 𝑦𝑖𝑒𝑙𝑑
× 100
𝑝𝑟𝑒 𝐷𝑀 𝑦𝑖𝑒𝑙𝑑

Equation 5. Apparent dry matter (DM) intake per cow.

𝐶𝑜𝑤 𝐷𝑀 𝑖𝑛𝑡𝑎𝑘𝑒 =

(𝑝𝑟𝑒 − 𝑝𝑜𝑠𝑡 𝐷𝑀 𝑦𝑖𝑒𝑙𝑑) × 𝑔𝑟𝑎𝑧𝑒𝑑 𝑎𝑟𝑒𝑎
# 𝑐𝑜𝑤 𝑔𝑟𝑎𝑧𝑒𝑑

Equation 6. Apparent nutritive intake of grazed cattle, as multiple of individual dry matter (DM) intake.

𝑁𝑢𝑡𝑟𝑖𝑡𝑖𝑣𝑒 𝑖𝑛𝑡𝑎𝑘𝑒
= ((𝑃𝑟𝑒 𝑁𝑢𝑡𝑟𝑖𝑡𝑖𝑣𝑒 × 𝑝𝑟𝑒 𝐷𝑀 𝑦𝑖𝑒𝑙𝑑) − (𝑝𝑜𝑠𝑡 𝑁𝑢𝑡𝑟𝑖𝑡𝑖𝑣𝑒 × 𝑝𝑜𝑠𝑡 𝐷𝑀 𝑦𝑖𝑒𝑙𝑑))
×

𝑔𝑟𝑎𝑧𝑒𝑑 𝑎𝑟𝑒𝑎
# 𝑐𝑜𝑤 𝑔𝑟𝑎𝑧𝑒𝑑
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3.5.4. Cow body condition score
Body condition score (BCS) of 150 cows feed on each on the three wintering treatments (HK, MK,
and FB) used in this trial, and grazed under the same programme under commercial management
were assessed on a scale of one to ten (one; emaciated, and ten; obese) by a trained technician
preceding the start of winter forage crop feeding (15 May 2013), and at the end of winter forage crop
feeding (25 July 2013). On each occasion cows of each treatment were run into cattle yards and held
in a vet race where they were individually accessed for BCS and other measures (not applicable to
this trial), then returned to their respective treatments, within 1 hour of initial removal.

3.6.

Statistical Analysis

Crops were considered as fixed treatment effects and cows as replicates for all trials, with dates of
observations coincided as blocks for the behaviour trial. Animal behaviour observations, pre, and
post-grazing DM samples, post grazing nutritive samples, BCS, and in sacco factorial disappearance
and effective degradation were analysed with one-way analysis of variance (ANOVA) (GenStat 15.1
VSN International LTD., 2012). Statistical significant level was meet when Ronald Fisher
conditional probability ≤ 0.05, with between groups means analysed using the Tukey test. Urination
and faecal events were analysed by repeated measures ANOVA (GenStat 15.1 VSN International
LTD., 2012) using least significant difference to test between groups and time. Probability of animal
behaviour event occurring was assessed using the nonparametric survival log-rank test, with
probability given by Kalan-Meier test. Factorial disappearance equation was fitted to individual cow
data with SigmaPlot (Systat Software Inc., 2010).
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4. Results
4.1.

Climate

Snow and rainfall immediately prior to the study exceeded the 13 year monthly total precipitation
average by 270 %, accounting for 86 % of the June monthly rainfall for 2013 (NIWA, 2007). Average
monthly temperature and rainfall is shown in Figure 6. Mean air temperature and rainfall during the
trial (26 June and 5 July 2013) was 7.5 °C and 3.6 mm respectively.
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Figure 6. Monthly average daily: maximum (dash), mean (sold), and minimum (dot) air temperature (⁰C). Including total
monthly rain fall (sold gray) (mm). Figure is a calculated average from July 1999 to March 2013, from Lincoln Broad
Fields weather station (-43.63⁰N, and 172.47⁰E) 11.2 km from Ashley Dene Main block (NIWA, 2007).

4.2.

Crop yields and nutritive value

Pre-grazing nutritive composition for forage crops is shown in Table 5. Pre-grazing DM yields taken
before the trial period averaged: 12.5 ± 1.4 and, 10.0 ± 2.0 t DM/ ha, respectively HK and MK. FB
at 19.0 ± 3.8 t DM/ ha was significantly (P. <0.001) higher yielding than either kale crop. Relative
DM yields of leaf and stem/ bulb for each crop are shown in Table 5. All crops had similar leaf yield
but FB bulb accumulated more dry mass than kale stem. Leaf to stem ratios were significantly
different between all crops (P. <0.001), yielding: 40 ± 7.7 %, 71 ± 11.9 % and 17 ± 16.7 % of total
DM yield, respectively for HK, MK and FB. At the time of sampling DM % of whole plants was
highest (P. <0.017) for FB crops at 14.0 % ± 1.8 % compared to the kale crops (Table 5). Leaf DM
% was significantly (P. <0.05), higher than stem. Calibration limitations of NIRS for use with fodder
beet resulted in neighbourhood H values greater than (≤6.24 leaf, and ≤2.26 bulb) the acceptable
minimum level (0.7- 1.0). For this reason fodder beet nutritive analysis is indicated provisionally,
with a similar level of caution associated with kale analysis. For this reason no conditional
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probability values are calculated. The average CP content of the plant was highest for HK at 13.8 %
DM, with MK and FB diets being respectively 3 %, and 21 % lower. FB contained the most SSS
which accounted for 71.5% of the DM, while HK and MK contained similar concentrations of SSS
of 45%. Metabolisable energy content, which was estimated from DOMD, was very high for all
treatments and plant components, exceeding 13 MJ ME/ kg DM in most instances.
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Table 5. Pre-grazing yield (kg DM-1 ha-1), leaf to stem ratio, dry matter percentage (%), diet nutritive composition (% kg DM-1), and metabolisable energy content (MJ ME kg DM-1) for HK,
MK, and FB treatments. Plant represents the weighted average of leaf to stem or bulb relationship.

Parameters 1

HK

MK

Leaf

Stem

Plant

Leaf

Stem

3570

8972a

12542a

4154

5897a 10051a

DM %
CP
SSS
ADF
NDF
Ash
DOMD

14.0
21.2
24.7
15.7
15.8
10.7
85.9

a

10.8
10.8
53.9
23.0
31.2
7.9
80.0

a

11.5
13.8
45.3
20.9
26.7
8.7
81.7

ME

14.1

12.9

13.3

Yield

Plant

15.1
18.4
31.2
16.7
16.5
10.9
87.9

a

ab

11.0
7.9
59.2
22.7
30.4
7.2
80.4

11.9
13.4
44.6
19.6
23.1
9.1
84.4

14.5

13.0

13.8

Leaf
2627

FB

Leaf

Bulb

2

Plant

16532b 19159b

13.9
20.7
19.3
17.2
32.1
16.5
80.1

b

14.0
8.6
83.6
8.9
13.7
5.4
80.4

13.0

13.0

SED

Stem/ bulb
P.

3

SED

2

P.

