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THEATRE PRESENTATIONS

GENETICS AND HEALTH

1

Genetic associations between tuberculosis and economically important performance traits in Irish Holstein
Friesian dairy cows
M L Bermingham, S J More, M Good, A R Cromie, I M Higgins, D P Berry

Determining host genetic susceptibility or resistance to bovine digital dermatitis in cattle
R A Scholey, W E R Ollier, R W Blowey, R D Murray, SD Carter

Genetic association between direct and indirect measures of body energy in dairy cows
G Banos, M P Coffey

Genetic and non-genetic factors influencing Ostertagia ostertagi antibodies in UK Holstein Friesian cattle
C Hayhurst, A Bradley, K Hunter, A B Forbes, M D Royal

Nutritional sensitivity of correlations between estimated breeding values for faecal egg counts and resistance
to parasites in periparturient ewes
A Kidane, P Sakkas, J] G M Houdijk, B J Tolkamp, S Athanasiadou, I Kyriazakis

Performance of Suffolk and Texel sheep grazing pastures that presented contrasting levels of parasite
challenge
J P Hanrahan, B Good

RECENT ADVANCES IN CROP SCIENCE
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Changes in the Irish Phytophthora infestans population affect potato late blight resistances
S Kildea, L J Dowley, F Hutton, D Griffin

Monitoring of organic and inorganic nitrogen sources for the nitrogen nutrition of winter wheat using a
chlorophyll meter (N-Tester®)
G Meade, T McCabe

Crop establishment systems for winter oilseed rape
P D Forristal, K Murphy

Evaluation of separated solid pig manure as a nitrogen source for spring barley (Hordeum vulgare L.)
G Meade, T McCabe

Evaluation of late blight control in potato cultivars for organic or reduced input production in Northern
Ireland
L R Cooke, G Little

The effects of rhizome size, planting density and plastic mulch on the growth and dry matter yield of
miscanthus over three seasons
D L Easson, E G A Forbes, A R McCracken

RuUMINANTS - MILK PRODUCTION AND QUALITY

13
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Improvements and validation of milk fatty acid predictions using mid-infrared spectrometry
H Soyeurt, S McParland, D Berry, E Wall, N Gengler, F Dehareng, P Dardenne

Effects of feeding Chrysanthemum coronarium flowers to lactating dairy cows on milk fatty acid
composition
D J Humphries, R J Wallace, K J Shingfield, K E Kliem, C K Reynolds
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Effect of omitting one milking weekly on milk production and quality characteristics
B O’Brien, D Gleeson, J] Humphreys

Effect of rumen protected choline supplementation on milk production and composition of lactating Friesian
COWS
M Mohsen, H Gaafar, M Khalafallah, A Shitta, A Elsheikh

Effect of calving difficulty on the saleable milk yield of UK Holstein Friesian dairy cattle at different stages
of lactation
A C Barrier, M P Coffey, M J Haskell

The effect of adding stinging nettle (Urtica dioica) haylage to a total mixed ration on performance and
rumen function of lactating dairy cows
D J Humphries, C K Reynolds

The fatty acid composition of milk available at retail over the course of one year
K E Kliem, D I Givens

Effect of low energy high fibre and grass silage feeding strategies on metabolic status of dairy cows in the
peri-partum period
M Butler, J Patton, J ] Murphy, F J Mulligan

Differential transport of trans fatty acids by bovine plasma lipoprotein fractions: 1. Soya oil and partially
hydrogenated vegetable oil
E Vargas-Bello-Pérez, P C Garnsworthy

Differential transport of trans fatty acids by bovine plasma lipoprotein fractions: 2. Fish oil and partially
hydrogenated vegetable oil
E Vargas-Bello-Pérez, P C Garnsworthy

The association between herd size, herd expansion and breeding policy, reproduction and production
performance of spring calving Irish dairy herds
J Jago, D P Berry
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Nutrient composition and in vitro degradability of some tropical shrubs from Pakistan
M R Virk, A S Chaudhry

Effect of incubation time on chemical compositions and in vitro digestibility of treated extracted gambir leaf
waste (Uncaria gambir roxb) with mix Rhizopus sp and Aspergillus niger as animal feed
N Gusmanizar, Y Marlida, M Dasya

Development of an intra-ruminal nylon bag technique for feed evaluation which does not require the use of
fistulated animals
R W Mayes, ] H Pagella, E R Orskov

The effect of dietary proportions of kale (brassica oleracea) and grass silage on rumen pH and volatile fatty
acid concentrations in dry dairy cows
B Keogh, P French, F J Mulligan

The effects of individual or blended essential oils on rumen gas production and ammonia accumulation
in vitro

K Mitchell, S Chikunya

Effect of phenotypic residual feed intake and diet type on ruminal microbial population in beef heifers
C A Carberry, D A Kenny, M S McCabe, S M Waters

Effect of feeding level on dry matter degradation characteristics of canola meal and soybean meal
M Pourabedin, A Afzalzadeh, A A Khadem

In situ dry matter digestion of different fodder tree leaves in Pakistan
A 'S Chaudhry, M R Virk, U B Cheema

Comparison of ruminal degradability models using the number of runs of sign of residuals
M H Fathi Nasri, M Danesh Mesgaran, J France, E Kebreab, H Farhangfar
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Effect of body weight at weaning on piglet feeding behaviour immediately post weaning and selection for
two levels of dietary lysine
F H Reynolds, J M Forbes, H M Miller

The effect of glycerol on nutrient digestibility in finishing pigs
M E E McCann, E Magowan, K J McCracken, V E Beattie, F J Gordon, M D Scott, A Thompson,
R Bradford

The effect of feeding genetically modified Bt maize (MONS810) for 30 days on weanling pig growth
performance organ weights and organ histopathology
S G Buzoianu, M C Walsh, G E Gardiner, M C Rea, R P Ross, P G Lawlor, J P Cassidy

An investigation into the effect of milk supplementation from birth on performance in naturally suckled
piglets fed no creep feed
A H Stewart, F Baker, S Icely, R Hooper

Using high quality forages to improve in vifro rumen degradability and fermentation of low quality forages
MM H Khan, A S Chaudhry

An evaluation of the effect of grass silage and concentrate feed level on ewe and subsequent progeny
performance and on potential concentrate sparing effect
T W J Keady, J P Hanrahan

Using different levels of sorghum in finishing Ghezelx Arkhar-Merino crossbred lambs diets and its effects
on animal performance
A Hosseinkhani, A Taghizadeh, H Daghigh Kia, Ali R Baroj, S Alijani

The effect of soaking and urea treatments on the voluntary intake of wheat straw by sheep
A M Shirif, A’ S Chaudhry, A Younger

Effect of soaking and urea treatment on in-sacco degradability of wheat straw in sheep
AM Shirif, A S Chaudhry, A Younger

ANIMALS AND ENVIRONMENT
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Comparison of the perfomance and carbon footprint of dairy-origin beef systems
L ER Dawson

An examination of the performance, nutrient digestibility, enteric methane emissions and rumen fermentation
characteristics of beef cattle fed either barley or ground ear maize based diets
M B Lynch, D A Kenny, T M Boland

Performance of an on-farm anaerobic digester using dairy cow slurry as the sole feedstock
J P Frost, S R Gilkinson

Effect of diet, bedding material and ambient temperature on the production of volatile fatty acids and
ammonia in the bedding of beef steers in an arctic production system
G A Romero-Perez, T A McAllister, K H Ominski, D O Krause

Biosafety assessment of pig manure during composting with straw, sawdust and greenwaste bulking agents
G McCarthy, P G Lawlor, T Nolan, M Gutierrez, G E Gardiner
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LivEsTocK AND CLIMATE CHANGE: IMPACTS AND MITIGATION
48 Investigation of faecal archaeol as a biomarker for rumen methanogens
F L Gill, R D Pancost, I D Bull, E McGeough, P O’Kiely, R J Dewhurst

49 Development of Tiers 2 and 3 methane emission factors for enteric fermentation and manure management of
cattle and sheep using Hillsborough herd data and calorimetric methane measurements
T Yan, V B Woods, S J Morrison, F O Lively, R Annett, L E R Dawson, A Carson

50 Effect of level of dietary soy oil supplementation and concentrate to forage ratio on feed intake, methane
production and rumen fermentation variables of beef steers
K J Petrie, T M Boland, K J Hart, C M McCarney, S M Waters, D A Kenny

51 Effect of either soya or linseed oil supplementation of grazing dairy cows on milk production and methane
emissions
J D Rowntree, K M Pierce, F Buckley, K J Petrie, J J Callan, D A Kenny, T M Boland

52 Chemical composition of different fractions of Solanum lycocarpum St Hil
H R Lima Neto, A S Chaudhry, M M H Khan

53 Biological and economic consequences heat stress due to a changing climate on UK livestock
E Wall, A Wreford, K Topp, D Moran

EQUINE PERFORMANCE
54 Conformation and its effect on laterality in the thoroughbred racehorse
L J Pocock, M Moore-Colyer

55 A comparison of the response of equine heart rate to different equine exercise regimes
C E S Barratt, J C Litten-Brown, C K Reynolds

56 The Influence of Equine Facial Dermatoglyphic Profiles on English and Irish Thoroughbred
(Equus caballus) Flat Racehorse Performance Ratings
J M Williams

57 Factors that effect the success of embryo transfer in polo ponies

L Ticehurst, ] Wiseman, H V Masey O’Neill

58 Characterisation of linkage disequilibrium and subsequent estimation of effective population size in
Thoroughbred horses using single nucleotide polymorphism markers
L J Corbin, S C Bishop, J E Swinburne, M Vaudin, S C Blott, J] A Woolliams

59 Genetic evaluation of sport horses for performance in Eventing competitions in Great Britain
1 D Stewart, S Brotherstone, J A Woolliams

PROGRESS AND POTENTIAL FROM ANIMAL BREEDING
60 Increase in accuracy using multi-trait genomic breeding value estimation
M P L Calus, R F Veerkamp

61 Response to genomic selection in the Scottish Blackface breeding programme
E A Navajas, R M Sawalha, C A Duthie, R Roehe, T Roughsedge

62 Discovery of novel single nucleotide polymorphisms in the bovine growth hormone receptor gene and their
association with performance traits in Holstein-Friesian cattle in Ireland
M S McCabe, S M Waters, D J Howard, L Giblin, D A Magee, D E MacHugh, D P Berry
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The effect of the breeding value status of pedigree Suffolk and Charollais sires on lamb growth under
commercial farm conditions
J P Hanrahan

Using standardised data as a means to overcome the limitations of fitting polynomials in a genetic analysis of
lifetime ewe weights using random regression
G E Pollott, G Galea

Phenotypic performance of progeny from UK sires selected on female fertility beef EBVs
K L Moore, R Mrode, B Lowman, T Roughsedge

Genetic parameters for animal price and live-weight from routinely collected data at livestock marts
N McHugh, R D Evans, P R Amer, D P Berry

Estimation of genetic parameters for test-day somatic cell count in UK Holstein Friesian dairy herds
T C Pritchard, E Wall, R A Mrode, K Moore, M P Coffey

Estimates of heterosis for non-production traits for an all dairy breed genetic evaluation in the United
Kingdom
R Mrode, M Coffey, K Moore, E Wall

Development of calving ease evaluations for UK Holstein-Friesian cows
E Wall, R Mrode, G Banos, M Coffey
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J F Kearney, A Cromie, D P Berry
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Environmental impact of three high-concentrate diets fed to bulls
H M G van der Werf, C Martin, M Doreau

The effect of application timing on ammonia emissions from cattle slurry in Ireland
S T J Lalor, G J Lanigan

The influence of strain of Holstein-Friesian cow and feeding systems on greenhouse gas emissions from
pastoral dairy farms
D O’Brien, L Shalloo, C Grainger, F Buckley, B Horan, M Wallace

An inventory of methane emissions from ruminant animals in Northern Ireland due to enteric fermentation-a
comparison using Tier 1 and Tier 3 emission factors
V B Woods, T Yan
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F Bourdin, G Lanigan, R Sakrabani, M Kibblewhite

The potential effects of saponins on ruminal fermentation
H R Lima Neto, A S Chaudhry, M M H Khan, G S Rocha
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B F O’Neill, M Deighton, B O’Loughlin, F J Mulligan, M O’Donovan, E Lewis
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E Cahalan, K G Richards, C Mueller, M I Khalil, C Watson, R Laughlin, D Hennessy, D Devaney
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N J Hoekstra, KG Richards, O Schmidt
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N Artuso, T F Kennedy, J Connery, O Schmidt
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E L Moynihan, K Ritz, S Tyrrel, K Richards
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Introduction Mycobacterium bovis is the principal agent of bovine tuberculosis (bTB). A recent study has demonstrated
genetic variation exists among Holstein-Friesian dairy cattle for resistance to M. bovis infection (Bermingham et al. 2009).
The objective of this study was to estimate the genetic associations between susceptibility to M. bovis infection and
economically important traits.

Materials and methods The single intradermal comparative tuberculin test (SICTT) is used as a measure of susceptibility
of cows to M. bovis infection. The test involves injecting M. bovis-purified protein derivative (PPD) into the neck of each
animal, and comparing the reaction induced to that produced by M. avium-PPD (a measure of sensitisation to
environmental mycobacteria). Susceptibility to M. bovis-PPD responsiveness was dichotomised as standard reactor (a M.
bovis-PPD reaction 4 mm or greater than the M. avium-PPD reaction) or nonreactor (a M. bovis-PPD reaction equal to the
M. avium-PPD reaction). National SICTT records between November 2000 and December 2007 were available for
inclusion in the analysis. Cows that calved outside the normal age for a given parity, that had inconclusive SICTT results,
or that moved into the herd within six weeks of the SICTT (it takes three to six weeks to develop a positive reaction to the
test post infection) were discarded. Following edits, only episodes (herd restrictions initiated by two or more standard
reactors [one of which was home bred], and terminated by two consecutive clear herd tests) with at least one standard
reactor and ten or more tested cows were retained; 17,178 M. bovis-PPD responsiveness records from 598 episodes
remained. Data on first to third parity 305-day milk, fat, and protein yield, somatic cell score (SCS), calving interval (CI),
first parity body condition score (BCS), as well as survival from parity 1 to 2, 2 to 3 and 3 to 4 were extracted from the
Irish Cattle Breeding Federation database for cows calving between 1985 and 2007. Cows with an age at calving more than
22 months from the parity median, and herd-year-season and paternal half sib groups with less than five records were
removed. Following edits, 105,064 (with 2,185 M. bovis infection records) cows had information on production, 112,337
(with 2,389 bTB records) had information on CI, 104, 044 (with 2,895 bTB records) had information on survival, and
57,250 (with 354 bTB records) had information on BCS. Genetic and residual (co)variance components between
susceptibility to M. bovis-PPD responsiveness and performance were estimated using bivariate linear-linear (LLSM) and
threshold-linear (TLSM) sire models in ASREML (Gilmour et al. 2009). The likelihood ratio test of nested models was
used to determine whether the correlations differed significantly from zero. The perfomance data were randomly split by
herd-year-season contemporary group and correlations re-estimated, to assess the repeatability of correlations.

Results Heritability (standard errors in parentheses) for susceptibility to M. bovis-PPD responsiveness estimated from the
threshold model was 0.12 (0.024). Susceptibility to M. bovis-PPD responsiveness was positively genetically correlated with
second parity fat production and BCS, and negatively genetically correlated with first parity SCS and survival from parity 3
to 4. Similar correlations were obtained from the LLSM and TLSM and from both sub-sets of data.

Table 1 Genetic correlations (standard errors in parentheses) from linear-linear models between susceptibility to M. bovis-
PPD responsiveness and economically performance

Trait Parity 1 Parity 2 Parity 3
Milk yield 0.23 (0.14) 0.24 (0.14)  0.13(0.16)
Fat yield 0.32 (0.14) 0.39 (0.13)*  0.23 (0.15)
Protein yield 0.16 (0.15) 0.32(0.14)  0.06 (0.16)
Somatic cell score -0.34 (0.14)*  -0.11(0.15) -0.14 (0.17)
Calving interval -0.07 (0.18) 0.00 (0.22)  -0.18 (0.30)
Survival -0.08 (0.22) -0.17 (0.23)  -0.62 (0.22)*

Body condition score  0.36 (0.14)*
*Genetic correlations significantly different from zero.

Conclusions This is the first study to estimate genetic correlations between susceptibility to M. bovis infection and
performance. The results from this study suggest that selection for increased survival may indirectly reduce, while selection
for reduced SCS and increased fat production and BCS may increase susceptibility to M. bovis infection within the national
Holstein Friesian dairy herd. However, future work on independent data that corroborates these finding is required before
definitive conclusions can be drawn.
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Introduction Bovine digital dermatitis (BDD) is a bacterial infection of the hoof, causing painful lesion formation and
progressive lameness. Treponemes have been implicated as the causative organism [1]. Primarily affecting commercial
dairy herds, the disease presents agriculture with a huge economic and animal welfare problem. Within any herd there
appears to be great variation in the way cattle are affected; some are recurrently and severely affected, where as others are
relatively untouched by digital dermatitis, suggesting an underlying genetic susceptibility. Using a candidate gene approach
we are investigating whether there is any genetic pre-disposition to the disease, by examining variations in the DNA known
as single nucleotide polymorphisms (SNPs), in key genes with immune function. This study examines what SNP
differences exist in BDD affected cattle, BDD unaffected cattle and in different breeds of cattle with differing BDD
susceptibilities. Alongside this, we have conducted a genome wide association study using the Illumina bovine SNP-50
bead chip, to investigate SNP differences across the genome of BDD affected and BDD unaffected animals. Ultimately this
study aims to identify key SNPs that may be associated with susceptibility or resistance to bacterial treponeme infection,
and thus development of digital dermatitis, in cattle.

Materials and methods Cattle from three commercial pedigree Holstein Friesian farms were screened over a period of
several months to identify BDD affected and BDD un-affected animals. DNA samples were obtained from BDD affected
cattle (n=88) and BDD unaffected cattle (n=114). In addition DNA samples were collected from eight various other breeds
of beef and dairy cattle (total n=178). Fifteen immune-related candidate genes were identified by literature search including
CD14, iCAMI, ILIB, IL6, S10A8, MBL, VDR, iNOS, NRAMPI1, TNFa, TIMP2, MMP9, TLR4, TLR2, IFN-y. In this
group of genes there were 60 publicly available SNPs that were of interest to the study. Eleven candidate genes had few
SNPs available so SNP discovery was undertaken. The DNA of 10 Holstein-Friesian, 10 Guernsey, and 7 British Whites
was screened for novel SNPs using Transgenomic WAVE technology. The screened fragments yielded 70 novel SNPs.
Genotyping assays (Sequenom mass-array technology) were designed to validate the panel of novel and public SNPs, and
determine allele frequencies in the cohort of BDD unaffected animals, BDD affected animals and in the different cattle
breeds. In addition the Illumina bovine SNP-50 bead chip was used to screen DNA samples from 24 of the BDD affected
animals and 24 of the BDD unaffected animals.

Results A preliminary analysis of the genotyping data suggests several of the candidate gene SNPs are significantly
associated with BDD susceptibility/resistance. A preliminary analysis of the whole genome screening with the illumina
SNP-50 bead chip suggests there are several regions on the genome where SNPs are associated with BDD
resistance/susceptibility. Figure 1 shows a plot of the significance of SNP associations after population stratification was
taken into account and out liars removed for the BDD affected group (n=19) and the BDD unaffected group (n=21). The
most associated SNP (chromosome 26) had a p value of 2.23E-5 (corrected using 1000 permutations). Currently a
confirmation study is being performed on the most associated SNPs in a larger cohort of affected and unaffected animals.
Genome wide azzoclation plot of EDD caze/control SNP association
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Figure 1

Conclusion This study has found some potentially interesting SNPs that are associated with susceptibility/resistance to
BDD and therefore also bacterial treponeme infection. Once susceptibility/resistance SNPs are identified, populations can
be screened for alleles associated with the disease. The results may help reduce digital dermatitis in dairy cattle by better
informing breeding strategies. The principles of this project can be applied to a range of cattle infectious diseases, and will
be useful in addressing the ever increasing consumer demands for improved animal welfare and food safety.
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Introduction Body energy refers to the amount of internal energy a cow has at her disposal to support physiological
functions (milk production, growth, reproduction, maintenance, activity). Ideally, body energy would be directly measured
using individual feed intake and physiological function records. In field conditions, however, such information is not
available. For this reason, indirect measures of body energy have been suggested based on the body condition score and
live weight of a cow. The usefulness of these traits depends on their true association with direct body energy. The objective
of this study was to derive the correlation between direct and indirect measures of body energy in dairy cows.

Materials and methods Individual records for milk yield and composition, dry matter intake, live weight, and body
condition score (BCS) were extracted for 1* lactation Holstein cows from the Scottish Agricultural College database of
records gathered at the research station at Langhill Farm. Cows had calved between 1990 and 2005, and participated in feed
and selection experiments. Milk yield records were available almost daily (5-7 days/week), dry matter intake was recorded
3 times/week, and milk composition, live weight and BCS were available on a weekly basis. Daily phenotypic records were
calculated for each cow and trait using a mixed model that included the fixed effects of feeding and genetic group, year-by-
month of record, year-by-season of calving, age at calving, and 3" order orthogonal polynomial of days in milk; an
interaction of the latter with cow was also fitted as a random effect. Solutions were used to calculate daily records for each
trait. At the end of this step, there were 246,708 daily records for 801 cows. Subsequently, a direct measure of body energy
was calculated based on all trait records plus data on the chemical composition of feed. The effective energy system
proposed by Emmans (1994) was used. In addition, 3 indirect measures of body energy were considered: BCS, energy
content (EC) and cumulative effective energy (CEE), the last two being combinations of BCS with live weight. Banos and
Coffey () describe these direct and indirect traits in detail. The genetic correlation of each indirect trait with direct body
energy was calculated using a bivariate random regression model that included the same fixed effects as the previous
model, in addition to a cow genetic and a permanent environment random effect. This analysis yielded genetic correlation
estimates for each day of lactation. Finally, the possibility to predict direct body energy from each indirect measure was
assessed with a model including the same fixed effects plus a regression on each indirect measure. For this reason, the
dataset was randomly split into 3 equally sized subsets and, in each of 3 permutations, 2 subsets were used to calculate the
regression coefficients while the 3" subset was used to implement and compare predicted and observed direct body energy
on independent data. Comparison criteria were the mean absolute difference, root mean square error, product moment
correlation and an accuracy indicator based on the prediction error variance.

Results Significant (P<0.05) genetic correlations between direct body energy and BCS were observed on days 21-107 of
lactation and ranged from 0.41 to 0.60. For EC and CEE, corresponding results were days 18-101 and 32-122 of lactation
and correlation estimates of 0.38-0.54 and 0.45-0.70, respectively. Strongest genetic correlations with direct body energy
were found on days 61, 60 and 71 for BCS, EC and CEE, respectively. Comparisons of observed and predicted direct body
energy from indirect traits (BCS, EC and CEE) are shown in Table 1. These results are averages of the 3 permutations and
pertain to days of lactation with a significant genetic correlation between direct and indirect body energy measures. All
estimates in Table 1 were significantly greater than zero (P<0.05). No statistically significant differences were found in the
predictive ability of the three indirect measures.

Table 1 Comparison between observed direct body energy and predicted direct body energy from 3 indirect traits

Predictor trait Mean absolute Root mean square Correlation (%) Accuracy (%)
difference (MJ) error (MJ)

Body condition score 14.84 18.97 89.02 82.74

Energy content 15.26 19.49 88.52 82.14

Cumulative effective energy ~ 14.48 18.51 89.22 82.99

Conclusions This study revealed significant positive genetic correlations between direct and indirect body energy
measures, especially in the first 2-3 months of lactation. These indirect body energy measures may be used to predict, with
relative accuracy, direct body energy. Differences among the three indirect body energy traits were negligible. Because of
its simplicity in recording at field conditions, body condition scored at the time of the 2™ or 3™ milk test is recommended as
a proxy to direct body energy at that stage of lactation.
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Introduction Today’s Holstein-Friesian dairy cattle selection indices are much broader than their predecessors; however
there are still areas, concerning health and welfare that require investigation. Sub-clinical gastrointestinal (GI) nematode
infections are one such area, O. ostertagi (Oo) being one of the most widespread and important GI nematode parasites of
cattle in temperate regions. It is known to cause severe clinical disease in young cattle and causes reduced yield, weight and
body condition score in adults. Although sheep have been selected for resistance and/or resilience to nematode infection,
knowledge of protective immune responses in cattle and thus genetic selection opportunities to date are limited. The
predominant immunoglobulin involved in the humoral immune response to GI nematodes is IgG (Sanchez ef al., 2004b). In
sheep, IgA is considered to regulate O. circumcincta worm fecundity (Stear et al., 1996) but it has been rarely studied in
cattle and is barely detectable in serum or milk, thus its role is unresolved. However, total 1gG levels in serum have been
related to acquired and protective immunity to Oo in cattle (Kloosterman ez al., 1984). The aim of this work was to estimate
the genetic variation, heritability and effects of other non-genetic factors on Oo specific total IgG concentration in milk of
Holstein Friesian cattle.

Materials and methods Anti- Oo antibody level (total IgG; and G,) was determined by a solid-phase indirect enzyme
linked immunosorbent assay kit (ELISA; Charlier et al., 2005) and measured using optical density ratio (ODR = ODg,ppic —
ODegative control / ODpositive control = ODhegative control) from milk samples collected from 1,303 Holstein-Friesian cattle in 255
commercial dairy farms between 2002 and 2004 during their first (82%) and other (2-12) lactations. Various fixed, random
and nested effects (herd, area of country, year, month and season of sample, time of sample, parity and days postpartum)
were systematically investigated in the model. The final model included the fixed effects of herd (n = 229), season of
sample (n = 4) and the random effect of sire of animal (n = 461; mean =+ standard deviation; 2.76 &+ 2.99 daughters per sire,
range 1 to 27). Analysis of the data with a full animal model was not possible due to data limitations (lack of dam
identification and some sire pedigree information). Thus, only the most simple sire model fitted to the ODR data using
ASREML software and variance components estimated. Caution must therefore be used when interpreting the variance
component estimates in terms of reduced accuracy and potential bias.

Results The association with days postpartum, area of country, parity, sample time (AM or PM), sample month and year on
ODR were not significant and therefore were not included in the final univariate model. Season had a significant
(P<0.0001) effect with ODR largest during summer months (June to August) and lowest in winter (December to February).
This pattern is thought to reflect the ingestion of infective larvae, which are present on pasture and whose concentrations
typically increase throughout the grazing season. Antibody levels typically decline during housing over winter because of
the cessation of larval ingestion. ODR was heritable and the estimate was significantly different from zero (0.13 £ 0.12; h?
+ s.e.; P<0.05). This is comparable to estimates of antibody response to other conditions in serum (Wagter et al/, 2000;
Gonda et al., 2006). Furthermore, the present study confirms the significant effects of sire and herd on Oo antibody level
also found in a smaller study (n = 9 sires) using pooled milk samples per sire in New Zealand dairy cattle (Morris et al.,
2002).

Conclusion This study found that anti-Oo total IgG antibody response is under genetic control and highlights the
significant effect of season of sample and herd. These sources of environmental variation would need to be considered in
future investigations into the potential use of antibody response in genetic selection and also in parasite control programs.
The possibility of anthelmintic resistance may mean that in the future, producers may use a combination of management
and genetic selection to control parasitic infection and susceptibility. Because of the relatively small dataset available and
the very simplified genetic model applied, further large scale genetic studies need to be carried out to fully dissect the
relationship between parasitic susceptibility and antibody response and the genetic and non-genetic factors affecting them.
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Introduction Only at times of metabolisable protein (MP) scarcity, resistance to gastrointestinal parasites was lower in
highly productive Mules than in the less productive Blackface ewes (Kidane et al/ 2009). Thus, genetic differences in
parasite resistance may be more pronounced when MP is scarce. Estimated breeding values (EBV) for faccal egg counts
(FEC) may describe within-breed variation in parasite resistance. Here we tested whether FEC are positively correlated
with EBV for FEC at times of MP scarcity only.

Materials and methods Single (-1) and twin (-2) bearing pure-bred Suffolk ewes (n=16) with an EBV for FEC ranging
from -0.37 to +0.91, were trickle infected with 10,000 Teladorsagia circumcincta larvae from day.,4 onwards (day, is
parturition). Their body weight (kg) and condition score on day_,, were 61.1+1.9 and 1.9+0.1, and 66.0+1.4 kg and 1.9+0.1,
respectively. From day ,,, ewes were fed at 0.9 times metabolizable energy requirement and at either 0.8 (LP-) or 1.3 (HP-)
times MP requirements (AFRC, 1993). Ewes and lambs were weighed weekly and within 12h post lambing. Ewe FEC (in
eggs per gram (epg) faeces) were assessed twice weekly, and log(FEC+1) was used for statistical analyses. Ewe body
weight gain (g/day) and relative litter daily gain (g/day/kg) was estimated by linear regression. FEC were analysed using a
repeated measures 2 x 2 factorial ANOVA (REML). Ewe weight gain, post parturition ewe body weight, litter birth weight
and relative litter weight gain were analysed using a 2 x 2 factorial ANOVA (REML). Pearson’s correlations were
calculated between EBV and mean FEC during late pregnancy and during lactation.

Results Feeding treatment and litter size did not === Mingle—rmuring, LA === Twin-readng, LF
significantly interact for any performance measures taken. T Minglemerim, HE —@— Twinomeaning, Be
Treatments did not affect late pregnancy body weight gain casal

and ewe body weight at parturition, which averaged at ? —_—

206+23 g/day and 58.1+1.0 kg, respectively. However, 53" aan

during lactation, ewe body weight gain averaged at -56 and L

+59 g/day for single- and twin-rearing ewes (s.e.d. 42.4 aan

g/day; P<0.01) and -81.2 and +83.1 g/d for LP and HP sany

ewes, respectively (s.e.d. 42.4 g/day; P<0.001). Lactational 1.08

weight gain of twin-rearing HP ewes (HP2) was different o.80

from zero (P<0.05). Feeding treatment did not affect litter E .80

birth weight, which averaged 5.1 and 6.9 kg for single and o ::::

twin litters, respectively (s.e.d. 0.34 kg; P<0.001). Litter ; e

size did not affect relative litter weight gain, which = -0.ED

averaged 36.7 and 47.0 g/d/kg for LP and HP ewes, E"""“‘

respectively (s.e.d. 4.95 g/day/kg; P<0.05). :::::

Figure 1 show the backtransformed FEC of the ewes and D e
their correlation with EBV for FEC on each time point. Time arcund parturltion (dmy=)

Time did not interact with feeding treatment and litter size
for FEC. During late pregnancy, FEC tended to increase
(P=0.06), whilst during lactation, FEC first reduced and
then gradually increased until the end of the
experiment (P<0.001).  During late pregnancy and lactation, single-rearing ewes had lower FEC than twin-
rearing ewes (P<0.01). However, feeding treatment and litter size interacted (P<0.05); MP feeding did not affect FEC in
single-rearing ewes but HP2 ewes had higher FEC than LP2 ewes. Ewe EBV for FEC correlated
significantly with observed FEC during lactation only, and when calculated across lactation only for LP ewes (LP1: r=0.70;
LP2: r=0.81; P<0.05) but not for HP ewes (HP1: r=-0.39; HP2: r=0.16; P>0.35).

Figure 1 FEC and their correlation with EBV for FEC of
LP and HP fed single- and twin rearing ewes over time

Conclusion Response in litter gain to MP supply suggests that MP was limiting for LP ewes. However, in contrast to the
expectation (Coop and Kyriazakis, 1999), MP supplementation did not reduce FEC but increased ewe body weight gain in
twin-rearing HP ewes, which also had a lower than expected litter birth weight. This could suggest that at times of low
body condition score, live weight gain may be prioritised over immunity to parasites. The presence of significant
correlations between FEC and EBV for FEC in LP ewes only supports the view that genetic superiority in terms of
resistance to parasites may only be observed at times of protein scarcity.
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Introduction Suffolk sheep have substantially lower faecal egg counts for gastrointestinal nematode parasites than co-
grazed Texel sheep and these breeds also have different nematode burdens in the abomasum and small intestine (Hanrahan
and Crowley, 1999; Good et al., 2006). The impact of these differences in resistance to parasite infection on animal
performance needs to be established in order to determine whether there are breed differences in resilience to
gastrointestinal parasite infection. The objective of this study was to evaluate differences in breed performance when
grazed under contrasting level of parasite challenge. The null hypothesis was that breed differences in lamb growth rate are
independent of level of parasite challenge.

Materials and methods The study was repeated over two grazing seasons and the animals involved (143 Suffolk and 151
Texel lambs) were from the purebred flocks of Suffolk and Texel sheep maintained at this research centre. The ewes in
these flocks are housed between December and lambing (early to mid March) and are turned out, with their lambs, to
pasture within 2 to 3 days after parturition. Routine animal performance records include ewe weight and condition score
post mating, 5 weeks post lambing and at weaning and ewe condition score immediately post lambing; lambs were
weighed at birth and at 5, 10 and 14 weeks (weaning) of age. In present study all lambs were also weighed at 18 weeks of
age. Level of nematode infection was monitored by faecal egg counts at regular intervals up to 18 weeks of age and the
number of infective larvae on pastures was evaluated weekly in year 1. Two pastures with different grazing histories were
used: ‘Clean’ = sward established in the autumn prior to year 1 of this study and not grazed by sheep prior to turnout in
spring of year 1, ‘Dirty’ = permanent old pasture that had been grazed by sheep only for at least 10 years prior to year 1.
The management of the ‘Clean’ sward during the late summer and autumn of year 1 was designed to minimise any
accumulation of infective larvae so that herbage larval challenge in year 2 was maintained at a low level. . Ewes were
assigned at random, within breed and lambing date, to treatment and were managed as a single group within treatment.
Anthelmintic treatment of lambs during the period to 18 weeks of age was as follows: all lambs were dosed at 5 weeks of
age and no further anthelmintic was administered until after 18 weeks of age. All ewes were dosed post lambing, prior to
turnout, to minimise larval output onto the ‘Clean’ pasture. Data were analysed using mixed model procedures.

Results The objective of providing contrasting levels of parasite challenge between the ‘Clean’ and ‘Dirty’ pastures was
achieved as shown by contrasting faecal egg counts (40/g for Clean v 400/g for Dirty at 18 weeks; the ‘clean’ group had
essentially zero counts at 14 weeks whereas the dirty group averaged 300 eggs/g) and the number of infective larvae per 1
kg herbage dry matter (near zero for ‘Clean’; over 500 for ‘Dirty’ between mid June and mid August). Data on lamb
growth are summarised in Table 1. There was a highly significant breed x pasture type interaction for weights at 14 and 18
weeks of age and growth rate from 5 weeks to weaning. These interactions reflected the much greater impact of “Dirty”
grazing on Suffolk lambs. At 18 weeks of age Suffolk lambs on ‘Dirty’ pasture were 4.6 kg lighter than Suffolk lambs on
“Clean” pasture whereas the corresponding difference for Texel lambs was only 1 kg. There was no evidence for an effect
of grazing treatment on lamb growth rate between birth and 5 weeks and it is evident that the negative impact of dirty
grazing on Suffolk lambs increased as the season progressed (Table 1). There was also evidence for a breed x grazing
treatment interaction for some aspects of ewe performance. Thus, live weight of Texel ewes at weaning was unaffected by
grazing system whereas Suffolk ewes on the “Dirty” pasture were 4.7 kg lighter than those on ‘Clean’ pasture (P<0.05).

Table 1 Lamb growth as a function of breed and level of parasite challenge

Breed Pasture type Live weight (kg) at Growth rate g/day
14 weeks 18 weeks 0 to 5 weeks 5to 14 weeks 14 to 18 weeks

Texel Clean 34.6 39.6 322 302 149

Dirty 343 38.6 334 271 129
Suffolk Clean 36.7 41.7 318 332 140

Dirty 34.5 37.1 330 268 91
s.e. 0.49 0.51 5.1 7.3 10.1
Breed x Pasture type interaction  P<0.02 P<0.001 P=0.9 P<0.02 P=04

Conclusions Suffolk lambs grow faster than Texel lambs when parasite infection is minimised. The interaction between
breed and level of parasite challenge shows that the breed differences in lamb growth depend on level of parasite challenge.
The impact of parasite infection on Suffolk lambs increases as the grazing season progresses.
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Introduction Currently potato late blight, caused by the oomycete pathogen Phtyophthora infestans, is the most
devastating disease of potato crops worldwide. With yield losses of up to 100%, fungicides are relied upon to provide
protection. This is both economically and environmentally undesirable. The development of integrated control
programmes utilising host resistance, forecasting and fungicides will provide a more sustainable method of disease control.
Changes in P. infestans populations can quickly render host resistances ineffective and undermine such a strategy. Using
data from the Teagasc Oak Park potato breeding programme screening trials we investigate how the recent changes in the
Irish P. infestans population (Kildea et al., 2009) have affected foliage blight resistance.