3

Plant
SED2

P.3

856.6

0.231

1247 <0.001

14.0
10.9
71.5
10.4
17.1
7.5
80.3

2.40
-

0.848
-

0.76
-

0.001
-

0.80
-

0.017
-

13.0

-

-

-

-

-

-

b

1475.9 <0.001

1

CP= crude protein; SSS= starch and soluble sugars; ADF= acid detergent fibre; NDF= neutral detergent fibre; ME= metabolisable energy; digestible
organic matter digestibility; DM= dry matter; -= parameter not measured.

2

Standard error of the difference.

3

P.= conditional probability; P. <0.001= statistically highly significant; P. <0.05= statistically significant; P. >0.05= not statistically significant.

a, b, c

Means between a crop type component with different superscripts differ (P. <0.05) by Tukey test.
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Nutritive value of supplements is shown in Table 6. Barley straw had the lowest ME due to the low
DOMD, whereas ryegrass baleage and green chop oat silage were respectively 150 %, and 25 %
higher in ME compared to barley straw. Green chop oat silage had the highest CP content at 16.1 %
DM with ryegrass baleage and barley straw respectively lower by 28 % and 68 %. SSS content of
ryegrass baleage was highest with green chop oat silage and barley straw respectively lower by 54
% and 89 %.
Table 6. Supplement nutritive composition (% kg DM-1), dry matter percentage (%), and metabolisable energy content
(MJ ME kg DM-1) for barley straw, green chop oat silage, and ryegrass baleage feed as supplements respectively to HK,
MK, and FB treatments.

Parameters1

Barley straw

Green chop oat silage

Ryegrass baleage

CP

5.1

16.1

11.6

SSS

3.1

13.0

28.3

ADF
NDF
Ash
DOMD
DM %
ME

45.9
78.8
11.0
38.5
89.5
4.9

30.4
52.0
9.2
63.6
37.1
9.8

23.6
44.1
7.2
76.4
58.0
12.2

1

DM= dry matter; ADF= acid detergent fibre; NDF= neutral detergent

fibre; CP= crude protein; SSS= starch and soluble sugars; DOMD=
digestible organic matter digestibility; ME= metabolisable energy.

Post-grazing nutritive composition for forage crops is shown in Table 7. The average CP supply 24
h post-grazing was significantly lower for MK compared with HK and FB diets. FB continued
significantly higher SSS at 54.2 % DM to that of HK, and MK not significantly different at 29.9 %
DM, 45 % lower. Metabolisable energy content per kg DM was significantly higher for FB at 14.1
with HK and MK not significantly different at 8.3 MJ ME/ kg DM, 41 % lower. Leaf to stem ratios
were not significantly different (P. <0.036), yielding: 24 ± 8.1 %, 30 ± 10.9 % and 110 ± 72.6 % of
total DM yield, respectively for HK, MK and FB. High variability and low accuracy is associated
with post-grazing ME estimations.
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Table 7. Post-grazing yield (kg DM-1 ha-1), leaf to stem ratio, dry matter percentage (%), diet nutritive composition (% kg DM-1), and metabolisable energy content (MJ ME kg DM-1) for HK,
MK, and FB treatments.

Parameters 1
Yield
DM %
CP
SSS

P.

3

SED

2

P.3

Total

Leaf

Stem

Total

Leaf

Bulb

Total

SED

328

1297a

1625a

293

950a

1248a

156

213b

369b

98.1

0.197

157.3

<0.001

240.5

<0.001

b

-

0.32

0.013

0.69

0.011

-

-

b

-

0.63

<0.001

0.83

0.004

-

-

b

-

2.40

0.135

4.39

0.002

-

-

a

b

a

18.4

b

a

10.0
21.7

12.6

7.8

a

37.3

b

36.1

NDF

ab

54.3

a

b

ME

SED

2

Stem

24.54

DOMD

P.

3

Leaf

ADF
Ash

2

Total

Stem/ bulb

Leaf

FB

MK

HK

26.0

15.5

b

4.7

a

69.8

53.7

11.0

a

7.8

-

a

b

15.6

b

a

11.6
19.7

16.2

5.6

a

35.3

b

39.5

-

21.39

-

a

59.6

ab

b

-

20.7
18.1

b

3.7

a

70.6

47.1

11.1

a

6.6

-

a

19.6

10.1

a

12.0

13.7

72.4

10.0

10.1

-

24.23

-

1.49

0.18

1.28

<0.001

-

-

-

b

a

16.6

-

2.26

0.014

2.39

<0.001

-

-

b

a

-

1.83

0.022

0.75

0.016

-

-

b

-

3.63

0.108

2.93

<0.001

-

-

b

-

0.71

0.108

0.57

<0.001

-

-

-

32.9

0.9

24.0

96.5

61.2

16.1

9.3

1

CP= crude protein; SSS= starch and soluble sugars; ADF= acid detergent fibre; NDF= neutral detergent fibre; ME= metabolisable energy; digestible organic matter digestibility;
DM= dry matter; -= parameter not measured.
2

Standard error of the difference.

3

P.= conditional probability; P. <0.001= statistically highly significant; P. <0.05= statistically significant; P. >0.05= not statistically significant.

a, b, c

Means between a crop type component with different superscripts differ (P. <0.05) by Tukey test.
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4.3.

In Sacco disappearance

4.3.1. Dry matter and organic matter degradation
Disappearance curves (Figure 7 and Figure 8) and coefficients (Table 8 and Table 9) for DM were
similar for the three crops. Total rumen degradability of OM was higher for FB than for kale (Table
9) resulting in an additional 90 g/ kg OM fermentable in the rumen. Similarly the soluble OM
(fraction a) was higher for FB than kale crops. Although mean degradation rates (fraction c) of OM
were not statistically different, a small increase in the numerical value for FB resulted in a
significantly higher effective degradability by 12 %, 15 % and 17 % at rumen passage rates of 0.02
, 0.05, and 0.08 %/ h to that of the kale crops.
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Figure 7. DM combined leaf and stem disappearance from high kale (HK), moderate kale (MK), and fodder beet (FB)
diet treatments. Error bars are standard error of mean.
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Figure 8. Organic matter combined leaf and stem disappearance from high kale (HK), moderate kale (MK), and fodder
beet (FB) treatments. Error bars are standard error of mean.
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Table 8. Mean forage crop combined leaf and stem fractional dry matter disappearance (% DM), and effective
degradability fitted to constant rumen passage rates (0.02, 0.05, and 0.08 % h -1).

Crop1

1

Fraction2

Effective degradability

a

b

a+b

c

0.02

0.05

0.08

HK
MK
FB
SED3

20.5
30.1
30.6
9.84

69.3
59.4
64.5
7.59

89.8
89.4
95.1
3.40

7.8
7.8
9.9
1.50

75.7
77.4
84.1
2.94

62.7
66.2
73.4
3.22

54.7
59.3
66.3
3.71

P.4

0.590

0.508

0.344

0.286

0.091

0.066

0.083

HK= high kale; FB= fodder beet; MK= moderate kale.

2

a= soluble fraction; b= potentially soluble, and c= fractional degradation rate per hour.

3

Standard error of the difference.

4

P.= conditional probability: P. <0.001= statistically highly significant, P. <0.05= statistically

significant, and P. >0.05= not statistically significant.
a, b, c
Means within a row with different superscripts differ (P. <0.05), by Tukey test.