Materials and methods Plots (20 tubers) of seven potato varieties with varying levels of foliage blight resistance (Table 1)
were planted as part of the Oak Park potato breeding programmes foliage blight trials in 2006 (old P. infestans population)
and 2009 (‘new’ P. infestans population). In both seasons the trial was planted in late April as a completely randomised
block design with six replicates. The trial site received no fungicide treatments and natural late blight infections were
allowed develop. Disease assessments commenced in mid June (prior to first infection) and continued at seven day
intervals until all plots were completely infected or were naturally senescing. Levels of infection were determined using
the British Mycological Society foliage blight key (Cox and Large, 1969). Using this data the development of the disease
on each variety was calculated as the relative area under the disease progress curve (RAUDPC) (Shtienberg et al. 1990),
from which differences between varieties in the individual years were analysed by ANOVA.

Results In 2006 late blight was first detected on the 27™ of July, while in 2009 it was first detected on the 29™ of June. In
both seasons plots of the susceptible varieties Bintje, British Queen and Eersterling became completely infected within
three weeks from the first detection. Disease development on the more resistant varieties Cara, Robijn and Setanta was
significantly greater in 2009 than in 2006.

Table 1 Effect of season on the development of late blight on seven potato varieties

Variety Resistance Rating" rAUDPC'

2006 2009
Alpha 3 0.43 % 0.54 8
Bintje 2 0.61% 0.62 4
British Queen 2 0.57%* 0.65*
Cara* 5 023" 0.4°
Eersterling 2 0.69 * 0.61%
Robijn 6 0.17 ¢ 0.42 8¢
Setanta* 8 0.09 © 0.574¢

*Bred at Oak Park; *Resistance rating 2006; 'Relative Area under disease progress curve

Conclusions The change in resistance of the variety Setanta between 2006 in 2009 is a worrying development and
suggests the presence of a single resistance gene overcome by the ‘new’ P. infestans population. Although the levels and
speed of disease on both Cara and Robijn increased compared to 2006 it was not as dramatic and is likely due to the high
disease pressure experienced in 2009. Similar changes in disease development has been observed on Lady Balfore and
Sterling (Lees et al. 2008) which suggests re-evaluation of resistances among commercial varieties maybe required.
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Introduction Biomass production of crops is a function of nitrogen (N) content in the plant (Lemaire et al., 2005). The N
content of plants is highest at early growth stages and decreases continually up to the stage of senescence (Mistele &
Schmidhalter, 2008). Nitrogen is applied to crops in two main forms, organic manures (e.g. pig manures) or inorganic
manures (e.g. calcium ammonium nitrate (CAN)). It is difficult for farmers to assess the available N in organic manures
and their perception of its value is poor. Simple hand-held optical analysis methods like the Yara N-Tester® which
measures leaf chlorophyll content could be used to quickly and accurately assess the N% of a crop. The N-tester gives a
dimensionless value which is proportional to the total value of chlorophyll, which can then be correlated to the N content of
the plant. In this trial the N-Tester® method was used to monitor crop nitrogen uptake in trials comparing chemical
fertiliser (CF) and separated liquid pig manure (LPM) as crop N sources for winter wheat.

Materials and methods Field experiments were carried out on a winter wheat crop cv. Einstein in 2009 at two sites
Newcastle and Lyons. The Newcastle site was a clay loam N index 1 soil (continuous cereals), while Lyons was a clay
loam, N index 2 soil (after 3 years ley). The crops were sown in mid-October with mid-September harvest dates. The trials
were laid out in a randomised complete block design with four replicates in a factorial arrangement with two factors — N
source and N application timing (Table 1). Pig manure treatments received 30,000 I/ha (120kgN/ha) of LPM and CF
treatments received 120kgN/ha supplied as calcium ammonium nitrate (CAN 27% N). Post N application N-Tester®
measurements were taken at 10 day intervals until natural senescence occurred consisting of 30 leaf readings per plot
(1.6m*12m). The N-tester uses light transmission at two wavelengths (650nm and 960nm) to quickly assess chlorophyll
content. Optical analysis methods such as the N-Tester® offers advantages over traditional plant sampling techniques as it
is a rapid in-crop method which is non-destructive.

Table 1 Trial treatments and N-Tester® chlorophyll unit readings (average site 1 & 2 ANOVA).

Days (d) post N Source Application Timing
Application CF LPM Untreated L.S.D GS 30-31 GS 35 GS 37-39 L.S.D
+10d 554° 572° 471° 11.56 557° 516° 524° 11.56
+20d 612° 607° 443° 14.25 567° 551° 544° 14.24
+30d 613" 598° 428° 24.42 562° 551° 526° 24.42
+40d 616° 578° 371¢ 22.05 532° 528" 504° 22.05
+50d 575° 520° 313¢ 19.46 512° 507° 389° 19.46
+60d 480° 405° 225° 22.04 499° 372° 239¢ 22.04
+70d 330° 296° 129¢ 19.48 384% 233° 138° 19.48
Yield (t/ha) 9.57 8.76° 5.94° 0.44 8.26" 8.14° 7.88° 0.44
GNU (kgN/ha)  85.00° 78.66° 52.91° 5.84 73.51° 71.82° 71.23% 5.84

"Means with a common superscript are not significantly (P<0.05) different. LSD = Least significant difference

Results Differences between N source treatments were visible within 10 days of application (P<0.0001) with the LPM
treatment having higher chlorophyll unit readings (CU) than the CF treatment. As the LPM was applied in liquid form
compared to granular CF, N was more freely available for uptake in the days immediately after application. However, once
CF became available for plant uptake CU increased. Until 30d post manure application the LPM and CF treatments were
similar with the untreated treatments consistently showing reduced CU (P<0.0001). However, from day 40-70 the CF
treatment appeared greener and had higher CU (P<0.05). The same trend is evident in grain yield and grain N uptake data
with the CF significantly higher than both the LPM and control treatments (P<0.0001). Treatments receiving N at the
earliest application timing (GS 30-31) had consistently higher CU than timings 2 and 3. At 30d post application date 1 and
2 were similar, however timing 3 was lower (P<0.02). Later applied N at GS 37-39 was not used to its full potential as
evident from CU from d50-70 where a dramatic fall in CU indicates N deficiency in the crop and subsequent early
senescence. This 100 unit fall occurred at d60 with timing 2 and not until d70 in timing 1 showing that a higher level of
chlorophyll was present in the crop receiving N at an earlier growth stage.

Conclusion N application at earlier growth stages (GS 30-31) is more effective at increasing leaf chlorophyll content and
therefore has a greater ability to influence crop yield. The N-Tester® data indicates that N applied as LPM is more
available to the crop the 10-20 days after application. However, the data from this study also indicates that the N in LPM 1is
less utilised than CF 40-60 days after the initial application date. The N-Tester® is an effective tool in monitoring crop N
status and as a research tool has the ability to separate subtle colour differences not visually apparent as observed between
LPM and CF treatments in this study.
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Introduction Oilseed rape, although a minority crop in Ireland, offers potential benefits as a break crop for cereal growers
who find it increasingly difficult to find a market for other break crops. While its use in the production of biodiesel or
pure-plant-oil fuel increases the potential market for rapeseed, the crop economics are not favourable, with frequently
volatile gross margins achieved. Low-cost production methods must be sought. In Ireland the winter oilseed rape crop is
traditionally established with plough-based cultivation and sowing systems. Research from other countries indicates that
lower cost minimum tillage (min-till) establishment systems can be successful with oilseed rape (Freer, 2002). The aim of
this research was to determine the impact of crop cultivation system, in particular minimum tillage systems, on crop
establishment, development and yield.

Materials and methods Eight crop establishment systems were evaluated in each of the years 2007, 2008 and 2009 on
different sites. All sites were located close to Oak Park Research centre in the south east of Ireland. The establishment
systems were: Plough, press/roll, power harrow/drill, roll (A); Plough, press/roll, cultivator drill, roll (B); Min-till 75-
100mm 1 run, roll, broadcast sow, roll (C); Min-till 75 — 100mm 1 run, roll, cultivator drill, roll (D); Min-till 75 — 100mm 2
runs, roll, cultivator drill, roll (E); Min-till 75- 100mm 2 runs, roll, broadcast sow, roll (F); Min-till 150 — 200mm 2 runs,
cultivator drill, roll (G); Broadcast sow (30% extra seed), roll (H). The extra seed rate was used in treatment H as it
mimicked commercial practice where poorer establishment rate was expected. The treatments were applied to 30m x 6m
plots laid out in a randomised block design with 5 replications. A second factor (seed rate) was incorporated by splitting
the cultivation plots but these results are not presented. The crops were sown on Aug 29, Sept 7 and Sept 17 in 2007, 2008
and 2009 respectively, with a mean seeding rate of 65 seeds/m’ for all treatments except H. The cultivation treatments
were applied to the cereal stubble of the previous crop on the day prior to sowing and the day of sowing. Crop agronomy
practices such as fertiliser, herbicide and fungicide application were applied uniformly across all cultivation treatment plots
following standard production guidelines. Plant establishment was determined approximately five weeks post sowing.
Approximately 6 weeks prior to harvest, the oilseed rape canopy structure was assessed by taking 10 full plant samples
from each plot and quantifying branching and pod distribution. The plots were harvested following desiccation using a
direct-cut plot combine. All data was analysed by ANOVA for split-plot design (Genstat).

Results In each of the trial years, all of the cultivation treatments allowed the crop to be established, grown and harvested
successfully. There were considerable year to year differences caused by site differences and particularly weather and its
effect on sowing date (Table 1). Late sowing in 2009 resulted in slower establishment, bird damage, and weed control
difficulties impacting on yield. There was a significant difference (P<0.05) in the numbers of plants established each year.
Plant structure varied considerably with cultivation system having a significant effect. Generally lower crop establishment
resulted in greater levels of stem branching and greater numbers of pods per plant. In 2007 and 2008 this resulted in
similar yields being achieved with all crop establishment systems except H in 2007. In 2009, A, B and H cultivation
treatments gave lower yields.

Table 1 Cultivation system effect on plant structure and yields of winter oilseed rape over three seasons.

2007 2008 2009

Plants Branches Pods Yield Plants  Branches Pods Yield Plants  Branches Pods Yield

(n/m2)  (n/plant)  (n/plant) (t/ha) (n/m2) (n/plant)  (n/plant) (t/ha) (n/m2) (n/plant)  (n/plant) (t/ha)
A 103.6 11.1 209 5.30 79.3 69.9 374 4.65 70.4 12.0 210 3.54
B 53.4 33.4 336 5.25 56.2 69.9 355 4.56 54.2 28.4 283 3.28
C 88.8 234 260 5.52 54.9 97.8 439 4.84 60.8 393 314 4.46
D 80.2 27.8 272 5.30 55.9 69.2 344 4.65 60.3 35.5 305 4.36
E 79.0 22.0 257 5.55 58.7 101.6 358 4.76 61.1 39.0 351 4.23
F 75.4 43.5 304 542 56.3 69.4 358 5.00 68.0 42.5 333 4.63
G 69.3 36.0 309 5.48 57.4 116.6 446 4.66 65.4 33.0 273 4.17
H 76.3 40.8 313 5.05 26.1 115.8 533 4.57 51.8 75.0 428 2.97
sed 9.0 9.9 34 0.11 4.3 23.7 76 0.15 2.8 7.6 42 0.27
P <0.001  0.05 0.02 0.004 <0.001 0.166 0.206 0.116 <0.001 <0.001 0.002 <0.001

Conclusions Minimum tillage crop establishment systems can effectively establish winter oilseed rape, with most of the
cultivation systems evaluated producing consistent yields that compare favourably with plough-based establishment
systems. While the cultivation system used impacted on plant structure in some seasons, this generally did not impact on
seed yield. The simple broadcast sowing method used without cultivation did not perform consistently however.
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Introduction Spring barley is the most widely grown cereal crop in Ireland. In recent years cereal farmers have relied
almost totally on chemical fertilisers as their main crop nitrogen (N) source. However, with low grain prices and high
chemical fertiliser prices the use of a cheaper fertiliser alternative in the form of pig manure must be examined. Recent
research studies have shown that organic manures including pig manure can make a significant contribution to the N
nutrition of cereal crops (Jackson and Smith, 1997), while Petersen (1996) indicated that satisfactory yields could be
achieved from spring barley grown with pig manure alone. Due to the location of many pig farms and the logistics of
moving pig manure from pig to tillage farms, manure separation is a potentially viable means of decreasing manure volume
for transportation. Techniques for pig manure separation into solid and liquid components have been developed and this
process provides a solid pig manure (SPM) product with a high dry matter content containing significant quantities of both
nitrogen (N) and phosphorus (P). In this current study SPM was evaluated as a N source for spring barley.

Materials and methods This trial was carried out at Lyons Research Farm on a clay loam soil (N index 2) in the 2008 and
2009 growing seasons on spring barley cv. Wicket (2008) and cv. Magaly (2009). Trials were sown in early May both
years with mid-September harvest dates. Each trial was a randomised split plot design in a factorial arrangement with 3
replicates. Four rates of the SPM (Factor 1) were combined with three rates of chemical fertiliser (Factor 2) (Table 1) and
examined for their effect on crop nitrogen uptake (CNU), grain yield and quality. The SPM applied consisted of 26.5%
DM, 0.6% P and 0.8% N. The SPM was applied to the stubble of the previous crop prior to sowing and ploughed to a depth
of 16-18cm. The trial area was cultivated and ploughed in one operation. The chemical N (CN) rates were then applied
immediately after sowing with a tractor mounted SISIS fertiliser spreader. The site had a high P status (index 4) so no
supplemental P was applied to trials while trace elements were foliar applied. Main plot size (SPM) measured 10m*15m,
with sub-plot size measuring 1.6m*15m. Crop nitrogen uptake was measured at crop growth stage (G.S) 37-39. Two 1m
lengths of the crop were cut to ground level in each plot, weighed, dried, ground and analysed by use of a combustion
analysis device to measure N content by use of the Dumas method. Harvest index samples were taken pre-harvest to
calculate straw nitrogen content and grains/m’. A visual crop lodging score was also noted. During harvest a sub-sample of
grain from each plot was collect for grain quality analysis such as hectolitre weight (HL), thousand grain weight (TGW)
and grain protein percentage (GP). Statistical analysis was carried out by analysis of variance using the SAS statistical

package.
Table 1 SPM Treatments and Results (2008 & 2009)
SPM (t/ha) (kgN/ha) Chemical N (kgN/ha)

2008 0 (0) 4 (32) 8(64) 16(128) LSD 0 60 120 L.S.D
Grain Yield (t/ha) 4.51° 4.94° 5.06" 486  0.28 4.88° 491° 473" 025
CNU (kg N/ha) 98.29  108.8"  116.56* 112.03* 11.35 100.2° 106.72°  119.83*  9.83
Lodging (%) 25.89° 30.89°  46.67°  52.11°  13.00  27.25°  40.83" 4858 11.26

2009
Grain Yield (t/ha) 8.61° 8.81° 8.71° 879  0.46 7.83° 9.13" 9.19° 0.42
CNU (kg N/ha) 168.91°  172.18°  167.22° 18536° 11.01  143.42° 190.70* 186.13* 9.54
Lodging (%) 6.46" 11.57° 1422"  22.78"  9.54 2.6° 1375 2492 826

"Means with a common superscript are not significantly (P<0.05) different. LSD = Least significant difference

Results The 2008 and 2009 growing seasons had a high rainfall period during the summer months (June and July). In the
absence of a SPM by CN interaction, the results of main effects are presented. In both years increasing levels of SPM
(P<0.0008) and CN (P<0.002) significantly increased lodging. The wet weather led to early crop lodging in June 2008 and
July 2009 and reduced grain yield and CNU. CNU levels were sub-optimal in 2008 with no treatment exceeding
120kgN/ha. CNU levels increased in both years with higher SPM rates (P<0.02). The zero SPM treatment had lower yields
(P<0.0039) in 2008 than treatments receiving SPM, however there is no yield benefit from high vs. low SPM rates. SPM
treatments gave no significant yield response in 2009.

Conclusion

Due to adverse climatic conditions during the summer months crop utilisation of both organic N and inorganic N was
below expected levels in 2008.The higher rate SPM treatments significantly increased CNU in both years indicating useful
N utilisation but the average NUE was still relatively low being <20% in both years. The high incidence of crop lodging in
response to SPM use in both years is a serious negative factor which may adversely affect the interest of cereal farmers in
using this slurry-based product in spring barley production in the future.
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Introduction Late blight, caused by Phytophthora infestans, may result in total loss of organic potato crops in Northern
Ireland. Trials in Belfast (Cooke and Little, 2004) showed that cultivars with partial blight resistance could withstand high
infection pressure. In this study, performance was evaluated against the current P. infestans population, containing Al and
A2 mating types (Cooke et al., 2009).

Materials and methods The trials were planted (6 May 2008, 5 June 2009) at the Agri-Food & Biosciences Institute,
Belfast in a split-plot design with fungicide regimes as main plots, four cultivars as sub-plots and four replicate blocks. The
cultivars/clones (rated on a 1-9 scale for foliage and tuber blight resistance, respectively, where 9 is maximum resistance),
were, in both years, Santé (7, 6) and Sarpo Mira (7, 9), with, in 2008 Galactica (7, 7) and Setanta (8, 9), and in 2009 Sunset
(7, 5) and AFBI Loughgall clone L5937/2 (7, 7). Ratings were from the British Potato Variety Database except for
L5937/2 (breeder’s estimates). Each sub-plot comprised two drills x 10 tubers of each cultivar (3 x 1.5 m). Main plots
were separated by unsprayed drills of cv. Désirée. In 2008 these were inoculated (early July) with N. Ireland P. infestans
isolates (A1 and A2 types) to provide an infection source. In 2009, because natural infection was observed in early July,
the trial was not inoculated. The treatment regimes included no fungicide and a programme based on the non-systemic
fluazinam (150 g a.i./ha as ‘Shirlan’, Syngenta, 300 ml/ha) applied at extended intervals. In 2008 four fluazinam
applications were made (2, 28 July, 8, 27 August) and in 2009 two (22 July, 12 August). Foliage blight was assessed twice
weekly on all drills after blight was seen until haulm destruction (29 August 2008; 4 September 2009). The trials were
lifted on 4 November 2008 and 1 October 2009. The yield from each plot was graded and the number and weight of
blighted tubers recorded. The remaining healthy tubers were stored until January when they were re-assessed for tuber
blight. Data were subjected to analyses of variance.

Results In both years, foliage infection built up rapidly favoured by wet weather. In 2008, the unsprayed Santé and
Galactica were almost dead by 8 August (Table 1), Setanta survived a week longer, but Mira had only 23% infection on 29
August. Fluazinam application delayed blight development as indicated by the smaller Area Under the Disease Progress
Curve (AUDPC, Table 1); after mid-August build up was slower in Setanta than in Santé and Galactica, while Mira had
few blight lesions by 29 August. The presence of other rots (notably pink rot, P. erythroseptica) favoured by very wet soil
complicated tuber blight and yield assessments; Mira had the greatest yield of healthy tubers for both untreated and
fluazinam-treated plots, but differences were not significant. In 2009, Mira again developed significantly less foliage blight
than any other cultivar in both untreated and fluazinam-treated plots, while foliar infection was slower to build up in Sunset
and L5937/2 than in Santé. Yield and tuber blight data for 2009 are not yet available.

Table 1 Foliage blight, tuber blight and yield of potato cultivars, 2008 and 2009 trials

Year/ Foliage blight (%)* AUDPC® Tuber blight and rots (%) Yield (kg/plot)
cultivar U F U F U F U F
2008 Santé 95.0 7.8 2417 1400 1.73 2.30 16.74 20.23
Galactica 95.0 11.5 2456 1485 8.33 5.92 14.82 18.42
Setanta 375 7.8 1977 1042 1.98 2.31 15.21 20.69
Mira 1.1 0.0 281 13 6.18 5.80 18.86 23.09
L.S.D. (P<0.05) 5.99 211.8 11.73 6.551
2009 Santé 95.0 27.5 3345 2064 - -
Sunset 71.2 20.1 2656 1203 - -
L5937/2 85.0 21.0 3019 1254 - -
Mira 39 0.0 247 86 - -
L.S.D. (P<0.05) 26.01 816.6

* at early August assessments: 8 August 2008, 6 August 2009; ° Area Under Disease Progress Curve; U untreated,
fluazinam-treated

Conclusions Despite the presence of P. infestans genotypes including the aggressive ‘blue 13° A2 (data not presented), in
2008 and 2009 Mira proved very resistant to foliage blight. Cvs. Santé and Galactica proved too susceptible to be grown
without fungicide, but inputs may be reduced with cv. Setanta. Sunset and L5937/2 also appear promising, but results of
the yield and tuber blight assessments are needed before it can be ascertained if they should be evaluated further.
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Introduction Miscanthus (Miscanthus x gigantaeus), a C4 perennial grass from the Far East, is being increasingly widely
grown in the British Isles as a biomass crop with an annual harvest. Following establishment by planting rhizome sections
into cultivated ground it can take four to five years for the crop to reach its maximum level of productivity. An experiment
is in progress in Northern Ireland into the use of degradable plastic mulch to accelerate the development of the crop, and its
interaction with rhizome size and density at planting. The first three years of the study are described in this paper.

Materials and methods Rhizomes from miscanthus planted in 2003 were harvested in April 2007 and stored at 3°C. The
rhizome pieces were sorted into three size fractions which averaged weights of 26g, 74g and 204g. Experimental sites at
Hillsborough and Loughgall were prepared by conventional cultivation and rhizomes planted by hand in early May in
shallow furrows in plots 10m x 7.5m at densities equivalent to 450 kg, 1350 kg and 4050 kg per hectare for each size
fraction. The rhizomes were covered with soil to a depth of about 7.5cm and the herbicide pendimethalin applied at 2.5
litres/ha. The four randomised blocks at each site comprised main plots with and without bio-degradable plastic mulch,
applied shortly after planting with a single row mulch layer supplied by SAMCO Agricultural Manufacturing Ltd, and nine
size x density sub-plots. Regular counts were taken of the number of shoots, and of shoot height, over the 2007, 2008 and
2009 seasons. DM yield above ground was assessed by sampling in the late autumn and again in the spring before the plots
were harvested. Data was statistically analysed as a split-split-plot randomised block design.

Results and discussion The increase in the number of shoots as the rhizome size was reduced from 204 g to 26 g reported
by Easson er al (2008) for the first year of this study was maintained into the 2™ and 3™ years (Table 1), along with an
overall doubling of the number of shoots in the 3" season compared with the first season. The increased number of shoots
resulted in significantly higher DM yields with decreasing rhizome size at planting at all harvest dates.

Table 1 Main treatment effects of rhizome size, planting density and plastic mulch treatment at planting on the growth and
yield of miscanthus in the first three seasons (mean of two sites)

Shoot numbers per hectare (‘000s) Crop height (cm) DM yield (t/ha)
Oct ‘07 Oct ‘08 Oct ‘09 Oct ‘08  Oct ‘09 Mar ‘08 Nov ‘08 Mar ‘09

Rhizome  26g 140 222 309 187 234 0.81 9.28 6.07
size 74g 99 166 234 184 228 0.65 7.79 5.27

204¢g 69 99 130 182 221 0.44 5.03 2.95
Ls.d. (P=0.05,94 df) 12.6 14.8 22.5 33 9.7 0.126 1.636 1.215
Density 450 39 63 90 160 201 0.19 3.59 2.09
kg/ha 1350 80 151 215 179 227 0.43 6.51 3.94

4050 189 273 368 214 256 1.27 12.00 8.25
Ls.d. (P=0.05,94df) 12.6 14.8 22.5 33 9.7 0.126 1.636 1.215
Mulch without 67 134 196 180 227 0.47 5.98 3.97

with 131 191 253 189 229 0.79 8.75 5.55
L.s.d. (P=0.05, 6 df) 12.9 23.2 35.0 5.7 25.6 0.108 1.571 1.422
Mean 103 162 224 185 228 0.63 7.37 4.76

The number of shoots also increased significantly at higher planting densities so that the number of shoots and the DM
yield almost doubled with each threefold increase in planting rate, the ratio remaining similar into the 3™ season. Crop
height increased significantly with increased density. The use of mulch increased the number of shoots in the first season
by 96%, and this effect carried on into the 2™ and 3™ seasons in which shoot numbers were higher by 48% and 38%
respectively. Crop height was significantly increased in the 2" season, but not the 3". Crop yield increased by 70%, 46%
and 40% at the March and November 2008 and March 2009 sampling dates respectively. Interaction effects between the
use of mulch, rhizome size and planting density were relatively small. The highest yields were therefore from the 24g
rhizome size planted at high density with the use of plastic mulch with yields of 17.8 tDM/ha and 10.7 tDM/ha in
November 2008 and March 2009 respectively. The results from these harvest dates reveal over-winter losses from leaf fall
and the loss of upper internodes of 30% to 40%. Under Northern Ireland conditions little drying of the crop took place over
winter and at the March harvest date in both 2008 and 2009 the stem was about 50% DM.

Conclusions The use of degradable plastic mulch at planting accelerated the early development of miscanthus, with the
benefits continuing into subsequent years. Within the ranges of weights used in this experiment dividing rhizomes into
smaller sections for planting achieved higher shoot numbers and yields over the first two seasons.
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Introduction The requirement for gas chromatography (GC) to quantify milk FA concentration is expensive to be
undertaken on large number of samples. The recent development of equations based on mid-infrared spectrometry (MIR)
for the prediction of milk FA content (Soyeurt et al., 2006) offers a solution. The first objective was to improve the
predictions of FA by using different approaches. The second objective was to validate these new equations using an
independent sample set.

Materials and methods The calibration set contained 239 Belgian milk samples collected between March 2005 and
December 2007 from several cows and breeds. These samples were selected based on their spectral variability. The MIR
spectrum from each sample was obtained (Foss MilkoScan FT6000) and the FA content of each sample was quantified by
GC. The equations were built by Foss WINISI software using partial least squares (PLS) and/or first derivation and/or
repeatability file. Using a derivative applied to the spectra permits to normalize the spectral data. The repeatability file
contained spectra generated from the same samples but from five different spectrometers. A cross-validation using 20
groups from the calibration set was used to estimate the accuracy of the FA predictions. The methods used were 1) just
PLS, 2) PLS and first derivative, 3) PLS and repeatability and 4) PLS, first derivative and repeatability (*). These methods
were compared using the ratio of the standard deviation of GC results (SD) to the standard error of cross-validation (RPD).
An external validation was done using 362 GC independent milk samples collected between April 2008 and August 2009
from several breeds and cows in Belgium, Ireland, and Scotland to confirm the results obtained by cross-validation. The
validation coefficient of determination (R?v) was calculated.

Results If RPD is superior to 3, the predictions given by the equation can be considered as good. Table 1 presents results
for equations showing RPD superior or equal to 3 and summarises the descriptive statistics of the GC results. As expected,
the equations with the higher values of RPD were globally from groups of FA, rather than the individual FA. The different
approaches used to develop the equations showed generally different RPD values. All equations were not better using a
calibration equation built from first derivative and repeatability file even if the results were generally better with this
approach. These results suggest adapting the methodology used to develop the equation in function of the studied FA. R?v
shown in Table 1 confirms it. The highest R>v were observed for the same equations, which showed the highest RPD
values except for C18:0.

Table 1 Descriptive statistics of the calibration set, RPD values, and R?v obtained from the developed equations using the 4

methods.
N=239 RPD (N=239) R2v (N=362)
Constituent Mean  SD 10 20 30 40 1O 20 30 4
C6:0 0.08 0.02 395 402 3.89 395 0.88 0.90  0.87 0.90
C8:0 0.05 0.02 321 327 321 333 084 088 086 08l
C10:0 0.12 0.04 3.03 299  3.07  3.07 0.82 087 080 0.73
C14:0 0.48 0.14 351 362  3.66  3.70 090 090 090  0.90
Cl16:0 1.29 0.42 307 312 317  3.16 0.91 090 090  0.90
C18:0 0.49 0.23 289 293 290 3.0l 0.73 062 074 072
Total C18:1 trans 0.15 0.09 316  3.09 3.05  3.09 046 046 0.52 0.49
C18:1 cis-9 0.89 0.36 461 468 435 460 0.86 092  0.93 0.91
Total C18:1 cis 0.96 0.37 462 471 450 473 0.85 0.93 0.94 093
Saturated 2.98 0.85 934  10.01 9.55 995 0.98 0.98 0.98 0.98
Monounsaturated 1.26 0.43 547 585 541 5.88 0.93 0.95 0.95 0.95
Unsaturated 1.46 0.48 582 624 577 626 0.93 0.95 096  0.96
Short chain (C4-C10) 0.39 0.11 385 396 390 397 0.89 091 0.91 0.93
Medium chain (C12-C16)  2.19 0.64 410 419 414 427 092 094 092 0.94
Long chain (C17-C22) 1.86 0.69 456 486 464 493 094 092 095 0.95

Conclusions MIR is a good technology to predict the contents of major FA in milk especially saturated fatty acids. Results
presented here are superior to those presented by Soyeurt ef al. (2006). The 3™ and 4™ proposed methodologies give
globally the best results.
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Introduction The presence of Chrysanthemum coronarium plants at 34% of pasture dry matter (DM) consumed by sheep
increased milk fat cis-9, trans-11 conjugated linoleic acid (CLA) concentration (Cabiddu ef al., 2006). This was associated
with an increase in milk fat trams-11 18:1 concentration, suggesting effects on rumen biohydrogenation. The
Chrysanthemum coronarium plant is rich in 18:2 n-6 and 18:3 n-3 compared with other Chrysantheumum species (Cabiddu
et al., 20006), but other factors may be involved (e.g. coronaric acid; Earle, 1970). The objective of the present study was to
determine the effect of feeding dehydrated Chrysanthemum coronarium flowers on milk fatty acid composition in dairy
cows fed a typical commercial ration based on conserved forages.

Materials and methods Six multiparous lactating Holstein-Friesian cows averaging 39.5 litres milk/d at the start of the study
were used in a simple cross-over design experiment with 2 treatments and 21 day periods that were separated by a 14 day
‘washout’ period. Treatments were a control diet (Con) and the same diet with dried, ground Chrysanthemum coronarium
flowers added at 5% of ration DM (Chr), diluting other ingredients. The Con diet was a total-mixed ration containing on a DM
basis: 24.5% grass silage, 18.5% maize silage, 4% grass hay, and 53% concentrate blend with minerals. Measurements of DM
intake and milk yield and composition were obtained in the last week of each period. Data were statistically analyzed using
Mixed Models procedures and a model testing fixed effects of diet and period and random effects of cow.

Results Fatty acid analysis indicated little difference between the diets fed, with the Con and Chr diets containing 8.4 and
8.0 g’kg DM 18:2 n-6 and 2.9 and 2.7 g/kg DM 18:3 n-3, respectively. Feed DM intakes increased (P<0.04) when Chr was
fed (Table 1), in part due to a higher concentration of crude protein and lower concentration of neutral detergent fibre in the
Chr diet. There was no effect on milk yield, milk fat concentration, or milk component yield, but milk protein
concentration was higher when Chr was fed (29.8 vs 30.9 g/kg; P<0.05). Feeding Chr had little effect on milk saturated
fatty acid (SFA) concentration (Table 1) apart from increases (P<0.05) in 4:0 and 6:0 and a tendency for a decrease
(P<0.10) in 18:0. The concentration of milk fat frans-monounsaturated fatty acids (MUFA) increased (P<0.05) after
feeding Chr (Table 1), mainly due to tendencies for increases (P<0.09) in concentrations of specific #rans-18:1 isomers (6-
8,10, 12, 13-14 and 16 18:1, data not shown), but there was no difference in trans-11 18:1 concentration. Likewise there
was no difference (P>0.05) between treatments in total and cis-9, frans-11 CLA concentration (Table 1). However,
increases (P<0.01) in milk fat concentration of other CLA isomers were observed (e.g. 17.7 vs 27.6 mg trans-11, trans-13
CLA/100 g fatty acids and 7.4 vs 12.4 mg trans-12, trans-14 CLA/100 g fatty acids) when Chr was fed.

Table 1 Effects of feeding diets containing 5 % Chrysanthemum coronarium flowers on feed intake, milk yield, and milk
fatty acid composition (g/100 g fatty acids) in lactating dairy cows.

Con Chr s.e. P<
DM intake, kg/d 20.3 21.3 0.75 0.036
Milk yield, kg/d 333 33.9 0.99 0.630
X SFA 71.6 71.8 0.57 0.489
X trans MUFA 3.69 3.97 0.162 0.042
X trans 18:1 3.13 341 0.146 0.048
trans-11 C18:1 0.69 0.67 0.050 0.240
X CLA 0.52 0.55 0.030 0.127
cis-9, trans-11 CLA 0.37 0.38 0.027 0.602

Conclusions The results of the present study demonstrate that feeding dried Chrysanthemum corornarium flowers at 5% of
ration DM (> 1 kg/d) had some effects on frans-monoene fatty acid concentrations in milk fat suggesting that rumen
biohydrogenation had been modified, but in contrast to previous studies in grazing sheep, consumption of Chrysanthemum
coronarium had no effect on milk fat cis-9, trans-11 CLA or trans-11 18:1 content. This may reflect the lower inclusion
level in the present study, differences in the composition of the Chrysanthemum consumed, variations in the rumen
environment and dynamics between cattle and sheep, or differences in the basal diets. Palatability was not a problem and in
fact intake was increased by 1 kg of DM daily when dried Chrysanthemum flowers were added to the ration fed to these
lactating dairy cows, and milk protein concentration was increased.
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Introduction Milking cows twice a day is a time-constraining task for dairy farmers (Clark et al., 2006). Omitting one
milking weekly, particularly a week-end afternoon milking may offer an opportunity to reduce labour costs if the farm
employs hired labour, or alternatively to improve lifestyle in a family operated farm situation. The objective of the current
study was to determine the effect of thirteen times per week milking (13TWM) at different stages of lactation compared to
normal twice per day (TAD) milking every day, in terms of milk yield, composition and quality.

Materials and methods Thirty-six spring-calving, pluriparous Holstein-Friesian cows were assigned to one of three
treatments after calving (12 cows per treatment); normal TAD milking (TAD); 13TWM commencing at approximately 50
days in milk (DIM) (13TWM 50); 13TWM commencing at approximately 180 DIM (13TWM 180), balanced for calving
date, cow breed, somatic cell count (SCC), lactation number and milk yield in previous lactation. In the 13TWM treatments
one milking each week was eliminated from the milking routine; cows were not milked on Wednesday afternoons. Mean
calving date for all cows was 20™ February. The trial extended to the end of lactation when cows were dried off at 7 kg
milk/cow per day. Cows were allocated grass daily within a rotational grazing system and grazed to an average post-
grazing sward surface height of 50 mm. Cows received 384 kg concentrate during the course of the lactation. When
concentrate meals were being fed, the weekly meal fed was the same for all cow groups. Individual cow milk yield was
recorded daily. The milk fat, protein and lactose concentrations were determined weekly. Cow live weight and body
condition score (BCS) were recorded weekly and fortnightly, respectively. Bulk milk SCC was measured weekly. All data
were analysed according to a factorial design using the PROC Mixed procedure in SAS.

Results Cumulative milk yield, yields of milk solids (MS) and fat, protein and lactose concentrations were not different for
the three treatments (Table 1). Cow live weight and BCS were also similar for the three treatments. Average milk SCC of
the treatment groups TAD, 13TWM 50 and 13TWM 180 were 163x10°, 164x10° and 147x10° cells/ml, respectively. Only
minor changes in SCC were observed on the day after the omitted milking. The relatively low SCC levels may be
influenced by the fact that only cows with SCC <200x10” cells/ml in the previous lactation and during the pre-trial period
were used.

Table 1 Effect of omitting one milking weekly (13TWM) commencing at 50 and 180 days in milk compared to normal
twice a day (TAD) milking on milk production characteristics

TAD 13TWM 50 13TWM 180 SE Significance
Cummulative milk yield (kg/cow) 6128 6498 6352 274.6 NS
Cummulative milk solids yield (kg/cow) 477 502 481 20.6 NS
Mean milk fat (g/100g) 4.16 4.11 4.00 0.115 NS
Mean milk protein (g/100g) 3.61 3.64 3.60 0.040 NS
Live weight at end of trial (kg) 655 655 642 16.8 NS

Conclusion In conclusion, the data indicates that omitting milking on one consistent occasion per week does not adversely
affect overall milk yield, composition or quality.
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Introduction: Rumen-protected choline (RPC) products have been fed to periparturient dairy cows to increase the supply
of choline to the small intestine with the goal of increasing milk or component yields or alleviating the development of fatty
liver syndrome (Hartwell ef al., 2000; Piepenbrink and Overton, 2003; Pinotti ef al., 2003; Overton and Waldron, 2004).
Increasing the postruminal supply of choline by an infusion of choline into the abomasum has increased milk production
and milk fat yield (Erdman and Sharma 1991).