Table 9. Mean forage crop combined leaf and stem fractional organic matter disappearance (% OM), and effective
degradability fitted to constant rumen passage rates (0.02, 0.05, and 0.08 % h-1).

Crop1

Fraction2
a

1

b

Effective degradability

a+b

c

0.02

0.05

0.08

a

a

55.0a

HK

22.2

67.2

89.4

7.6

75.5

62.8

MK

31.9

57.2

89.2

7.6

77.3b

66.4b

59.8b

FB

36.8

59.1

95.9

10.4

86.3ab

76.7a

70.2ab

SED3

9.10

7.05

2.92

1.50

2.54

2.84

3.31

P.4

0.386

0.433

0.165

0.176

0.026

0.018

0.024

HK= high kale; FB= fodder beet; MK= moderate kale.

2

a= soluble fraction; b= potentially soluble, and c= fractional degradation rate per hour.

3

Standard error of the difference.

4

P.= conditional probability: P. <0.001= statistically highly significant, P. <0.05= statistically

significant, and P. >0.05= not statistically significant.
a, b, c
Means within a row with different superscripts differ (P. <0.05), by Tukey test.

4.3.2. Nitrogen degradation
The fractional N degradation rate per hour was 77% faster for FB than the kale crops (Table 10).
Total rumen degradability of N (a + b) was very high at 96% of herbage N and did not differ between
the three crops (Table 10 and Figure 9). When all crops were standardised for rumen outflow rate
(0.02, 0.05, and 0.08 % h-1), N degradability of FB was 15 % and 18 % lower than kale at respective
rumen outflow rates of 0.05 and 0.08 %/ hour. There was no difference in degradation characteristics
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between the two kale crops. Kale crops had no statistically significant difference between
standardised rumen out flow rate N degradability’s.

100

Nitrogen disappearance (%)
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HK
MK
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0
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40
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Incubation (hours)

Figure 9. Nitrogen combined leaf and stem disappearance from high kale (HK), moderate kale (MK), and fodder beet
(FB) treatments. Error bars are standard error of mean.
Table 10. Mean forage crop combined leaf and stem fractional nitrogen disappearance (% N), and effective degradability
fitted to constant rumen passage rates (0.02, 0.05, and 0.08 % h -1).

Crop1
HK
MK
FB
SED
P.
1

4

3

Fraction2

Effective degradability

a

b

a+b

c

4.7

89.5

94.1
94.7

17.3

77.4

0.02

0.05

0.08

13.0a

82.2

69.2

60.0

b

83.2

71.2

62.9

ab

78.3

63.4

54.7

11.5

20.6

74.6

95.2

6.7

11.47

9.95

3.90

1.63

3.21

3.21

3.70

0.443

0.410

0.922

0.041

0.361

0.150

0.195

HK= high kale; FB= fodder beet; MK= moderate kale.

2

a= soluble fraction; b= potentially soluble, and c= fractional degradation rate per hour.

3

Standard error of the difference.

4

P.= conditional probability: P. <0.001= statistically highly significant, P. <0.05= statistically

significant, and P. >0.05= not statistically significant.
a, b, c
Means within a row with different superscripts differ (P. <0.05), by Tukey test.

Crop N to OM synchrony calculated from disappearance in sacco is presented in Figure 10. At three
hours from the start of incubation all crops had significantly different N:OM profiles with MK
resulting in the largest N loss relative to OM (65 g N kg OM-1) and FB was lowest by 87 % compared
to the two kale crops (8 g N kg OM-1). By 48 hours from the start of incubation MK and FB were
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statically significantly different, where MK was 45 % lower than FB. HK was not statistically
significantly different to both MK and FB crops.
90
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Synchrony (g N kg OM-1)
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40
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35
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Figure 10. Crop nitrogen to organic matter (g N kg OM-1) synchrony for high kale (HK), moderate kale (MK), and Fodder
beet (FB) treatments. Error bars indicate standard error of the difference.

4.4.

Grazing behaviour

4.4.1. Intake and utilisation
Crop yields 6 hours after allocation and post grazing residuals are presented in Table 11. Cows
grazing FB consumed 90 ± 5.4 % of the available crop in the first 6 hours compared with 82 ± 3.9
% and 76 ± 6.9 % in 6 hours on HK and MK respectively. Utilisation of leaf was similar to stem/
bulb utilisation after 6 hours but after 24 hours utilisation of leaf was >90% for all crops while on
average the two kale crops stem components were utilised by 87 % compared with 99 % of FB bulb.
Utilisation of supplements was estimated to be 50 %, 80 % and 80 % on the HK (barley straw), MK
(green chop oat silage), and FB (ryegrass balage) treatments respectively.

39

Table 11. Total post grazing dry matter utilisation (%) samples from HK, MK, and FB treatments.

Crop1

24 h

Total

Leaf

Stem

Total

Leaf

Stem

HK

82ab

83ab

82ab

87a

91

86a

MK

76

a

a

a

a

92

84a

FB

90b

93b

90b

98b

94

99b

SED2

4.6

4.7

5.6

1.9

3.0

1.7

0.024

0.014

0.050

<0.001

0.56

<0.001

P.
1

6h

3

77

76

88

HK= high kale; FB= fodder beet; MK= moderate kale; h= hours.

2

Standard error of the difference.

3

P.= conditional probability: P. <0.001= statistically highly significant, P. <0.05=

statistically significant, and P. >0.05= not statistically significant.
a, b, c
Means within a row with different superscripts differ (P. <0.05), by Tukey test.

Apparent daily DM intake is shown in Table 12. Apparent daily DM intake on crop was 11.6 ± 0.36,
8.0 ± 0.07 and 6.8 ± 0.13 kg DM per cow/ day respectively HK, MK and FB. Differences in rate of
intake showed that by 6 hours from allocation apparent DM intake of MK and FB cows were similar
(7.0 kg DM cow-1), whereas apparent DM intake for HK was 40 % higher (11.1 kg DM cow-1).
Including supplements total apparent daily DM intake for HK, MK and FB were similar at 13.2, 11.6
and 11.8 kg DM/ cow, equating to apparent metabolisable energy intakes of 171.5, 152.8 and 141.0
MJ ME/ cow/ day. These values are lower than the targeted 180 MJ ME/ cow/ day due to low
utilisation of supplement and over-estimation of the pre-grazing yield resulting in a small grazing
area. Apparent DM supplement intake is shown Table 12 for 24 hours, utilisation was estimated on
one day resulting in no variation is available.
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Table 12. Apparent dry matter intake (kg DM cow-1) of forage crops, and supplements consumed by HK, MK, and FB,
treatments.

Crop1

HK
MK
FB
SED
P.
1

3

2

6h
Total

Leaf

Stem

Total

Leaf

Stem

Suppleme
nt
24 h

11.1a

3.2a

7.9a

11.7a

3.7a

8.2a

1.7

13.2

a

4.1

b

a

c

4.8

11.6

5.4

b

b

3.8

11.8

7.1

a

6.2

a

24 h

2.9
0.9

b

8.1
6.8

c

3.5

b

0.9

b

4.5
5.9

Total
24 h

0.64

0.22

0.46

0.34

0.14

0.22

-

-

0.003

<0.001

0.003

<0.001

<0.001

<0.001

-

-

HK= high kale; FB= fodder beet; MK= moderate kale; h= hours; -= parameter not measured.