Materials and methods Twelve lactating Friesian cows were used in a complete switch—back design (Lucas, 1956). The
cows were fed the basal ration consisted on DM basis from 40% concentrate feed mixture + 40% fresh berseem + 20% rice
straw without supplement (G;) or supplemented with 15 and 30 g choline chloride/ head / day for G, and Gj, respectively.

Results Results in Table (1) showed that the digestibility coefficients of all nutrients and nutritive values increased
significantly (P<0.05) with rumen protected choline supplementation. Rumen protected choline supplementation increased
significantly (P<0.05) the intake of TDN and DCP. The pH values and NH;-N concentration deceased significantly
(P<0.05) and TVFA's concentration increased significantly (P<0.05) in rumen liquor with rumen protected choline
supplementation. Rumen protected choline supplementation led to significant decrease (P<0.05) in the concentration of
plasma cholesterol and significant increase (P<0.05) in triglycerides. However, the concentrations of glucose, total protein,
albumin, globulin and urea-N and the activity of AST and ALT were nearly similar for the different groups. Rumen
protected choline supplementation led to significant increase (P<0.05) in actual milk and 4% FCM yield. The contents of
fat and total solids (TS) and the yield of all milk constituents except ash increased significantly (P<0.05) with rumen
protected choline supplementation. Results in Table (2) revealed that rumen protected choline supplementation improved
feed conversion, which led to significant decrease (P<0.05) in the quantities of DM, TDN and DCP per kg 4% FCM.
Average daily feed cost were nearly similar for the different groups. While, the feed cost per one kg 4% FCM decreased
significantly (P<0.05), the average income of milk yield increased significantly (P<0.05) with rumen protected choline
supplementation.

Table 1 Effect of rumen protected choline supplementation on nutritive values, feed intake, rumen parameters, milk yield
and composition.

Nutritive values %  Intake kg/day Rumen parameters  Milk yield kg/day Milk composition %

TDN DCP DM TDN DCP pH NH;-N TVFA'sActual FCM  Fat Protein Lactose TS
control  60.87° 8.57° 16.08 9.79° 1.38" 6.95* 14.81° 18.95° 15.22° 14.22° 3.56° 3.12 439 11.78°
15 g RPC 63.98° 8.96°  16.17 10.35*1.45* 6.72° 17.14" 16.63° 16.54* 15.77° 3.69° 3.15 439 11.94°
30 gRPC 64.62°  9.05* 1620 10.47° 147" 6.67° 17.43* 16.25" 17.46" 16.82° 3.75*° 3.16 443  12.05°
a, b: Values and means in the same row with different superscripts differ significantly at 5% level.

Item

Table 2 Effect of rumen protected choline supplementation on feed conversion and economic efficiency.

Ttem Feed conversion kg / kg FCM Economic efficiency LE

DM TDN DCP Cost Cost/ kg FCM  Income Income %
control 1.14° 0.69° 0.098° 19.18 1.36° 28.44° 100.00°
15 g RPC 1.03° 0.66® 0.093% 19.37 1.24° 31.55° 110.94°
30 g RPC 0.97° 0.62° 0.088" 19.50 1.17° 33.64° 118.28*

a, b: Values and means in the same row with different superscripts differ significantly at 5% level.

Conclusions It could be concluded that rumen protected choline supplementation to lactating Friesian cows improved
nutrients digestibility, milk yield and composition, feed conversion and economic efficiency.

References

Erdman, R.A. and B.K. Sharma 1991. Effect of dietary rumen protected choline in lactating dairy cows. Journal of Dairy
Science, 74, 1641.

Hartwell, J.R.; M.J. Cecava and S.S. Donkin 2000. Impact of rumen undegradable protein and rumen-protected choline on
intake, peripartum liver triglyceride, plasma metabolites and milk production in transition dairy cows. Journal of Dairy
Science, 83, 2907.

Overton T.R. and M.R. Waldron 2004. Nutritional management of transition dairy cows: strategies to optimize metabolic
health, Journal of Dairy Science, 87, 105.

Piepenbrink, M.S. and T.R. Overton 2003. Liver metabolism and production of cows fed increasing amounts of rumen-
protected choline during the periparturient period. Journal of Dairy Science, 86, 1722.

Pinotti, L.; A. Baldi; I. Politis; R. Rebucci; L. Sangalli and V. Dell’Orto 2003. Rumen-protected choline administration to
transition cows: Effect on milk production and vitamin E status. Journal of Veterinary Medicine A., 50, 18.

https://doi.org/10.1017/52040470010001597 Published online by Cambridge University Press


https://doi.org/10.1017/S2040470010001597

017

Effect of calving difficulty on the saleable milk yield of UK Holstein Friesian dairy cattle at

different stages of lactation

A C Barrier, M P Coffey, M J Haskell

Scottish Agricultural College, Edinburgh, United Kingdom
Email: alice.barrier@sac.ac.uk

Introduction Calving difficulty, or dystocia, results in assistance being provided at delivery, thus increasing farm labour.
In the dairy cow, dystocia is associated with stillbirth, but also leads to impaired fertility, reduced milk production and
increased risks for peripartum diseases and culling (Mee, 2008). Thus, calving difficulty raises animal welfare and
economic issues. Considering milk yield, it is not clear how long the adverse effect on production lasts. Studies usually
consider the milk produced by animals with full lactations but the saleable milk production of the whole herd, regardless of
each cow having achieved a full lactation, might be more representative of the real losses that producers incur. The
objective of this study was to investigate how various degrees of calving difficulty would alter the production of saleable
milk in UK dairy cattle over different stages of their subsequent lactation.

Materials and methods The calving difficulty scores and the subsequent milk production of Holstein Friesian cattle
having calved on the SAC experimental herd (Edinburgh, UK) between 1990 and 2000 inclusive were extracted from the
farm database. The calving difficulty was scored as follows: no assistance (N), Farm assistance without and with
malpresentation (FN/FM), Veterinarian assistance without/with malpresentation (VN/VM) and caesarean section (VC).
Cows were conventionally milked twice a day and their individual daily milk yields were recorded automatically at milking
conditional on the milk being sent to the tank for sale. Cumulative saleable milk yield (I) was calculated at 30, 60, 90 and
300 days in milk (DIM) unconditional on the animal having achieved the lactation stage of interest. Lactation cumulative
yields were obtained on the basis of the real lactation length achieved by the animal. Animals were from two genetic
groups (S: animals selected toward greater milk solids production; C: animals selected to be UK average) and split over 3
diet types (H: high forage diet; L: low forage diet; NT: standard high concentrate diet type). Linear mixed models were
used following a REML procedure in Genstat to analyse the various cumulative milk yields. In the fixed effects, parity of
the cow (primiparous vs multiparous), genetic group*diet, calving season (Summer: April to September; Winter: October
to March) and calving ease were fitted as factors and calving year as a covariate. The random model included the cow
identity nested within its sire.

Results Cows experiencing FN and VN scores had decreased cumulative saleable milk production throughout their
lactation compared to non assisted animals (P<0.05; Table 1). Losses occurred as early as 30 DIM (FN: -5.2%; VN: -8.8%)
and persisted until the end of the lactation (FN: -8.1%; VN: -12.5%). No losses were found for FM, VM and VC dams. As
shown by previous research, parity, genetic group, diet, season and calving year affected the saleable yields. Those effects
were found at all stages of the lactation except at 30 DIM for calving season and at both 300 DIM and over the lactation for
genetic group*diet.

Table 1 Estimated means of the cumulative marketable milk yields (1) over subsequent lactation of dairy cattle following
different degrees of calving difficulty. Number of lactations available for analysis for each calving ease score is given in

brackets.

Calving difficulty
Cumulative N FN FM VN VM VC
Yield (1) (n=1855)  (n=227) (n=74) (n=38) (n=30) (n=15) € P value
30 DIM 647 * 613° 635 *° 590 ° 606 ** 572 b 22.5 ok
60 DIM 1502° 1430° 1479 *° 1384 1425 1377 50.3 *
90 DIM 2320° 2218° 2304 *° 2110° 2222 2165 *° 78.5 *
300 DIM 6375° 5859 b¢ 6377 ¢ 5520° 6003 ** 5722 264.0 okok
lactation 6857 ° 6305 ¢ 6931 *¢ 5999 ° 6578 *° 6221 320.0 ok
Within a row, means without a common letter differ. s.e : pooled standard error of the mean. * : P<0.05; **: P<(0.01; *** :
P<0.001.

Conclusion Decreased cumulative saleable milk production was found for cows needing farm staff or veterinarian
assistance but only if the calf was not malpresented (FN and VN scores). Not only did these losses occur in the early stages
of the lactation but they persisted over time and appeared to be higher by the end of the lactation. Therefore, our results
support the idea that calving assistance triggers long-term saleable milk production losses for the dairy producer. The lack
of effect seen for VM and VC scores is probably due to the low number of animals available whereas failure to find an
effect for FM might be due to the farm staff assisting more quickly when malpresentation becomes obvious. Lower saleable
milk production may be the result of decreased milk yields by the cow herself as well as higher milk wastage due to a
subsequent poorer health. Further analyses into the health of the cow during the relevant lactation would be needed to
investigate that hypothesis.
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Introduction /n-vitro studies have identified that the inclusion of dried Stinging Nettle (Urtica dioica) at 100mg/g increased
rumen pH of a fermentation medium by 30% (Kliem et al., 2005a) and that the effect was persistent for a period of 7 days
(Kleim et al., 2005b). These observations indicate that Stinging Nettle has the potential to be used to promote rumen health in
animals consuming high levels of readily fermentable carbohydrate by stabilising the rumen environment with respect to rumen
pH. Therefore our objective was to evaluate the effects of adding stinging nettle haylage to a high-starch total mixed ration on
feed intake, eating and rumination activity, rumen pH, milk yield, and milk composition of lactating dairy cows.

Materials and methods Six rumen fistulated lactating Holstein-Friesian cows averaging 20 litres milk/day were used in a
replicated 3 x 3 Latin Square design experiment with 3 treatments and 3 week periods. Treatments were a control (C) high-
starch total mixed ration (TMR) and two treatment diets containing 5% (N5) and 10% (N10) DM nettle haylage. The control
diet contained on a dry matter (DM) basis: 29% maize silage, 10% grass silage, and 61% concentrate blend with minerals.
Nettle haylage was included as a direct replacement for the grass silage element of the TMR (DM basis). Eating and
rumination activity were measured as described previously by Aikman (2008). Rumen pH was measured using an
indwelling pH electrode and rumen VFA concentrations were measured on 9 samples obtained over 8.5 hours.
Measurements were made in the last week of each period. The dependent variables were analyzed using Mixed Models
procedures and a model testing fixed effects of square, diet, period and diet by period interactions and random effects of
cow. Orthogonal contrasts were used to test for linear and quadratic effects of increasing amounts of nettle haylage in the
diet. Particle size of the rations was measured using a Penn State Separator.

Results There was an increase (linear, P<0.01) in the proportion of large particles and a reduction (linear, P<0.05) in
medium and fine particles with increasing nettle inclusion. A trend for a linear decrease in DMI intake was observed as
nettle inclusion in the diet increased (Table 1). Milk yield averaged 20.3 kg/d and was not affected by diet. Ruminating jaw
movements declined linearly (P<0.024; data not shown) with a corresponding linear decrease in the time spent ruminating as
nettle inclusion in the diet increased (Table 1). Rumen pH increased (quadratic) with nettle inclusion in the diet (Table 1).
Minimum rumen pH also increased when nettle haylage was included at 10% of ration DM (quadratic). The time that
rumen pH was below 5.5, 5.6 and 5.8 was least in cows with a 10% nettle inclusion in the diet and highest for cows with a
5% nettle inclusion (Table 1). There was a tendency for rumen acetate: propionate ratio to increase linearly with increasing
nettle inclusion in the diet (Table 1).

Table 1 Effects of feeding diets containing 5 (N5) or 10 (N10) % nettle haylage on feed intake, rumen pH measurements,
length of time rumen fluid was below a specified pH, and rumen acetate:propionate concentration ratio during the last week
of each period.

Diet P
C N5 N10 SEM Diet Linear Quadratic
DM intake, kg/d 20.0 19.7 18.5 0.93 0.220 0.106 0.593
Time ruminating, % 25.9° 20.5% 18.7° 2.56 0.175 0.080 0.525
Mean rumen pH 5.96" 6.00° 6.09° 0.095  0.668 0.119 0.061
Minimum rumen pH 5.32° 5.31° 5.38" 0.097  0.020 0.018 0.096
Time (h) pH<5.5 3.07" 3.30° 2.50° 0.994  0.059 0.292 0.152
Time (h) pH<5.6 486" 5.04° 3.81° 1387  0.131 0.260 0.262
Time (h) pH<5.8 8.81% 8.78° 7.29° 2.068  0.195 0.276 0.159
Acetete:propionate ratio 2.66 2.74 2.85 0.313 0.283 0.122 0.883

5 Values with different superscripts are statistically different (P<0.10)

Conclusions Production levels in terms of milk output were maintained when nettles replaced grass silage in the diet of
lactating dairy cows, in spite of a reduction in feed intake. Rumination activity was reduced by the addition of nettle
haylage to the diet, but there were indications of shifts in rumen fermentation patterns that were potentially beneficial to
lactating dairy cows on high grain content diets. Shifts in rumen pH patterns suggest potential benefits of feeding nettle
haylage for reducing rumen acidosis. However, it is not certain if the effects observed were due to differences in the
chemical composition of grass versus nettles or specific bioactive components of stinging nettles.
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Introduction Milk and dairy products are the greatest single source of saturated fatty acids (SFA) in the human diet,
contributing to between 30 and 40 % of total SFA intake in the UK (Henderson ef al., 2003; Hulshof ef al., 1999). Intake of
SFA in the UK exceeds current guidelines thus increasing cardiovascular disease risk. Research has focused on strategies to
reduce SFA in milk fat by altering dairy cow diet (Givens and Kliem, 2008). However such studies have only been
conducted on an experimental scale and it is not known if these changes would still be apparent in retail milk composited
from numerous farms. There are also no contemporary data on SFA in retail milk and how this changes throughout the
year. Since UK consumption of semi-skimmed milk is still rising (Givens and Kliem 2008) the objective of the current
study was to assess concentration of SFA and other fatty acids in retail milk over the course of one year.

Materials and methods Semi-skimmed milk (550 ml) was purchased from five supermarkets within a 5 mile radius of the
laboratory at the same time every month over the course of one year (one month was omitted). Milk was aliquotted and
stored at -20°C until analysis. Lipid in 1 ml milk was extracted in duplicate using ethanol, diethylether and hexane, and
transesterified to fatty acid methyl esters (FAME) using methanolic sodium methoxide (Kliem et al., 2008). FAME were
separated using a gas chromatograph temperature programme (Kliem et al., 2008). Milk fatty acids were expressed as
g/100 g fatty acids. Data were analysed as groups of fatty acids using analysis of variance for effects of month and
supermarket.

Results The SFA content of retail milk peaked in January (mean + SEM 67.6 = 0.35 g/100 g fatty acids) and was at its
lowest in May (62.7 = 0.45 g/100 g fatty acids, Figure 1). The spring and summer months corresponded with an increase in
cis-monounsaturated fatty acids (MUFA, peaking in July, 27.2 + 0.24 g/100 g) and trans-MUFA (peaking in May, 6.6 +
0.26 g/100 g). The concentration of total n-3 polyunsaturated fatty acids (PUFA) was highest (0.88 + 0.044 g/100 g) in
June. The effect of month was significant (P<0.05) for SFA, cis-MUFA, trans-MUFA and n-3 PUFA. There was also an
effect (P<0.05) of supermarket on cis-MUFA, trans-MUFA, n-3 PUFA and n-6 PUFA.
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Figure 1 Fatty acid composition of semi-skimmed milk from five supermarkets over the course of one year (2008-2009)

Conclusions These results demonstrate that the seasonal effect of dairy cow diet on milk fatty acid profile is present even
in bulked milk samples sourced from multiple suppliers. The reduction in SFA during the summer months is probably a
response to increased dairy cow intake of fresh pasture, the higher PUFA content of which indirectly inhibits de novo
synthesis and increases the availability of PUFA and trans-MUFA to the mammary gland. The observed effect of
supermarket may reflect differences in supply pools. Despite the variation observed, within months all milk fat contained
63 to 68 g/100g SFA indicating considerable scope for reduction throughout the whole year.

References

Givens, D. I, and Kliem, K. E. 2008. In Functional and Speciality Beverage Technology (Woodhead publishing) 135-169.
Henderson, L., Gregory, J., Irving, K. et al., 2003. The National Diet and Nutrition Survey Volume 2. The Stationery
Office, UK.

Hulshof, K. F. A. M., van Erp-Baart, M. A., Anttolainen, M. et al., 1999. European Journal of Clinical Nutrition 53, 143-
157.

Kliem, K. E., Morgan, R., Humphries, D. J. et al., 2008. Animal 2, 1850-1858.

https://doi.org/10.1017/52040470010001627 Published online by Cambridge University Press


https://doi.org/10.1017/S2040470010001627

020

Effect of low energy high fibre and grass silage feeding strategies on metabolic status of dairy

cows in the peri-partum period

M Butler'?, J Patton', J J Murphy', F ] Mulligan

1Dairy Production Research Centre, Teagasc, Moorepark, Fermoy, Co. Cork, Ireland, 2School of Agriculture, Food Science
and Veterinary Medicine, University College Dublin, Dublin 4, Ireland

Email: michael butler@teagasc.ie

Introduction The dry period is an important phase of the dairy cow’s lactation cycle. Plane of nutrition during this time
can have a major influence on peripartum metabolism (Grummer, 1995). Many studies have focused on developing feeding
strategies for the transition period (3 wks pre-partum to 3 wks post-partum) that alleviate the extent of metabolic stress. It
has been shown recently that feeding a low energy, high-fibre total mixed ration (TMR) for the entire dry period may be
beneficial in terms of improving metabolic status and reducing incidence of peripartum health disorders (Dann et al., 2006).
The aim of this study was to compare the metabolic profiles of Holstein Friesian cows managed under a high fibre TMR
dry cow regime, relative to a moderate quality grass silage diet.