2

Standard error of the difference.

3

P.= conditional probability : P. <0.001= statistically highly significant, P. <0.05= Statistically

significant, and P. >0.05= not statistically significant.
a, b, c
Means within a row with different superscripts differ (P. <0.05), analysed via Tukey test.

4.4.2. Animal behaviour
Segregation of observed livestock from the main grazing mob showed no typical signs (fence
pushing or animal hierarchal challenge) to suggest that grazing behaviour was qualitatively different
in comparison to the initial herd size.
The total time spent exhibiting each grazing behaviour during the 5.42 hour period averaged over
the three allocation periods is shown in Table 13. There was no crop treatment effect on the number
of minutes spent: ruminating (15.8 ± 9.3 minutes), walking (3.3 ± 3.3 minutes), urinating (25.3 ± 8.9
seconds), or the number of urination events (2.6 ± 0.8 urinations cow

-1

period-1) during the

observation period. The amount of time spent grazing leaf or stem/ bulb was approximately
proportional to the ratios of plant leaf and stem/ bulb. Cows on the MK crop spent the most time
consuming leaf and the least time consuming stem. In contrast, cows on FB spent little time grazing
leaf and the most time grazing bulb. The total time spent grazing crops was lowest on the FB diet
(156.7 ± 35.1 minutes) compared with HK (263.3 ± 46.1 minutes) and MK (246.0 ± 32.1 minutes).
Although cows on FB spent more time eating supplement the total time eating crop and supplement
was less than for kale crops. MK cows had the highest number of drinking events, with both HK,
and FB cows having no statistical difference in number of events. Cows on FB diet spent the longest
time idling at 118.0 ± 24.1 minutes, in comparison kale fed cows spent on average 42.0 minutes, 64
% less than FB cows. Both HK and FB diet fed cows spent similarly the longest time sitting at 31.9
minutes, with both kale diet fed cows having no statistically significant difference between time
sitting. FB and HK fed cows spent the least amount of time standing at 294.0 minutes, again with
both kale diets standing time of cows was not statistically significantly different.
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Distribution of grazing behaviour during the observed grazing period is shown in: Figure 11, Figure
12, and Figure 13. Approximately 50 % of the HK and MK herds was expected (P. <0.001) to have
started stem consumption by 30 minutes from the start of grazing. Approximately 50 % of FB herd
were expected (P. <0.001) to have started to have consumed bulb by 15 minutes from the start of
grazing. As the time from start of grazing increased all kale fed cows become increasingly idle after
approximately one hour, with approximately 50 % of cows being expected (P. 0.003) to have
exhibited idling behaviour, by 174, and 108 minutes respectively HK, and MK from the start of
grazing. Whereas FB cows showed less content with grazing crop with their time spent idling being
statistically significantly longer than kale fed cows, where approximately 50 % of cows were
expected (P. 0.003) to have exhibited idling behaviour by 102 minutes from the start of grazing.
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Table 13. Total mean length of behaviours, and number of behavioural occurrences exhibited during daily forage crop allocation (5.42 hours between start to 15:00 hours) by HK, MK, and FB
treatments.

Crop1

1
2

Lenght2

Ocurance3

HK

GL
62.7a

GS
200.7a

GX
12.3a

I
38.0a

R
15.7

SI
26.7ab

ST
298.0ab

WA
5.3

US
21.2

D
0.1a

F
1.7a

U
2.0

MK

125.3c

120.7b

11.0a

46.0a

9.7

6.7a

321.7b

1.7

29.4

1.5b

1.5a

3.1

FB

21.7b

135.0b

30.3b

118.0b

22.0

37.0b

290.0a

3.0

25.5

0.6a

2.9b

2.9

SED4

8.52

13.71

6.21

9.17

5.67

9.48

9.89

2.11

5.49

0.28

0.45

0.49

P.5

<0.001

<0.002

0.005

<0.001

0.106

0.009

0.008

0.225

0.335

<0.001

0.005

0.078

HK= high kale; FB= fodder beet; MK= moderate kale.
GL= grazing leaf; GS= grazing stem/ bulb; GX= grazing supplement; I= idling; R= ruminating; SI= sitting; ST= standing; WA= walking; US= urination (seconds).

3

D= drinking events; F= fecal events; U= Urination events.

4

Standard error of the difference.

5

P.= conditional probability: P. <0.001= statistically highly significant, P. <0.05= statistically significant, and P. >0.05= not statistically significant.

a, b, c

Means within a row with different superscripts differ (F pr. <0.05), analysed via Tukey test.
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Figure 11. Grazing behaviour of high kale (HK) treatment (n= 15), exhibited during daily forage crop allocation. GL=
grazing leaf; GS= grazing stem/ bulb; GX= grazing supplement; D= drinking; I= idling; R= ruminating.
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Figure 12. Grazing behaviour of moderate kale (MK) treatment (n= 15), exhibited during daily forage crop allocation.
GL= grazing leaf; GS= grazing stem/ bulb; GX= grazing supplement; D= drinking; I= idling; R= ruminating.
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Figure 13. Grazing behaviour of fodder beet (FB) treatment (n= 15), exhibited during daily forage crop allocation. GL=
grazing leaf; GS= grazing stem/ bulb; GX= grazing supplement; D= drinking; I= idling; R= ruminating; SI= sitting.
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The number of urination and faecal events are shown respectively in Figure 14 and Figure 15. During
the averaged 5.42 hour observation period significant differences was found between all treatments
at the start and end of the observation period, with HK having significantly lower (52 %, on average)
number urination events to MK and FB between 2 to 4.92 hours from the start of grazing (Figure
15).There was no significant difference urination times for all treatments, with cows urinating on
average 2.6 times, equivalent to one urination every 2 hours (Table 13). Similarly no significant
difference was found for the duration of urinations between treatments, which were on average 9.8
seconds per urination event (Table 13). The number of faecal events was statistically significantly
higher for FB cows at 2.9 times over the measured period (5.42 hours), compared with kale diets at
an average of 1.6 times (Figure 9). This equated to approximately one faecal event every 2, and 3
hours, respectively FB, and kale diet fed cows. Respectively for HK, MK, and FB, 50 % of cows
were expected (P. 0.009) to have exhibited one faecal event by 330, 78, and 8.4 minutes from the
start of grazing.
1.000
0.900

*

Urination events (cow)

0.800
0.700

*

0.600

*

*

*

NS
HK

0.500

MK

0.400

FB
0.300
0.200
0.100
0.000
0.00- 0.92

1.00- 1.92

2.00- 2.92
3.00- 3.92
4.00- 4.92
Time from start of gazing (hours)

5.00- 5.42

Figure 14. Number of urination events (events cow-1) of HK, MK, and FB treatments, exhibited during daily forage crop
allocation. *condition probably <0.05, and NS; not significant P. >0.05, depicted is respectively: all, NS, HK to all, HK to
all, HK to all, and all.
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1.000
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0.900

0.800
*

Faecal events (cow)

0.700
0.600

*

*
HK

0.500

MK

*

0.400

FB

0.300
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0.200
0.100
0.000
0.00- 0.92

1.00- 1.92

2.00- 2.92
3.00- 3.92
Time from start of grazing (hours)

4.00- 4.92

5.00- 5.42

Figure 15. Number of faecal events (events cow-1) of HK, MK, and FB treatments, exhibited during daily forage crop
allocation. *condition probably <0.05, and NS; not significant P. >0.05, depicted is respectively: MK to all, HK to all, NS,
FB to MK, FB to HK, and NS.