Materials and methods Sixty mature spring-calving Holstein-Friesian cows were blocked according to expected calving
date, genetic merit for milk yield, body condition score (BCS), bodyweight and parity. Cows were randomly assigned to
one of the two dry period nutritional treatments at drying off: (1) high fibre TMR (HF-TMR) or (2) grass silage (GS). The
HF-TMR diet consisted of 0.40 wheaten straw, 0.25 grass silage, 0.25 maize silage and 0.10 soyabean meal. Both diets
were offered ad libitum for the duration of dry period, and were supplemented with an appropriate dry cow mineral mix.
Net energy density was calculated as 0.71 UFL (Unité Fourragére Lait) and 0.78 UFL for the HF-TMR and GS diets,
respectively. Blood samples were taken from cows by coccygeal venipuncture, for week 1 pre-partum to week 4 post-
partum. Samples were collected via evacuated vials containing, lithium heparin as an anticoagulant. Plasma analyte profiles
were analysed using appropriate kits each containing a number of reagents for each analyte on an ABX Mira Auto analyser.
Plasma insulin-like growth factor I (IGF-I) concentrations were determined by a validated double-antibody radio-
immunoassay after ethanol-acetone-acetic acid (60:30:10) extraction. Plasma insulin concentrations were determined by
using a solid-phase fluoroimmunoassay. Repeated measures analysis of treatment effects on plasma metabolites, insulin
and IGF-I was carried out using the MIXED procedure of SAS (SAS, 2006). A first order autoregressive covariance
structure was used. Treatment, time and treatment by time interactions were tested. Cow was included as a random effect
nested within treatment. Plasma analyte data were not normally distributed and were therefore log-transformed prior to
statistical analysis. Plasma analyte data are presented in as means of log-transformed values for wk 1 pre-partum to wk 4
post-partum.

Results Plasma metabolite profiles were similar for both dry cow treatments during wk 1 pre-partum to wk 4 post-partum,
except for a greater mean betahydroxybutyrate (BHB) concentration for treatment GS (Table 1). Plasma calcium
concentration tended to be greater for HF-TMR compared to GS during this time. Liver enzyme GLDH (Glutamate-
dehydrogenase) was greater for treatment HF-TMR relative to treatment GS Dry period diet did not affect peripartum
concentrations of insulin or IGF-I .

Table 1 Effect of dry period diet on plasma analyte concentrations

HF-TMR' GS' s.e.d. P-value
Plasma NEFA, mmol/l -0.34° -0.37 0.085 0.66
Plasma BHB, mmol/l -0.12 -0.31 0.078 0.02
Plasma triglyceride, mmol/l -1.83 -1.82 0.035 0.81
Cholesterol, mmol/l 0.91 0.90 0.053 0.87
Magnesium, mmol/I -0.15 -0.18 0.028 0.28
Phosphorus, mmol/l 0.43 0.41 0.055 0.73
Calcium, mmol/l 0.84 0.82 0.012 0.11
Aspartate-aminotransferase, iu/l 3.79 3.75 0.045 0.34
GLDH, iul/l 2.63 2.33 0.144 0.03
Bilirubin, pmol/I 1.97 2.04 0.061 0.23
Insulin, pIU/ml 1.31 1.30 0.080 0.85
IGF-I, ng/ml 4.63 4.57 0.090 0.52

'HF-TMR= High-fibre Total Mixed Ration; GS = Grass silage “All data in table log-transformed .

Conclusions Effects of dry period diet on plasma analyte profiles during the peripartum period were modest overall.
Differences in plasma BHB concentration are consistent with greater body tissue mobilisation for GS, arising from a higher
level of body lipid accretion during the dry period. Evidence from this study of a beneficial effect of HF-TMR on
peripartum Ca metabolism is tenuous. The reasons for elevated GLDH for HF-TMR compared to GS are somewhat
unclear; however neither treatment had GLDH concentrations that would be indicative of compromised liver function.
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Introduction Dietary fatty acid (FA) source influences fat and trans FA (tFA) content of bovine milk. Vaccenic acid (VA;
18:1 trans-11) arises from rumen biohydrogenation of polyunsaturated FA (PUFA), is the predominant tFA in milk and,
unlike some tFA, does not interfere with fat synthesis. Because mammary epithelial cells do not absorb HDL-lipoproteins,
we hypothesized that effects of tFA on milk FA composition could be related to differential plasma transport mechanisms.
The objective of this experiment was to elucidate which lipoprotein fractions are involved in plasma transport of tFA
isomers by infusing oils that induce different plasma tFA profiles.

Materials and methods Three non-lactating Holstein cows (Live weight 773 + 63 kg), each fitted with a rumen cannula,
were used in a 3 x 3 Latin square design. Cows were fed on a diet of grass hay (7 kg/d) and concentrate (based on barley,
sugar beet and wheat; 2 kg/d) and treated with bolus ruminal infusions of: 1) skim milk (SM; control; 500 ml/d); 2) soya oil
(SO; 250 g/d in 500 ml SM); and 3) partially-hydrogenated vegetable oil (PHVO; 250 g/d in 500 ml SM). Each three-day
infusion period was followed by a four-day washout interval to minimize carryover effects. Blood samples were obtained
prior to each infusion (0 h) and 1, 2, 3 and 6 h after infusion. Plasma was ultracentrifuged at 39,000 x g for 20 h at 12°C
using a Beckman XL-70 ultracentrifuge to separate lipoproteins into low density (LDL) and high density (HDL) fractions.
Fatty acid profiles of plasma and lipoprotein fractions were determined by gas chromatography. Data were analysed by
repeated measures ANOVA to study effects of treatment, period, sampling day within period and infusion time within
sampling day. Results presented are least-square means for each treatment because there was no interaction between
treatment and period, day or time.

Results There was no difference between treatments in concentrations of saturated FA and PUFA, but monounsaturated FA
were higher (P<0.05) in both plasma and LDL for SO and PHVO compared with SM (Figure 1). Compared with SM and
PHVO, SO increased (P<0.05) VA concentration in both HDL and LDL. Compared with SM and SO, PHVO increased
(P<0.05) HDL concentrations of 18:1 frans-9 but reduced (P<0.05) concentrations of 18:1 trans-10, trans-11 and trans-12
(Figure 2). Compared with SM and SO, PHVO, increased (P<0.05) LDL concentrations of 18:1 trans-5, trans-6-8, trans-9
and trans-10, and reduced (P<0.05) concentrations of 18:1 trans-11.

4=
=

05 OPHVD 50 3

AMananll.,

Plsma | WOL | LDU PR .r-...i‘I“-‘In‘-iﬂLii'Iﬂ ﬂ

w4 | t5 | 6B B9 | w0 |+l 0l2 | B4 | 5 p6E | b8 £10 | 1l Bl2

WM 50 EPHYO

woA0g
=
2/ 10g

=

Maema | HIL LO0L | Plasme | HOL

Saturated Mancunszturated Pokmnsaturated i ™
Figure 1 Treatment effects on major fatty acid classes in Figure 2 Concentrations of 18:1 trans isomers in lipoprotein
plasma and lipoprotein fractions fractions

Conclusions Effects of oil infusion of FA profiles of plasma, HDL and LDL were consistent with differences in oil
composition. Soya oil is rich in PUFA, which increase VA after ruminal biohydrogenation; PHVO contains a mixture of
tFA isomers, which are not changed during rumen passage. The results confirm, therefore, that tFA concentrations of
plasma and lipoprotein fractions depend on dietary lipid source. This study suggests that LDL is more responsive to source
of tFA, although further fractionation is required to distinguish between true LDL-cholesterol, chylomicrons and very low
density lipoproteins (VLDL) that are also present in this fraction.
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Introduction Fish oil (FO) either alone or in combination with vegetable oils results in increased concentrations of trans
fatty acids (tFA) in duodenal fluid and milk fat. Our previous study demonstrated that infusion of partially hydrogenated
vegetable oil (PHVO) or soya oil (SO) increased the tFA content of both HDL- and LDL- lipoprotein fractions, but
responses varied according to fatty acid source. Because FO has a greater effect on rumen tFA yield than SO, we
hypothesized that differences in blood FA profiles would be observed, particularly in 18:1 trans isomers. The objective of
this study was to determine the effects of infusing oils that induce different concentrations of tFA, and to elucidate further
which lipoprotein fractions are involved in tFA transport.

Materials and methods Two non-lactating Holstein cows (Live weight 778 + 88 kg), each fitted with a rumen cannula,
were used in a 2 x 3 Cross over design with 3 d infusion periods followed by 4 d washout interval between treatments to
minimize carryover effects. Cows were fed on grass hay (7 kg/d) and concentrate (based on barley, sugar beet and wheat; 2
kg/d) and treated with bolus ruminal infusions of: 1) SO (control; 250 ml/d in 500 ml/d of skim milk; SM); 2) FO (Salmon
oil: 250 g/d in 500 ml/d of SM) and 3) FO+PHVO (125 + 125 g/d, in 500 ml/d of SM). Blood samples were obtained prior
to each infusion (0 h) and 1 and 3 h after infusion. Plasma was ultracentrifuged at 39,000 x g for 16 h (to separate VLDL-
cholesterol fraction) and a further 20 h (to separate LDL- and HDL-cholesterol fractions) at 12°C using a Beckman XL-70
ultracentrifuge. Fatty acid profiles of plasma and lipoprotein fractions were determined by gas chromatography. Data were
analysed by repeated measures ANOVA to study effects of treatment, period, sampling day within period and infusion time
within sampling day. Results presented are least-square means for each treatment because there was no interaction between
treatment and period, day or time.

Results Compared with control, FO and FO+PHVO reduced (P<0.05) concentrations of saturated FA in plasma. Compared
with control and FO+PHVO, FO reduced (P<0.05) concentrations of saturated FA in VLDL. Compared with control and
FO, FO+PHVO resulted in higher (P<0.05) concentrations of monounsaturated FA in plasma and lipoprotein fractions.
Compared with control and FO+PHVO, FO resulted in higher (P<0.05) concentrations of PUFA in plasma (Figure 1).
Compared with control and FO+PHVO, FO resulted in higher (P<0.05) concentrations of VA in VLDL. Compared with
control and FO, FO+PHVO increased (P<0.05) HDL concentrations of 18:1 trans-9 and trans-10, LDL concentration of
18:1 trans-9, and VLDL concentrations of 18:1 trans-5, trans-9 and trans-12 (Figure 2).
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Figure 1 Treatment effects on major fatty acid classes in Figure 2 Concentrations of 18:1 trans isomers in lipoprotein
plasma and lipoprotein fractions fractions

Conclusions Dietary lipid source influenced FA profiles of plasma, HDL, LDL and VLDL. Fish oil is rich in PUFA, which
increase VA after ruminal biohydrogenation; PHVO contains a mixture of tFA isomers, which are not changed during
rumen passage. The results showed that dietary lipid source influences tFA concentrations of plasma and lipoprotein
fractions. This study suggests that the VLDL-cholesterol fraction is more responsive to supply of tFA. VLDL-cholesterol
fraction appears to be the major fraction involved in transportation of tFA.
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Introduction There are an increasing number of farmers in Ireland seeking to expand the scale of their dairy enterprises.
Herd size in Ireland is small (95% of herds have less than 100 cows) but has increased from an average of 30 cows in 1994
to 55 currently. The removal of milk quotas in 2013 is expected to speed up expansion as production moves to areas of
competitive advantage. Expanding a herd presents choices in terms of growing organically or sourcing non-homebred
animals, as well as challenges as a result of managing more cows and the associated requirements for infrastructure and
labour. The objective of this study was to characterise seasonal calving herds according to size and rate of expansion, to
determine trends in sourcing new animals, breeding policy, reproduction and production performance.

Materials and methods Performance data from milk recording herds comprising 1,628,738 lactation records (n = 36,964
herd-years) for the years 2004 to 2008 inclusive, were obtained from the Irish Cattle Breeding Federation database. Only
herds with at least 20 cows, present for all five years of the study period and which had >80% of cows calving between 15"
December and 30™ June, inclusive, were retained (775,795 lactations from 2,555 herds). Herds were classified into three
groups based on herd size and three groups based on annual rate of expansion. Linear robust regression was fitted to the
annual herd size of each herd separately using PROC ROBUSTREG (SAS, 2004). The intercept (i.e. herd size in the year
2004) and a linear rate of change in herd size for each herd were retained. Herd size, predicted from the regression, was
categorised into Small (n = 843), Medium (n = 868) and Large (n = 844) based on predicted herd size in 2006 (i.e., the
middle year of the study period). Median (5™ and 95" percentile) herd size was 38 (26 and 46), 54 (47 and 62) and 79 (64
and 137) cows for Small, Medium and Large herds, respectively. If the linear regression coefficient was not different
(P<0.05) from zero (n=1585) herds were coded as not expanding (Nil). Herds with a regression coefficient greater (P<0.05)
than zero were divided into two even groups, each of 485 herds (Slow, increasing at an average rate of 3 cows/year; Rapid,
increasing at an average rate of 8 cows/year). Multilevel hierarchical linear and non-linear models were fitted in ASREML
(Gilmour et al., 2009) with herd, and cow within herd, as random effects. Year was included in the model as a fixed effect
as well as herd size and rate of expansion and their interactions.

Results There was no difference (P>0.05) in fat yield, protein yield and fat percent between herds differing in the rate of
expansion. However, an association (P<0.001) existed between 305-day milk yield and rate of expansion (Nil 6307 litres,
Slow 6242 litres, Rapid 6199 litres, SED 41.3, P<0.01). Expanding herds had greater (P<0.001) milk protein percent than
herds that were not expanding. There were no associations between herd size and milk production traits except for protein
percentage, which increased (P<0.05) with increasing herd size. Average parity number of the cows in a herd decreased as
rate of expansion increased (Nil 3.0, Slow 2.9, Rapid 2.6 years, SED 0.002, P<0.001), but was not associated with herd-
size. Relative to herds that were not expanding, the odds of a slow or rapidly expanding herd having a greater proportion of
homebred animals was 0.89 (95% CI: 0.74 to 1.07, NS) and 0.44 (95% CI: 0.36 to 0.53, P<0.05). Relative to small herds,
the odds of a medium or large herd having a higher proportion of homebred animals was 1.5 (95% CI: 1.34 to 1.90) and 2.7
(95% CI: 2.23 to 3.20). Holstein-Friesian was the predominant dairy breed of calves born to cows in herds of all herd sizes
and expansion categories (73%, 76%, 77% for Small, Medium and Large herds, respectively and 74%, 74% and 77% for
Nil, Slowly and Rapidly expanding herds, respectively). The proportion of beef calves born decreased (P<0.001) as herd
size and rate of expansion increased (34, 29, 27%, se=1.0 for small, medium and large herds, respectively and 34%, 32%
and 25% for Nil, Slowly and Rapidly expanding herds, respectively). The proportion of Jersey mated to Holstein-Friesian
or purebred Jersey calves was very low (< 1%) for all herd sizes and rates of expansion, but the proportion of crossbred
calves increased with increasing rate of expansion. Calving interval was longest for small and Nil expanding herds.
Animals in larger and expanding herds calved for the first time at a younger age relative to smaller or non-expanding herds
(804, 791, 776 days, se=3.1 for Small, Medium and Large herds, respectively and 797, 786 and 788 days, se=3.6 for Nil,
Slowly and Rapidly expanding herds, respectively). There was a negative association between herd size and proportion of
cows calving in the first 56 days of the calving season. A greater (P<0.01) percentage of calves were born to Al in medium
sized herds compared to small or large herds.

Conclusions Rapidly expanding herds are increasing cow numbers by buying in more non-homebred cattle. The proportion
of dairy sires used in their breeding program is increasing and there is more crossbreeding, albeit at a low rate. Similarly
large herds are using more dairy sires and fewer beef sires. Both large and expanding herds are calving heifers at a younger
age. Expansion and herd size is resulting in few production differences, although the larger herds had higher milk protein
percentage.
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Introduction The range livestock production in Pakistan mostly depends on post harvest grazing or grazing on marginal or
salty or waterlogged lands that are not suitable for traditional crops. Due to regional variations in the quality of grazing
lands the forage availability for animal production is not always predictable. Unstable fodder availability with nutritional
deficiencies can cause poor livestock production as animals have to rely mostly on poor quality feeds. Tree and shrub
leaves can potentially alleviate some problems of feed shortages and nutritional deficiencies especially for range animals
during fodder scarcity seasons. However, it would be essential to estimate the nutritive value of these leaves before their
use for feeding animals. This study therefore evaluated different drought resistant and salt tolerant shrubs for their nutrient
composition and in vitro dry matter (DM) degradability (IVD) alongside grass nuts (grass) as a good quality processed
forage. The results of this study may help design future strategies for the use of these shrubs in ruminant diets to partly
overcome the animal feed shortage in some tropical regions.

Materials and methods This 5x7 factorial study in triplicate compared the IVD of 5 plants including grass nuts as a
control and 4 shrubs (Baker or Adhatoda vasica= AV; Sanatha or Dodonea viscose=DV; Australian acacia or Acacia
ampliceps= AA; and saltbush or Atriplex lentiformis= AL) at 7 incubation hours (0, 6, 12, 24, 48, 72, 96). A sample of grass
nuts that has already been tested in this laboratory was used as a standard control whereas the shrub leaves were collected,
dried and transported to the UK. These samples were re-dried and ground through 1mm sieve before determining in
triplicate their nutrient and total phenolic (TP) contents. Rumen fluid was obtained from 2 fistulated sheep prior to their
morning feeding, strained through a cheese cloth into pre-warmed flasks under CO, and mixed with a pre-warmed buffer at
1:4 ratio to prepare the inoculum which was kept at 39°C until used. About 0.4g of each sample was weighed into a marked
test tube to which 40 ml of the inoculum were added under CO,_ The tubes were sealed with rubber stoppers and incubated
at 39°C for the pre-determined times before placing these tubes in ice to stop fermentation. The residues were collected
after centrifuging the tubes at 10,000 rpm for 10 minutes, washed with distilled water and dried at 60°C to determine IVD.
The data were analyzed by using General Linear Model of SAS® to compare the differences between these plants for their
nutrients and IVD for each incubation time at P<(.05. The effect of time or the plant x time interaction was not tested in
this analysis. However, the Tukey’s posthoc test was used to compare the treatment means for each time at P<0.05.

Results Table 1 shows significant differences between these plants for most nutrients and IVD at each incubation time
(P<0.05). 4 vasica contained significantly more CP but less NDF and ADL than other plants including grass nuts
((P<0.05). The patterns of change in IVD of shrubs with increasing times were comparable to that of grass nuts as a
control. IVD increased significantly (P<0.001) with the increased incubation time (P<0.001). However, the extent of
difference between mean IVD of shrubs depended upon the shrub type and the incubation time (P<0.001). In fact, IVD of
AV and AL were closer to grass nuts but greater than those of DV and AA at most incubations times. D viscose contained
highest TP but lowest CP and IVD than other shrubs (P<0.001).

Table 1 Mean nutrient composition and IVD for different incubation hours of tropical shrubs and grass nuts

Nutrient composition (g/kg or g/lkg DM) In vitro degradability at hours (g/kg)
Items DM oM CP EE NDF ADL TP 0 6 12 24 48 72 96
A vasica 918 840 285 13 231 109 22 258 306 350 393 482 512 539
D viscosa 922 942 8 17 311 119 73 210 239 259 287 312 339 348
A ampliceps 937 874 155 14 574 320 10 199 228 250 289 326 349 391
A lentiformis 955 780 106 9 445 134 7 229 263 291 301 398 450 534
Grass nuts 940 921 168 29 606 ND ND 190 240 287 306 414 473 535
SEM 1.6 13.6 8 5.6 3.9 13.1 8 7 8 10 12 18 20 24
SigniﬁcanCe * ks sk NS ks etk sk seskosk ek skeksk sk skeksk ks ks

ND=not determined; NS= non significant; *, ** and *** represent significance at P<0.05, P<0.01 and P<0.001 respectively

Conclusions Although these shrubs showed variable nutrients and IVD in comparison with the grass nuts, they appeared to
have the potential for their use in formulating ruminant diets during the feed shortage seasons of different regions of
Pakistan. Further studies will look at the suitability of different amounts of these shrubs as potential supplements for forage
consuming livestock particularly in tropical countries where animal production is restricted by the feed shortages.
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Introduction In Indonesia, the agricultural by-products are considered as stable source of ruminant feeds and now a days
interest in their effective utilization is increasing all over the world due to economical factors and pollution. Shortage in
animal feeds has been found to have a negative impact on the development of animal production. Non traditional feed
sources such as extracted gambir leaf waste (Uncaria Gambir Roxb) are poor in nutrients such as protein content and
vitamins and they are rich in fibers with low digestibility, or palatability and high lignin contents. The degree of
lignifications is relatively more important in controlling hydrolysis rate in animal digestive tract (Fan et al., 1981).

Therefore, biological treatment is used for increasing the nutritional value of gambir leaf extracted waste, because
microbial conversion of these wastes can improve their nutritional value and transforming them into animal feed with high
quality (Villas-Boas et al., 2002). Many efforts have been employed to remove the lignin and/or to break up the linkages
between lignin and carbohydrates and to increase their feed values by biological treatments (Abo-Eid et al., 2007). The
main objectives of this study were to evaluate the effect of biological treatments of extracted gambir leaf waste with two
fungal (F) strains (Rhizopus sp and Aspergillus niger) for 5 to 20 days of incubation on chemical composition,and cell wall
constituents as well as on the in vitro dry and organic matter digestibility.

Material and method The objective of this study was to evaluate the effect of biological treatment with three fungal
strains for extracted gambir leaf waste on chemical composition, cell wall constituents and in-vitro digestibility. The
extracted gambir leaf waste was chopped (approximate 1-3 c¢cm) and each one was divided into 6 times of incubations
treatment. The tested fungi were obtained from the extracted gambir leaf waste decay. The strains obtained were Rhizopus
sp and Aspergillus niger. The strains were maintained on potato dextrose agar medium (PDA), grown at 24 - 28°C for 48 -
72 hrs, and then stored at 4°C. The medium used for the maintenance of the fungi consists of coconut water and 2.5 gram
sugarcane /L. The pH value was adjusted to 5.6 before autoclaving at 121°C for 20 minutes. Precultures of the mix fungal
strains were prepared by inoculating 1500 mL conical flasks containing 1000 ml coconut water (Gusmanizar, 2008) with
mycelial discs of 7 days old culture. The inoculated flasks were incubated at 28°C for 7 days. The mycelia of growing
fungi were diluted 10 times and used to inoculate the extracted gambir leaf waste at 10% (V/W). Two hundred and fifty
grams of extracted gambir leaf waste were packed in plastic bags for each and then inoculated with the above prepared
inoculums (moisture content 60 - 65%). Data were analyzed according to Statistical Analysis System user's Guide (SAS,
1998) for one way analysis of variance. Separations among means were carried out by using Duncan's (1955) multiple
range test.

Results Table 1 illustrates the effects of time of incubation on the chemical composition and in vitro digestibility of treated
extracted gambir leaf waste. Except the OM CF, all nutrients and in vitro digestibility were significantly (P < 0.01)
affected by time of incubations.

Table 1 Time of incubation effect on chemical composition and digestibility of treated extracted gambir leaf waste (%).

Time of OM CF CP CP ADF NDF ADF NDF
incubation Degradation Degradation  Degradation
(days)

5 95382 30.53% 13.02° 45.72° 29.89° 57.20°  12.15° 11.59°

10 9529 31.37° 14.52% 48.25°¢ 31.82° 59.65°  17.68° 19.94°

15 94.88* 31.55% 14.87 46.03° 34.10° 60.85°  10.35° 11.76°

20 94.82° 30.49° 14.68% 43.00° 36.77° 63.44°  13.66° 13.21°

SE 0.25 0.3 0.5 2.1 23 1.9 22 2.1

These results show that times of incubation influence the crude protein, ADF and NDF, and their digestion in vitro.

Conclusions Biological treatment of extracted gambir leaf waste with the mix Rhzopus sp and Aspergillus niger,) can
improve chemical compositions and nutritive values at 10 days of incubation.
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Introduction For many years the nylon bag method for measuring ruminal degradation of forages and concentrates
(Qrskov et al., 1980) has been a widely used and reliable tool for evaluating ruminant feeds. In its current form the
technique necessitates the use of surgically-prepared animals, but in many countries there is mounting pressure to
discontinue their use. The purpose of this work was to develop a nylon bag method using intact sheep, by oral dosing at
differing times, bags containing test feeds. The bags would be removed from the rumen following slaughter of the animals.

Materials and methods Three sequential experiments were carried out using individually-housed intact cast ewes fed
dried grass pellets and grass hay, to evaluate orally-dosed nylon bags containing about 1g dried forage (ground to pass
through a 2mm sieve). The bags were smaller than those of the conventional method, but the ratio of bag area to forage
sample weight was maintained. They were constructed from the conventional fabric (Dacron, 40um mesh size) with heat-
welded seams. Two designs were tested, either flat or tetrahedral shapes. The tops of the bags were closed by machine
stitching and were wrapped in tissue paper to facilitate oral dosing. Sheep received two flat and two tetrahedral bags on
each of seven occasions (96h, 72h, 48h, 24h, 16h, 8h and 4h) prior to slaughter by sodium pentobarbitone injection; the
forestomachs were opened to allow removal of the bags. Recovered bags were washed in cold water and dried at 60°C
before removing the stitching and weighing. In Trial 1, bags containing grass hay and two stainless steel 5g weights, were
dosed to two sheep. In Trial 2, three pairs of sheep each received bags containing grass hay and having different designs of
anti-regurgitation device, which were constructed from nylon cable ties and stitched to the tops of the bags. They were
folded for dosing, being retained by the tissue paper wrapping, and designed to open out in the rumen. The designs of anti-
regurgitation devices tested were: (i) ‘z’-shaped; (ii) double ‘z’-shaped; (iii) umbrella-shaped. In Trial 3, the degradation of
three different forages (freeze-dried red clover, freeze-dried perennial ryegrass and barley straw) were examined using six
sheep, with each sheep receiving two of the forages in separate pairs of bags, which were all fitted with ‘z’-shaped devices.

Results In Trial 1, few intact bags were recovered from the rumen, with most of the bags having been regurgitated. In
Trial 2, the recovery of intact bags from the rumen was high for all anti-regurgitation designs, being 100%, 96% and 100%,
respectively, for types (i), (ii) and (iii). Missing bags were apparently lost at the time of dosing and not due to regurgitation.
Reproducible dry matter losses (% units) at each time point were obtained from all sheep and no differences were found
between bag shapes (mean within-sheep differences between replicates = SE - flat bags: 2.04+0.718; tetrahedral bags:
1.77+0.460; between-sheep SEM over all time points - flat bags: 1.000; tetrahedral bags: 0.743. In Trial 3, only one bag
was not recovered from five of the sheep, but six bags were lost from the sixth animal. Using the procedure of @rskov and
McDonald (1979) and assuming the different shaped bags to be replicates, degradation curves were obtained for the three
forages tested in Trial 3 (five sheep), and for the grass hay used in Trial 2. The observed and fitted degradation
characteristics (Figure 1 and Table 1, respectively) were in accordance with those to be expected from the conventional
nylon bag method.

Table 1 Ruminal degradation constants for four dried forages

00 T TTTTTTTTTTT T using nylon bags orally dosed to intact sheep
50 f/ - 1 Forage Degradation constants
60 1 — T (means + S.E.)'
40 - gayg tﬂ?t lfla%s b n®” WL a(%)  b(%) ¢ (/h)
- ~p ;%mi;f‘rse;assags Grass hay 12 27.4 15.120.65 58.4+0.88 0.057+0.0016
20 {»1’/ —~ Red clover Perennial ryegrass 4 29.4 26.3+2.52 39.5+0.88 0.054+0.0042
0 —- Barley straw Red clover 3 51.0 19.14£9.4276.1+9.18 0.309+0.0323
0 20 40 66 8(') 100 Barley straw 3 12.6 4.7+1.27 64.2+1.77 0.048+.0032
Incubation time (h) 'Obtained from the fitted equation: p=a+b (1 - &), where
p is the percent degradation at time, t (h)
Figure 1 Observed ruminal degradation of four *Number of sheep observations (seven time points each).
dried forages in nylon bags orally dosed to *Washing loss (%):bags in water at 39°C; washed in cold water

intact sheep (mean + SE).

Conclusions These studies show that ruminal degradation of dried forages can be characterised using a modified nylon bag
method with intact sheep. Further work is required to increase the reliability of the dosing method and to test its use with
additional feeds.
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Introduction Ruminal pH is a critical factor in the normal and stable function of the rumen. A reduction in ruminal pH
below normal (< 5.6) can have significant impact on microbial activity, rumen function, and animal productivity and health
(Nagaraja and Titgemeyer, 2007). Forage brassicas are an alternative forage source offered to dairy cows for in — situ
grazing. However, there is a scarcity of literature examining the effect of feeding diets composed of high proportions of
kale (brassica oleracea) or kale alone on rumen pH and VFA production in the rumen.

Materials and methods In 2006/2007, an experiment was conducted at Moorepark Dairy Production Research Centre, Co.
Cork. Ireland, evaluating the effect of offering differing proportions of kale and perennial ryegrass (Lolium perenne) silage
on rumen physiology. Four multiparous pregnant dry dairy (100 = 12 days pre-partum; 600 £+ 15 kg of liveweight (LW))
cows permanently fitted with ruminal cannulae were randomly assigned to four kale: grass silage dietary proportions
(0:100, KO; 60:40, K60; 85:15, K85 and 100:0, K100) on a dry matter (DM) basis in a 4x4 Latin Square design with four
20 day periods. Cows were acclimatised for fifteen days, followed by a five day period of experimental sampling and
measurement. Internal pH meters were installed to continuously monitor rumen pH while rumen liquor collection tubes
were used to sample rumen liquor for volatile fatty acid analysis at 0, 4, 8 and 12 h after feeding on each sampling day.
Cows were offered a total of 10 kg DM of forage daily at 08.00 h. Average intake and ruminal pH variables from each cow
over five days of each period and from four times within each day were recorded. Analysis with mixed model procedures
of SAS (SAS Institute, 2008) was used to model the correlation structure of the repeated measurements. Treatment, block
effect, day and time of day were included in the model for the data as necessary structural terms and interactions were
examined. An unstructured covariance model was used for the time of day (unequal spacing) and compound symmetry for
the day. There was no evidence found to support more complex covariances for the effect of day.

Results The chemical and mineral composition of the kale and grass silage offered in this study are presented in Keogh et
al. (2009). Cows on treatment K85 had a lower (P< 0.001) ruminal pH compared to cows on treatments K100, K60 or KO
(Table 1). While a gradual decrease in rumen pH was observed over an eight hour period for K85 before recovery, offering
K100 did not reduce rumen pH below 6.0 or induce acidosis (Figure 1). Increasing the dietary proportion of kale did not
affect (P> 0.05) acetate: propionate ratio production between treatments (Table 1). Cows offered K60 had increased (P <
0.05) rumen VFA concentration relative to KO while offering K85 and K100 had no affect on rumen VFA concentration
(Table 1). Offering dry cows K100 relative to KO reduced dry matter intake by 17.5% (7.32 vs. 8.87 kg DM day’,
respectively) which may be associated with the presence S-methyl-L-cysteine sulphoxide (Barry and Manley, 1985) which
can cause haemolytic anaemia and depressed DM intake.

Table 1 Effect of four pre-calving dietary proportions of kale: grass silage on dry matter intake (DMI kg™ day), Acetic:
Propionic ratio (AC:PR; mmol L") and total volatile fatty acid (VFA) concentration (mmol L™).

K100 K85 K60 KO  se. P i ~ 00 -+ Ko~ KD = Ko
Kale DMI - 635 490 - :ﬁ
Grass silage DMI - 1.71 3.28 - Z i
Total DMI 732" 8.06® 818 887° 0531 0.05 5 o2
AC: PR 378 386 365 371  0.195 ns. TR I S
Total VFA 59.35%  61.74® 71.67° 53.45° 4.887 0.05 56 1 o
Meanrumen pH 626  591° 632" 632 0.05 0.001 56 2 e s

T rebative o feeding (hors)
Conclusions The results suggest that increasing the

dietary proportion of kale was associated with a
progressive decrease in dry matter intake but with
minimal effects on rumen pH and total volatile fatty acid
concentration. The progressive decrease in dry matter
intake may warrant further research on a larger scale,
over a longer period of time while offered in-situ to
elucidate potential effects on dry dairy cow performance.
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Introduction The incorporation of essential oils into ruminant diets has the potential to beneficially modify rumen
fermentation. In the literature, essential oils have been reported to alter several rumen parameters such as molar proportions
of volatile fatty acids (VFA), methane production and amino acid degradation (reviewed by Calsamiglia et al. 2007). The
majority of studies that have investigated the effects of essential oils have largely focused on inclusion levels of individual
oils. Few studies have investigated the potential synergistic effects of blending different essential oils. The aim of this study
was to analyse the effects of three essential oils, eugenol, limonene and terpinene and their respective blends on rumen
fermentation in vitro.

Materials and methods A 70:30 grass hay (Lolium perenne) and concentrate basal diet milled through a 1 mm screen, was
incubated in 125ml serum bottles. Incubation buffer (90 ml), prepared according to Theodorou et al. (1994), and 10 ml of
strained rumen fluid were added to each bottle. The rumen fluid used was sourced from three sheep rumens obtained from a
local abattoir. Essential oils were added to the bottles to achieve a dosage level of 500 mg/litre either as individual or
blended (50:50) mixes of essential oils. The seven experimental treatments were as follows: control (CON, unsupplemented
diet), eugenol (EUG, 100%), limonene (LIM, 100%), terpinene (TER, 100%), eugenol + limonene (EuLi, 50:50), limonene
+ terpinene (LiTe, 50:50), terpinene + eugenol (TeEu, 50:50). Four replicates of each treatment were incubated and gas
production was measured at 3, 6, 12, 24, 48 and 72 hours using a pressure transducer (Mauricio, et al 1999). Another set of
extra bottles, treated as above, were incubated alongside and stopped after 12, 24, 48 and 72 hours and their contents
anahlysed for ammonia nitrogen (NH;-N) and VFA. Treatment effects were analysed using analysis of variance with Genstat
11" Edition.

Results Gas production data are summarised in Table 1. After 3, 6, 12 and 24 hours of incubation all essential treatments
significantly reduced gas production compared to the control (P<0.001). Blending terpinene and eugenol (TeEu)
consistently caused the greatest reduction in gas production compared to other treatments at all times (P<0.001). Other
essential oil blends (EuLi and LiTe) generally did not alter gas production compared to individual supplements of these
essential oils. The effects of essential oils on NH;-N concentration are shown in Table 2. There was no difference in NH;-N
after 12 hours of incubation across all treatments. In general, all essential oil treatments reduced NH;-N concentration at 24
and 48 hours compared to the control. LIM elicited the most significant reduction in NH;3-N at 24 hours.

Table 1 Effects of either individual or combinations (50:50) of essential oils on cumulative gas production (ml/g DM) in

vitro (n=4)
Experimental Treatments

Time (hr) CON EUG LIM TER EuLi LiTe TeEu  sed P-value
3 31 19 21 23 18 23 16 1.4 P<0.001
6 60 39 40 41 35 44 33 2.8 P<0.001
12 98 72 66 72 64 72 57 5.1 P<0.001
24 138 118 83 91 90 88 82 4.7 P<0.001
48 178 174 116 116 117 109 104 7.2 P<0.001
72 193 193 136 134 132 126 114 8.0 P<0.001

Table 2 Effects of either individual or combinations (50:50) of essential oils on NH;-N (mg/litre) concentration in vitro
Experimental Treatments

Time (hr) CON EUG LIM TER EuLi LiTe TeEu  sed P-value
12 242 256 258 259 250 253 262 5.7 NS
24 294 308 272 273 281 283 288 6.9 P=0.001
48 383 343 296 302 318 297 316 132 P=0.002
72 422 352 333 328 354 343 359 8.2 P<0.001

Conclusion This study demonstrates that essential oils have antimicrobial activities that depress both gas production and
NHj;-N concentration compared to unsupplemented controls. Although essential oil combinations reduced gas production
they appear not to be as effective as individual unblended essential oils at reducing ammonia production in vitro.
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Introduction In Ireland, methane (CH4) emissions from ruminants accounts for approximately 51% of greenhouse gas
emissions from the agriculture sector (McGettigan ef al., 2008). Additionally, CH,, formed as a by-product of rumen
microbial fermentation can account for up to 12% of dietary gross energy. Therefore reducing enteric CH, production may
also improve feed efficiency. Despite its importance as a significant contributor to global warming, relatively little is
known about the microbial population in the rumen. Selection for improved feed efficiency in beef cattle, measured as
residual feed intake (RFI), has been shown to reduce total and feed intake corrected CH4 emissions without compromising
animal production (Hegarty et al., 2007). However, little is known about the biological mechanisms controlling this effect.
The ruminal microbial ecosystem is comprised of diverse symbiotic populations of anaerobic bacteria, archaea, ciliated
protozoa and fungi, though there is a dearth of published information on how these microorganisms are influenced by
either intrinsic or extrinsic factors. Quantification of these microbial populations and assessment of how they differ across
different animals and diet types will increase our understanding of host-microbial interactions in ruminants.