4.4.3. Nitrogen use efficiency
Apparent N intake of cattle is shown in Table 14. By 24 hours from the start of allocation HK cows
had a significantly higher apparent crop N intake of 262 g/ cow/ day, with both MK and FB having
similar N intake of 142 g/ cow/ day. Apparent N intake of supplement was highest for MK cows at
98 g closely followed by FB cows 9 % lower, with HK cows the lowest at by 86 % of MK cows.
Total diet apparent N intake was highest for HK cows at 275.5 g followed by MK cows 12 % lower
and FB cows lower again by 18 %. Due to lower DM intake the N intake of all treatments did not
reach the targeted allocations by 21 %, 26 %, and 5 %, respectively HK, MK, and FB.
Apparent N intake from crop at 6 hours from the start of grazing was significantly higher for HK
cows at 247.9 g than MK and FB which had similar apparent N intake from the crop of 127.5 g.
Total diet degradation of N considers forage only as supplement degradation rate was not measured.
The total ratio of rumen degradable N to OM was highest for the kale fed cows 29.9 g N/ kg OM,
and lowest for FB cows at 18.6 g N/ kg OM.
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Table 14. Apparent nitrogen (N) intake (g N cow-1 day-1), apparent organic matter (OM) intake (kg cow-1 day-1), and mean
ratio of rumen degradable N to OM (g N kg OM-1) for HK, MK, and FB treatment cows.

HK
247.9

Intake 24 h
Intake supplement
24 h
Total intake
Mean ratio of
rumen degradable
N/ OM
2

a

P.3

FB
b

134.0

b

b

120.9

b

12.3

<0.001

SED2

Crop OM1

P.3

HK

MK

FB

a

b

5.7b

0.59

0.003

b

c

<0.001

10.1

a

6.5

262.0

145.6

138.2

6.3

<0.001

10.7

7.4

6.3

0.31

13.5

98.2

89.0

-

-

1.5

4.4

3.5

-

-

275.5

243.8

227.2

-

-

12.2

11.7

9.8

-

-

29.9

24.6

18.6

-

-

-

-

-

-

-

HK= high kale; FB= fodder beet; MK= moderate kale; h= hours; -= parameter not measured.
Standard error of the difference.

a, b, c
3

MK
a

Intake 6 h

1

SED2

Crop N1

Component

Means within a row with different superscripts differ (F pr. <0.05) by Tukey test.

P.= conditional probability: P. <0.001= statistically highly significant, P. <0.05= statistically significant, and P. >0.05=

not statistically significant.

4.5.

Cow live weight and body condition

By the end of the winter feeding trial (25 July 2013) all cows on all crops had significantly (P.
<0.001) increased their BCS by respectively .6, .7, and .7, HK, MK, and FB fed cows (Table 15).
FB and HK fed cows were significantly different with FB cows achieving the highest BCS at 5.1, 2
% higher than HK fed cows. There was no significant difference between all treatments for MK fed
cows.
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Table 15. Body condition score (scale of 1 to 10, 1= emaciated and 10= obese) for HK, MK, and FB treatments.

Crop1

15 May

25 July

HK

4.4

5.0a

MK

4.3

5.1ab

FB

4.4

5.1b

SED2

0.05

0.05

0.851

0.010

P.

3

1

HK= high kale; FB= fodder beet;

MK= moderate kale.
2
Standard error of the difference.
3

P.= conditional probability:

P. <0.001= statistically highly
significant, P. <0.05= statistically
significant, and P. >0.05= not
statistically significant.
a, b, c
Means within a row with
different superscripts differ
(P. <0.05), analysed via Tukey test.
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5. Discussion
It is accepted that a ruminant consuming forage in situ is exposed to a altering profile of nutrients,
as the vertical arrangement of chemical and physical characteristics differs among crops. During
grazing, consumption of specific nutrients is a function of abundance, and degree of animal
preference ultimately influencing microbial supply and efficiency of digestion. The aim of this study
was to determine the physical and nutritive characteristics of winter crops and examine the effects
of these characteristics on rumen fermentation parameters, grazing behaviour and evaluate their
impact on N use efficiency.

5.1.

Physical and nutritive characteristics

In the current study kale and the fodder beet crops varied in the ratio of leaf and stem and in the
nutrient compositions. Kale crops had a higher leaf to stem ratio compared with FB, although within
cultivar the there was a difference in leaf to stem ratio between HK and MK despite similar total DM
yields. Variation in leaf to stem ratio is related to leaf appearance and expansion influence on light
interception, with crops such as kale and fodder beet typically reaching a level of leaf yield
stabilisation of 4000 kg DM/ ha leaf yield (Adams et al., 2005). Sowing forage crops early increases
radiation interception as a reflection driving stem yield up, with increased capture and portioning of
photosynthate in to the stem or bulb. The resulting leaf to stem ratio is decreased, reflecting the
differing yield accumulation periods (240, and 188 days from sowing to harvest, reactively HK, and
MK) occurring between the two kale crops in this trial.
The nutrient composition of the kale crops preceding grazing is consistent with that published by
Miller et al. (2012) and Rugoho (2013) where the same kale cultivar (Regal) was grown on the same
property in previous seasons. All crops contained higher concentrations of CP and lower
concentrations of SSS in leaf. Fibre content of kale was greatest in the stem while FB had the highest
fibre concentration in the leaf. As the kale stem grows it forms an outer vascular ring of secondary
xylem cells, becoming more lignified as weight and pressure is increased with crop growth (Evans
et al., 2003; Wilson et al., 1989). Whereas fodder beet growth results in photosynthate being
transported through smaller vascular bundles to the middle of the bulb to the site of cell division.
Forming an enlarged storage hypocotyl that is relatively less lignified and higher in SSS than kale
(Petr et al., 1988; Terry, 1971). By comparison the higher ADF and NDF in kale indicates a
proportionality higher, and less rumen degradable lignin content (Grabber, 2005). Consequently the
higher OM digestibility in fodder beet (9 % higher) compared with kale, is likely to be due to the
lower fibre and higher soluble components.
The N content of the kale crops was higher than that of the fodder beet crop which was predominantly
due to the higher leaf to stem ration of the kale crops. All three crops had very similar and relatively
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high leaf N contents compared with the stem and bulb crop components. This is due to reduced
photosynthetic activity of the stem compared with leaf, as well as consistent cycling of N from root
uptake to and between leaves (Beringer and Koch, 1985). The CP content of the MK and HK crop
(138 and 134 g CP kg DM-1) was comparable to values presented by Miller et al. (2012) at 137 g
CP/ kg DM using the same cultivar. Whereas Rugoho (2013) and Westwood et al. (2012),
respectively found a higher and lower CP yield for the same cultivar (175, and 110 g CP kg DM-1).
In much the same way fodder beet CP content at the same leaf to stem ratio as this trial was
comparable with one third of the farms surveyed by Matthew et al. (2011) at 98 g CP/ kg DM, where
as the other two thirds of properties yielded on average 125 g CP/ kg DM. Variation between the CP
contents of both kale and fodder beet crops can be related to fertiliser application rate and plant
growth stage when nitrogen fertiliser applications occurred, as well as the physical proportion of
high CP leaf components of differing between crops (Fletcher and Chakwizira, 2012; Lentz and
Lehrsch, 2012).
The ME contents of HK, MK and FB were 13.3, 13.8, and 13.0 MJ ME/ kg DM. Kale ME content
is comparable to the NIRS values published by Miller et al. (2012) using the same cultivar (13.5 MJ
ME kg DM-1), although both and Rugoho (2013) and Westwood et al. (2012) found relatively much
lower contents (12.2, and 11.4 MJ ME kg DM-1) for the same cultivar. However, at the same leaf to
stem ratio as this trial the fodder beet ME content found in the North Island of New Zealand by
Matthew et al. (2011) was higher (13.8 MJ ME kg DM-1) than that found in this trial. Variation in
ME content of the crops, may be due to the different prediction equations used to determine ME.
AFRC offer a number of equations for a range of forages, silages and concentrates, many of which
show a high correlation between DOMD and ME (AFRC, 1993). However, they do not provide
separate equations for use with brassica or beta crops. Clark et al. (1987) found a weak relationship
between DOMD and ME for the fodder beet bulb compared with other crops of similar DOMD (e.g.
wheat), suggesting that the results of this trial may over estimate ME of fodder beet, due to the use
of a standard ME predation equation. Over estimation could arise from a lower gross energy content
in stem and bulb due to the variation in energy density’s of complex carbohydrates. The proportion
of carbohydrates contained in the fodder beet bulb are predominately monosaccharide’s, and
disaccharides, (e.g. sucrose, glucose, and fructose) that have a lower gross energy content
(sucrose;16.2 MJ kg DM-1) than that of feeds containing higher portions of polysaccharides such as
starch (starch; 17.2 MJ kg DM-1) (Valderrama and Anrique, 2011; Wilson et al., 1989). As a result
ME predictions for simple sugar-containing feeds, such as those used in this trial have the ability to
over state the potential energy available to the animal, when used with prediction equations
developed with high polysaccharide contents. This is in line with conclusions drawn by Gibbs (2011)
proposing a similar idea as well as that highlighted by Matthew et al. (2011). Accordingly the ME
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of fodder beet in this trial could be much closer to 12 rather than the 13 MJ ME/ kg DM estimated
from NIRS DOMD value.

5.2.

In sacco disappearance

5.2.1. Dry matter and organic matter degradation
Fractional disappearance of soluble (a) plus rumen potentially soluble (b) was not statistically
different between crops for the DM component but was different for the OM component. This can
be explained by the higher mineral content of fodder beet, on average 45 % higher in ash content
than the average of the kale crops. Keogh et al. (2009) measured the difference in mineral ash content
between fodder beet and kale plants to be higher levels of: sodium, chloride, copper, and iodine.
Total kale in sacco OM disappearance (89.3 %) is similar to in vivo OM digestibility values measured
by Barry et al. (1984) of 88.1 % using wethers feed full kale plants in metabolism stalls. Rugoho
(2013), using Friesian steers fed kale in metabolism stalls, reported total organic digestibility of only
74.6 % (assuming ash is 9.1 % DM). However Rugoho’s (2013) total digestibility included 1.5 kg
DM straw, which is likely to influence the comparatively lower values in his study. Using sheep,
Sun et al. (2012) measured DOMD at 88.5 %, close to a total OM digestibility of 100 %, although
they omitted the less digestible stem proportion in their trial. Compared with kale in sacco OM
disappearance of fodder beet was 95.9 %. Clark et al. (1987), using wethers, reported in vivo OM
digestibility of 90%, however they accounted only for the more digestible bulb component of the
fodder beet rather than the leaf and hypocotyl (total bulb less stem, and root) in this trial. It can be
expected that rumen degradability of OM in sacco would be greater for FB diets compared with kale
due to lower fibre content, conversely there is little published information which includes such a
comparison.
Both kale crops and fodder beet crop had similar proportions of potentially soluble OM (Fraction b;
629 g kg OM-1) which had a similar disappearance rate (7.8 % hour-1). Distinctively the soluble OM
fraction (a) was higher for fodder beet than the kale crops. By cutting the fodder beet hypocotyl into
small wedges to fill Dacron bags followed by freezing before trial use, may be influential on OM
disappearance. Quin et al. (1980) suggests that the cutting process used, results in the sugar content
moving to the outer edges of the wedge during cooling before freezing occurs. This has the ability
to overstate the soluble fraction, where a higher portion of SSS to surface area may be achieved at
the start of incubation, combined with increased enzyme mediated SSS oxidation from the long
Dacron bag filling period. As no comparison is available regarding the Dacron bag filling technique,
variation in soluble OM fraction may be related more to the higher portion of SSS contend in fodder
beet that has the ability to be rapidly fermented in the reticulorumen and dissolved by saliva.
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5.2.2. Nitrogen degradation and energy synchrony
The three crops had a similar rumen N disappearance of 96 %, with fodder beet showing a
significantly faster rate of N disappearance than the kale crops. Due to the low stem to leaf ratio and
low cell wall content, rapid N disappearance of fodder beet can be associated with the majority of N
content in proportion of the bulb. The low supply of N may stimulate competition within the
reticulorumen microbial population, leading to a raped rate of utilisation due to N scarcity. The high
portion of SSS contained in the fodder beet may also be influential on the ability to stimulate the rate
microbial CP degradation and use. Both Guedes and Dias-Da-Silva (2005) and Aldemir and Karsl
(2012) found the addition of sugar based supplements to the ruminant diet had large variations
relating to N disappearance rates. However, little research is available regarding the in sacco
disappearance of N in fodder beet.
Dietary supply of SSS as a source of fermentable energy in conjunction with N availability has a
large influence on microbial activity. Dependent on the reticulorumen out flow rate (not measured
in this trial), Ulyatt et al. (1988) suggest that the supply of N to OM greater than 25.5 g N/ kg OM,
a loss of N to the reticulorumen microbial population is probable, and liable to stimulate the urea
cycle, and the catabolism of MP in the reticulorumen. In this trial the FB fed cattle maintained a N
to OM ratio below this level for most of the incubation period, except at 12 hours from incubation
were it was increased 7 % above the optimal ratio. This would suggest that the supply of fermentable
protein ingested in to the reticulorumen does not sufficiently supply the N required for the inclusion
of N based compounds (e.g. AA’s and NH3) in to microbial cells, potentially limiting the production
of MP and reducing digestibility. At very Low N to OM ratios such as with FB diet requires N to be
recycled in the form of catabolised microbial protein in order to maximise reticulorumen OM
fermentation, this leads to a NUE greater than 100 % in the reticulorumen. This is also shown by the
work of Ulyatt et al. (1988) where the ryegrass diet used to supply a ratio of 22.1 g N/ kg OM yielded
a post reticulorumen duodenal flow of NAN, 106 % greater than the N intake of the diet. Due to the
higher SSS content of fodder beet Eriksson et al. (2004) suggest that this may lead to a decrease in
proteolysis and as a result, a reduction in the rate with which CP is degraded in the rumen.
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5.3.

Grazing behaviour

5.3.1. Intake
Apparent crop DM intake was 13.2, 11.6, and 11.8 kg DM/ cow/ day, respectively HK, MK, and FB,
much lower than the allocated requirement for all crops. FB cows and HK cows were closet to their
requirements (15 %, 16 % respectively) while MK was 26 % less than the requirement. Judson and
Edwards (2008) showed that under feeding of cows on winter crops is common, with more than two
thirds of the surveyed properties under allocating by 1 to 8 kg DM/ cow/ day. Judson and Edwards
(2008) is consistent with the work of Rugoho (2013) where in two experiments measuring apparent
intakes, cows missed their kale allocation by between 2 to 0.5 kg DM per day. Judson and Edwards
(2008) suggest pre-grazing yield measurement, and break allocation may be the primary driver for
these low crop intakes. Under feeding in this trial is possibly due to lower pre-grazing yield for the
segregated herd, which was situated beside the fence line, compared to the main herd receiving the
majority of the remaining paddock. The area available per cow had previously been dictated from a
larger sample area from the entire paddock indicating a higher crop yield. Although apparent crop
DM intake was much lower than required during this trial, ME intake exceeded requirements for
non-lactating pregnant cows and subsequently BCS of all cows was meet (5/ 10 BCS) at the end of
the winter feeding period.
The utilisation of fodder beet was much higher at 97 % (24 hours) than both kale crops which had
utilisation 79 %. High kale utilisation is typical, when regarding the Canterbury district as shown in
the survey by Judson and Edwards (2008) which had a mean kale utilisation of 80 %, with a large
portion of producers achieving a 90 % utilisation similar to this trial. Likewise the recent work by
Rugoho (2013) and Thompson and Stevens (2012) found similar high kale utilisation.
Rate of intake of crop during the first 6 hours of grazing differed significantly among crops. Cows
on HK consumed 7.9 or 60 % of their daily intake while those on MK or FB consumed respective
35 % and 46 % of their daily intake. High intake rates on kale have also been reported by Rugoho
(2013). However, in this case differences in supplement allowance and quality may have influenced
subsequent intake and satiety on crop. This was demonstrated by shorter grazing time on FB which
had the highest supplement allowance. Cows on both kale treatments spent over 250 minutes eating
(of 342 minutes observed) while cows on fodder beet spent only 187 minutes eating. Apparent crop
DM intake of all crops was not significantly different from six hours to 24 hours from allocation.
This effect is consistent with that seen by Thompson and Stevens (2012), and Rugoho (2013), with
cows consuming a similar proportion of their intake within six hours from crop allocation
(respectively 94 %, and 91 %). Similar to kale, anecdotal evidence from DLF seeds (2013) suggested
that fodder beet was fully utilised by sheep within 12 hours of allocation consist to that in this trial.
The implication of rapid crop utilisation, similar to that indicated by Rugoho (2013) is that there is
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the ability to remove cows from crops at 6 hours from allocation, were they can be placed on night
paddocks or managed under a stand of pad systems, generating the ability to spread or capture
nutrient output from the system.
The quality of the kale crops remaining decreased with the increase in duration of time from crop
allocation, but not for the fodder beet crop. After 24 hours the portion of less digestible nutritive
components of kale crops (ADF, and ash) had increased, with a resultant decrease in the more
digestible nutritive components (SSS). The resulting post grazing residual yielded a DOMD value
for kale leaf and stem yielded respectively, 19 % and 37 % lower than the pre-grazing measure.
These findings confirm those of Judson and Edwards (2008). Consequentially higher crop utilisation
or lower leaf to stem ratio on kale crops decreases the relative diet nutritive intake. In which case the
selective grazing ability of the cows allowed them to maintain a 3 % higher ME content per unit of
DM consumed than that measured, by selecting less of the poorly digestible lower stem parts. This
is not consistent with the results of Judson and Edwards (2008) were the apparent cow ME intake
was reduced with increased crop utilisation, but constant with that expressed by Tharmaraj et al.
(2003) regarding the apparent increase in nutrient intake by cattle selectively grazing pasture. Fodder
beet cow apparent ME intake per unit of DM was maintained over the 24 hour allocation period.
Unlike kale, the mechanism of harvest observed in this trial suggests that the majority of the bulb
was consumed in no particular order. In some instances high quality bulb or leaf where uneaten, as
cows were physically unable to harvest these components leading to higher quality components
being left.

5.3.2. Animal behaviour
Grazing behaviour during the first 6 hours was affected by the type of crop offered with MK cows
spending the most time grazing leaf, whereas HK cows spent the most time grazing stem. This can
be considered a function of the difference in leaf to stem ratio, where MK having more of their diet
allocation as leaf were required to consume a higher portion of leaf to meet there daily energy
requirement. Ginane and Petit’s (2005) work as well as that by De Vries et al. (2007) and Meyer et
al. (2010) suggest that the cows in this trial would have had a preference for the leaf component due
to lower NDF and higher DOMD. This was observed to occur as cows actively sought leaf in kale
crops. With the supply of leaf increasingly restricted with crop utilisation, leads animals to a possible
choice of dividing time feeding on leaf or stem to manage total daily energy intake. This can be seen
in the trial were stem consumption occurred sooner after break allocation in the crops with a lower
portion of leaf. Whereas with fodder beet fed cows, leaf can be considered to be of a lower nutritive
quality to that of the bulb, and therefore less desirable. The lower fodder beet leaf to bulb utilisation
by cows to that by the kale cows would indicate sensory discrimination against this component
(Favreau-Peigne et al., 2013). But as this difference is low (5 %) the risk of trampling, and harvest
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ability may confound any conclusions made from this (Judson and Edwards, 2008; Rugoho, 2013).
This suggests that cows feed on higher leaf to stem ratio crops such as MK, could have a higher N
intake with in the first few hours of grazing, with a relatively low portion of SSS intake. This has the
ability to lead an oversupply of N in the reticulorumen, possibly restricting NUE at the beginning of
grazing. But as apparent intake was not measured sooner in the trial, and the leaf component was not
measured for N and OM disappearance this is only stipulated.
Total grazing time tended to be positively associated with the allowance of the forage crops as a
proportion of their total diet, similar to that by kale-fed cows in Rugoho (2013). Fodder beet fed
cows had the highest OM digestibility and the shortest time spent grazing, where as kale fed cows
having a lower OM digestibility had an appropriately longer total grazing time. With highly
degradable diets typical of that in this trial, the voluntary feed intake and the resultant total time spent
grazing is a function of the energetic requirements of the animal and the resultant metabolic feedback
mechanisms (e.g. VFA or Na build up in rumen) triggering the start and stop of feeding (Conrad et
al., 1964; Forbes, 2007; Waldo, 1986). This may be a primary driver for the shorter grazing time
with FB cows, verified by the pronounce dip in the portion of FB cows that where grazing from
approximately 2 hours after crop allocation. This correlates with the increased proportion of time
where idling behaviour was exhibited, indicating a loss of feeding motivation indicating satisfactory
feed intake may have been meet (Ginane and Petit, 2005). In this instance diet quality and rumen
passage rates may be a primary driver of time spend grazing through alteration of the end products
of digestion.
Fodder beet cows exhibited satisfactory intake level sooner than kale cows, possibly due to a rapid
feed intake, as well as the high moisture contention of the diet. With rapid high moisture content
feed intakes like with FB and kale cows, the rumen retention time is reduced. This pushes the site of
digestion from the reticulorumen to the lower gastrointestinal tract (Colucci et al., 1990; Pellikaan,
2004). The increased lower gastrointestinal tract digestion may also influence metabolic control on
voluntary feed intake of cows, as well as the nutrient supply for feed fermentation. With respect to
fodder beet in this trial, the increased number of fecal events and relatively shorter time form first
facial event to from forage crop allocation in comparison to kale feed cows, may suggest that
digestion parameters and as a result site of digestion, and total digestibility of the crop may have
been changed (Colucci et al., 1990).

5.3.3. Nitrogen use efficiency
Total apparent N intakes were highest for HK cows followed by MK, and FB cows (275.5, 24.3.8
and 227.2 g N cow-1 day-1 respectively). N intake for kale fed cows were comparatively lower than
that previously reported in both Rugoho (2013), and Miller et al. (2012) with cows under similar
wintering treatments. In this trial the crop N intake was predominately from the crop component that
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made up the largest proportion of the diet, in which case this was the stem and bulb for the HK, and
FB cows, and the leaf for MK cows. Although in all cases bar HK supplements supply approximately
one third of the trial apparent N intake. Total N intake is the single biggest driver affecting total
urinary N losses (Higgs et al., 2012). The cows in the current study had a metabolisable protein
requirement of approximately 380 g/ cow/ day (AFRC, 1993). This equates to an N retention of 24
g N/ cow/ day for pregnancy and BCS gain, indicating a high loss of both metabolic and dietary N
is likely. But as partitioning of N into urine and fecal output was beyond the scope of this trial, N
intakes can be reduced by selection of crop and supplement systems with lower N intake and
ultimately lower urinary N.
The opportunity to improve NUE could be demonstrated by manipulating supplements on low N
diets such as FB to achieve an optimal N:OM ratio. Suggested by Ulyatt et al. (1988), Elizalde et al.
(1998), and Beever et al. (1986), FB possible represents a NUE in the reticulorumen closer 100 %,
although as the content of NAN reticulorumen out flow was not measured in this trial diet NUE is
only stipulated. The benefit by maintaining a low N to OM in the reticulorumen (NUE >100 %) can
be related to the amount of dietary CP that is deaminated to NH3 by the rumen microbes, increasing
the amount of urea N recycled from the blood stream back to the rumen, via saliva for incorporation
in to microbial structures rather than lost in the urine (Davies et al., 2013; Henning et al., 1993).
Without sufficient microbial energy supply as with higher N to OM ratio, urea N will be returned to
the blood stream the same as with a high N supply in the reticulorumen, potentially lost in urine as
a environmental contaminant (Davies et al., 2013). This would suggest that FB cows may potentially
releases less N to the environment in the form of non-utilised N from the forage crop intake. Even
though the crop N to OM ratio suggests fodder beet should be optimal, one third of the N intake of
FB cows is contained in the daily silage supplement allowance, this is likely to confound conclusions.
Due to the complexity of the ruminant digestion system, ruminants have the ability to utilise the urea
cycle, as well as MP catabolism within the reticulorumen to supply sufficient N to the microbial
population when required (Clark et al., 1992; Henning et al., 1993; Robinson et al., 1987). This
suggest that the N supplied in the ruminant diet can influence reticulorumen N supply from one day
to one week, effecting any attempt to synchronises the microbial production by supplying more N
(Beaty et al., 1994; Bohnert et al., 2002). In the case of this trial any synchrony regarding the forage
crops, may be different to that what the ruminant actual exhibits as the supplement N to OM
disappearance ratio was not measured and reticulorumen out flow rate was not accounted for. This
also highlights a number of primary limitations of the trial, regarding a lack of measurements taken.
This would include no: in sacco incubation of supplement and split plant components, urine N or
purines, rumen VFA’s and NH3, and MP and OM out flow measured. As a result it cannot be attained
comprehensively as with which diet would represent the optimal NUE.
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6. Conclusion
The leaf to stem ratio had a large influence on the chemical composition of the winter forage crops,
controlled by the stage of phonological development as well as the growth and yield formation of
the different crops. The selective grazing ability of non-lactating dairy cattle to adjust the consumed
leaf to stem ratio to that of the measured crop allows for an increased or decreased apparent nutrient
intake, is limited by the physical constraint of the supplied crop. This potentially yields higher energy
intakes than predicted, but no conclusive change in nitrogen intakes. In which case due to the analysis
used as well as appropriate energy estimations limits the accuracy of the nutritive analysis for winter
forges in the trial. Considering that similar analysis is used in commercial systems suggests that this
could lead to poor crop allocation.
Both kale and fodder beet have a high organic matter fermentation rate within the reticulorumen,
where fodder beet is significantly higher. In which case this is primarily due to the higher soluble
and less lignified components contained in fodder beet than kale, possibly allowing for a higher rate
of fermentation. Reticulorumen fermentation was not influenced by the different phenological
development stages of the two kale crops. The high supply of soluble organic matter combined with
the low supply of nitrogen in the fodder beet crop has the ability to benefit the nitrogen use efficiency
of the reticulorumen microbial population in comparison to that supplied by the kale crops. This is
more so related to the low nitrogen content of the total crop. But as nitrogen output from the
reticulorumen or the cows were not measured no conclusions can be made with regard to the total
nitrogen use efficiencies expected to occur with these forage crops.
Non-lactating, pregnant, winter crop fed dairy cows consume the majority of their daily allocation
of feed within about 6 hours from allocation. Utilisation can be driven by constantly poor allocation
driving a high rate and total crop utilisation. In the case of this trial cow intake satisfactory features
were exhibited within 6 hours from allocation indicating that metabolic mechanisms regulating
intake may have been triggered due to intake requirement being meet. This has the ability to be
associated with the rapped digestibility of the forage crops, where the more digestible fodder beet
diet fed cows tend to have reached intake satisfactory sooner than kale feed cows. This leads to the
ability for livestock to be managed between standoff paddocks or wintering pads while mating the
economic befit of utilising in situ forage cop feeding, allowing for high nutrient loadings typical of
wintering systems to be spread over a large area.

6.1.



Further research opportunities

Rumen parameters, and nitrogen output of wintering systems, practically for fodder beet
feed cows needs to occur.
Correct calibration for both kale and fodder beet crops is need for NIRS, as well as ME
prediction equations.
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Both leaf and stem components need to be evaluated separately in sacco, for better
understanding of fermentation of the crops.
Systems calculations could be made to indicate the effectiveness of integrating standoff
pads or paddocks into in situ winter forage crop feeding programmes.
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