Materials and methods Limousin x Friesian beef heifers (n = 86), initially selected on the basis of sire EBV for RFI, were
ranked on the basis of phenotypic RFI, calculated over an 80-day period while consuming a 30:70 maize
silage:concentrate TMR diet (on a DM basis). The seven highest (HRFI; least efficient) and seven lowest (LRFI; most
efficient) ranking animals were selected for use in this study. Both groups had similar mean bodyweight and ADG at
ranking but HRFI had, on average, 20% higher DMI. Following ranking on RFI all animals were allocated to a grass silage
diet for six weeks (Period 1). Three months later all animals were again offered a 30:70 maize silage:concentrate TMR
over a six week period (Period 2). Both silage and TMR diets were offered ad libitum. Ruminal fluid was sampled at the
end of each period using a specialised trans-oesophageal sampling device. Total microbial DNA was isolated from the
ruminal fluid using a repeated bead beating method. A qPCR SYBR Green assay was developed to quantify key microbial
groups using PCR primers to target DNA sequences of total rumen bacteria, methanogens, Ruminococcus flavefaciens,
Fibrobacter succinogenes and protozoa. Abundance of these microbes was expressed as a proportion of total estimated
rumen bacterial 16S rDNA according to the equation: relative quantification = 27(¢ fareet-Ct total bacteria) "oy 0r6 Ct represents
threshold cycle. Data were analysed using mixed models ANOVA (PROC MIXED, SAS 2006). The final model
included terms for RFI group, diet and their interaction, with differences between means statistically significant at P<0.05.

Results No RFI phenotype x diet interactions for any of the microbial populations measured were observed. The effect of
phenotypic RFI and diet on key microbial populations is shown in Table 1. There was no effect (P>0.05) of RFI phenotype
on the quantity of any microbial species measured. However, dietary period affected (P<0.05) ruminal microbial
populations manifested as a reduction in methanogen, Ruminococcus flavefaciens, Fibrobacter succinogens numbers and
an increase in protozoa numbers between periods 1 and 2.

Table 1 Effect of phenotypic RFI and diet on ruminal microbial populations'”

RFI SED Diet SED Significance’
H L GS TMR RFI Diet RxD
Methanogens 4.04 4.84 0.985 6.15 2.74 0.985 NS ok NS
Ruminococcus flavefacien’ 0.13 0.05 0.050 0.17 0.015 0.050 NS ok NS
Fibrobacter succinogenes’ 221 1.59 0.661 3.34 0.46 0.661 NS ok NS
Protozoa 0.54 0.73 0.209 0.57 0.70 0.209 NS * NS

R=RFI; D=Diet. NS=Non-significant (P>0.05). * P<0.05, ** P<0.01, *** P<0.001. lMi(crobes measured as a proportion of
total estimated rumen bacterial 16S rDNA, relative quantification = 2 (¢t fareet-Ct total bacteria) 1103 2yata corrected for DMI.
*Significance values for transformed data. Back transformed means presented for clarity. ‘Cellulolytic bacteria

Conclusions There was no clear evidence from the current study of differences in inherent ruminal microbial population
between animals ranked as either efficient or inefficient for feed energy utilisation. However, it was clear that diet can
influence the number of methanogenic and cellulolytic microbes with reductions observed in these when animals were
offered the high starch, high energy diet. These results are consistent with lower ruminal CH, emissions recorded on this
TMR diet (McDonnell et al., 2009). Dennis et al., 1983 reported increased protozoa numbers in cattle as the proportion of
concentrate in the diet increased, as found in the present study. Further investigation is warranted to determine the effect of
animal RFI phenotype and diet on the abundance of other important ruminal microorganisms to improve our understanding
of feed efficiency and methanogenesis in cattle and how these processes might be influenced by diet type.
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Introduction In general, an increase in the level of feeding of a basal diet results in a decrease in digestion due to a shorter
retention time of feed in the rumen. Many trials have examined the effect of feeding various hay to concentrate rations on
disappearance values of concentrate feedstuffs but experiments on the effect of feeding level on digestibility of feedstuffs
are limited and contradictory. Even though relationships between intake level and in sifu degradation can be theorized,
actual studies of such relationships are lacking (Vanzant et al, 1998). Our study was designed to examine the effect of
feeding level (FL) on disappearance kinetics of dry matter (DM) of canola meal and soybean meal which are the most
widely used protein sources in animal feeds.

Materials and methods Four Iranian shal wethers with a body weight of 40+2 kg (2 years old) were used in this study.
Sheep were each fitted with a rumen fistula (4 cm internal diameter) and kept in individual stainless steel cages with
external feed and water troughs. A diet was offered at four levels of feeding: 1 (maintenance), 1.5, 2 and 2.5 times of the
maintenance requirements. The sheep were fed twice daily (08 and 14 h) a diet containing 600 g/kg concentrate and 400
g/kg forage. Animals were fed these diets 15 days before the experimental periods. Ruminal kinetic parameters were
estimated using the exponential equation of @rskov and McDonald (1979). Nylon bags (which were approximately 6x12
cm, 45um) containing 5 g (2mm screen) of samples were incubated in the rumen for 0, 4, 8, 16, 24, 48 and 72 h. After
incubation times the nylon bags removed and washed in tap water until the water remained clear. There were four
replications per treatment (FL). The rate and extent of dry matter (DM) degradation were estimated according to the
equation: P =a+b (1 — e). The experiment consisted of four periods. During the first period, the ruminal degradability of
concentrate samples as measured at maintenance level of intake in all four animals, and during the second, third and fourth
periods, respectively, the ruminal degradability calculated at 1.5, 2 and 2.5 times of maintenance. Data were analyzed using
the general linear models procedure of SAS (1996). When a significant difference was found, means were separated using
Duncan test. Differences were considered to be significant if P<0.01.

Result table 1 shows that feeding level had a significant effect on in situ DM degradation characteristics. The increase of
feeding level induced a decrease in the value of a, b and effective degradability (ED) (p<0.01). Both the fraction b and ED
were significantly (p<0.01) higher for the FL=1 than for other treatments.

Table 1 Influence of feeding level on ruminal kinetic of DM of canola meal and soybean meal

Intake' a b c PD(%) ED (%)
Canola meal
1 35.0° 47.8° 0.044¢ 82.9° 68.0°
1.5 36.8° 45.1° 0.041¢ 81.9° 67.2°
2 33.3° 433°¢ 0.064° 76.6° 66.3°¢
2.5 32.5° 39.8¢ 0.070° 72.3°¢ 63.5¢
Signiﬁcance kk Kk skk Kk kk
SEM 0.45 0.72 0.003 1.03 0.43
Soybean meal
1 35.9° 61.5° 0.034° 97.5° 74.6°
1.5 30.9° 64.5° 0.044° 95.4° 753°
2 35.8° 53.1°¢ 0.037° 88.9° 70.4°¢
2.5 31.2° 52.2¢ 0.045° 83.4¢ 67.4¢
signiﬁcance k% k% kk k% k%
SEM 0.29 0.27 0.0004 0.24 0.22

1: Multiple of maintenance requirement
a: soluble fraction (%); b: insoluble but potentially degradable fraction (%); c: fractional rate of degradation (h-1); PD:
Potential of degradation; ED: Effective degradability

Conclusion As expected, an increased FL resulted in a decreased potential of degradation. We concluded that the b fraction
of canola meal and soybean meal decreases with increasing FL. The results of this experiment also indicate an important

effect of FL on other degradability parameters “a” and “c”. Therefore, altering energy intake plays a major role in
digestibility of forages, so feeding level should be considered in feed evaluation systems and feed formulation.

References

Orskov, E. R., McDonald, 1. 1979. The estimation of protein disappearance in the rumen from incubation measurements
weighted according to rate of passage. Journal of Agricultural Science, Cambridge 92, 499-503.

Vanzant E. S., Cochran, R. C., Titgemeyer, E. C. 1998. Standardization of in situ techniques for ruminant feedstuff
evaluation. Journal of Animal Science, 76, 2717-2729.

https://doi.org/10.1017/52040470010001731 Published online by Cambridge University Press


https://doi.org/10.1017/S2040470010001731

031

In situ dry matter digestion of different fodder tree leaves in Pakistan
A S Chaudhry, M R Virk, U B Cheema

Newcastle University, Newcastle upon Tyne, United Kingdom

Email: drriazvirk@yahoo.co.uk

Introduction An insufficient supply and quality of nutrients is a major hindrance to ruminant production in Pakistan. The
feed balance sheet reveals that available feed resources provide < two third of the total requirements of crude protein and
total digestible nutrients respectively for ruminants. The area under fodder production is continuously reducing indicating
high pressure on land for cash crop production. There was a dire need to explore new feed resources such as fodder tree
leaves which may supplement the existing feed resources for ruminants and can help to bridge the gap between the demand
and supply of nutrients. Tree leaves can be a rich source of supplementary protein, vitamins and minerals to enhance the
microbial digestion of ruminant feeds (Singh et al., 1989). The present study was designed with the objective that fodder
tree leaves can help to bridge the gap between the demand and supply of nutrients for ruminants. As there was little
information about the nutritive value of fodder tree leaves, the present study determined the nutritional values of selected
fodder tree leaves for ruminants by using the in sifu digestion method.

Materials and methods Leaves of Morus alba, Acacia nilotica, Ziziphus jujube, Szegium cumunii, Melia azedarach,
Leucaena leucoephala, Albizzia procera and Magnifera indica were collected from two different areas of Pakistan.
Composite samples of leaves were prepared and a mature ruminal cannulated buffalo bull (350 kg) was used to study in situ
digestion kinetics of tree leaves. The bull was fed a blend of berseem fodder and a concentrate along with tree leaves to
meet its nutritional requirements. The experiment lasted for 35 days with initial 10 days for adjustment and the next 25
days for the data collection. Nylon bags measuring 10%23 cm with an average pore size of 50 um were used to determine
digestibility, rate of disappearance (Rate), lag time and extent of digestion (Extent) of DM. The bags containing leave
samples were placed in the rumen in a reverse sequence for 0, 3, 6, 12, 24, 36, 48 and 72 h of incubations. All bags were
removed at the same time to reduce variation associated with the washing procedure. For each time point, there were 3 bags
where two bags were used for determining the digestion kinetics and one bag served as a blank. After removal from the
rumen, the bags were washed in running tap water until the rinse was clear. These bags were dried in an oven at 60°C for
48 h and weighed. The residues from these bags were collected to estimate the disappearance of DM (DMD) at each time.
The DMD values were then used to estimate Lag time, Rate, Digestibility (DMD at 48 h) and Extent (DMD at 72 h) of
digestion. The data were analyzed by using analysis of variance in a completely randomized design and means were
compared by using the least significant difference test using SPSS software package.

Result Dry matter digestion kinetics are presented in Table 1. The DM digestibility at 48 h was highest (90.2%) for Morus
alba and lowest (54.8%) for Szegium cumunii. The lag time was shortest for Acacia nilotica and greatest for Albizzia
procera. The differences in lag times indicated that forages differed in their rates of hydration (Mertens, 1973). The rate of
disappearance was highest for Acacia nilotica and lowest for Szegium cumunii (Table 1). Extent of digestion at 72 h of
incubation was lowest for Magnifera indica and highest for Morus alba. Following the entry of plant material into the
rumen, microbial colonization may have varied due to the inherent variations in the cell wall composition of these tree
leaves.

Table 1 /n situ dry matter digestion kinetics of fodder tree leaves

Name of tree Digestibility(g/kg) Lag time (h) Rate (%h) Extent (g/kg)
Morus alba 902" 0.76° 5.43¢ 983?
Acacia nilotica 656 0.63° 6.38" 664¢
Melia azedarach 784" 0.66% 5.71¢ 802"
Albizzia procera 578¢ 0.94" 4.86 775"
Magnifera indica 558¢ 0.69¢ 597 572°
Szegium cumunii 548¢ 0.82" 5.34¢ 6041
Leucaena leucoephala 564¢ 0.73¢ 5.77¢ 582°¢
Ziziphus jujube 652° 0.71¢ 5.82¢4 679¢
Standard error 24.8 0.02 0.09 27.2

Means within a column with the same superscripts are not statistically significant (p<0.05).

Conclusion The DM digestion kinetics of fodder tree leaves indicated that they can be fed to ruminants. Additionally,
Morus alba is considered the best among the tree leaves evaluated due to its high DM digestibility and it should therefore
be able to meet the maintenance requirements of forage consuming ruminants.
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Introduction Various models are used to describe the degradation of feeds in the rumen. The use of a particular model in
fitting a degradability data set and estimating the degradability parameters implies the model goodness-of-fit has been
examined holistically, otherwise the validity of estimated parameters may be controvertible. There are different statistical
tests for ranking and evaluating models and sometimes results from these different tests seem contradictory, so an overall
assessment is needed in this situation. In this study, the goodness-of-fit of three models were evaluated using a single test,
the number of runs of sign of residuals, when fitting whole soybean ruminal degradability data.

Materials and methods DM and CP degradability data of two Iranian soybean cultivars (Sahar and Williams) as raw,
roasted and steep-roasted (6 feeds in total), which was recorded at fixed incubation periods (1, 2, 3, 4, 8, 16, 24, 36 and 48
h) for each feed and yielded a total of 6 disappearance curves, were used in this study. The evaluated models were: a
segmented model with three spline-lines delimited by two nodes or break points, constraining splines 1 and 3 to be
horizontal asymptotes, and follows zero-order degradation kinetics (model I); a simple negative exponential curve with first
order kinetics and assuming a constant fractional rate of degradation (model II); and a rational function or inverse
polynomial which assumes a variable fractional rate of degradation that declines with time (model III). The models were
fitted to the DM and CP ruminal disappearance data by nonlinear regression using the PROC NLIN of the SAS (SAS,
1999) to estimate ruminal degradation parameters. The number of runs of sign of the residuals was calculated as Motulsky
and Ransnas (1987). A run is a sequence of residuals with the same sign (positive or negative). For this test, the average
residual of replicate observations was used for each incubation period.

Results All models could be fitted to the data using PROC NLIN of SAS, as convergence to a solution occurred in all cases
and the degradability parameters could be estimated. The number of runs of sign of residuals was different (Table 1) for the
three models. Model III gave a high percentage of curves with three or fewer runs (for both DM and CP components)
indicating the residuals were not randomly distributed over the incubation times and this model was not as good as the
other two for fitting these particular data.

Table 1 Percentage of curves (both DM and CP) for each number of runs of sign of the residuals observed when fitting

each model
Number of runs of sign Model I Model II Model III
DM CP DM CP DM CP
<3 0.0 0.0 0.0 0.0 66.7  66.7

0.0 0.0 0.0 0.0 16.7 333

16.7 1677 167 333 16.6 0.0

66.7 167 167 167 0.0 0.0
7 16,6 666 66.6 50.0 0.0 0.0

I\/O\(Jl-h

Conclusion The results of this study showed that all three models could to describe the degradability data without
systematically over- or underestimating any section of the DM and CP degradability curves and the number of runs of sign
of residuals test could be a useful statistical test as other statistical criteria (R-square, Bayesian information criteria and
lack-of-fit test, data are not shown) for assessing and ranking models.
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Introduction Feeding behaviour and performance of individual piglets is highly variable immediately post weaning
influenced by many factors such as litter size and weaning weight with some studies concluding that heavier piglets take
longer to establish eating than smaller piglets (Brunninx et al. 2001). The variation in piglet performance post weaning is
of significant importance to the pig industry. Lawlor e al. (2003) stated that the benefit from a choice of weaner foods
could be the reduction in pen variation as the individual requirements of each piglet would be more effectively catered for.
Indeed, Lawlor ef al. (2003) observed that larger piglets selected a less nutrient dense diet when provided with a choice.
Food choice experiments have shown that pigs are capable of selecting a diet which is appropriate to their nutritional needs
(Morgan et al. 2003). This experiment aimed to test the hypothesis that body weight at weaning has an effect on the
feeding behaviour of piglets immediately post weaning and the food selection for two different levels of lysine.

Materials and methods 136 piglets (JSR Healthbred) were weaned at 26.9 +0.92 (s.e.m.) days of age into 34 flat deck
pens (4 pigs per pen). Piglets were assigned at weaning to four weight categories: small (6 kg: 5.9 kg + 0.48), medium (8
kg: 8.1 kg + 0.36), large (10 kg: 9.9 kg + 0.25) or mixed weight (control (1 small, 2 medium and 1 large piglets): 8.1 kg +
1.48). Pen groups were balanced for sex and litter origin. Piglet feeding behaviour was constantly recorded by a multi-
spaced feed recording system (Leeds University Feeding Behaviour System (LUFBS)) in each pen. Piglets were identified
by LUFBS using an individual transponder ear tag. Each pen of four piglets was offered ad-libitum access to feed (16.45
MJ DE) in two troughs per pen. The control group was offered a control food in both troughs (1.55 g lysine/kg). The
small, medium and large groups were offered a choice of two foods, one food in each of two troughs per pen. The two
foods differed in their lysine level: Low Lysine (LL: 8 g lysine/kg) and High Lysine (HL: 18 g lysine/kg). Piglets were
weighed at weaning and at d7 and d14. The experiment ran for 14 days. Preference for one food was defined as being
significantly different from 50% of total feed intake. All data were analysed using the GLM procedures of SPSS 16.

Results Table 1 shows the performance, feed intake and HL intake and proportion during the experimental period. There
was no difference between any of the performance measures of the four weight groups in either week. Large, medium or
small piglets did not choose different levels of dietary lysine. Mixed piglets with no choice had the same performance as
sized piglets with a choice. Large piglets had the same latency to start eating as all other weight groups post weaning,
although smaller piglets were faster to initiate feeding than both the medium and the mixed groups (P<0.05). Figure 1
shows the weekly food choice selection by all piglets. There was no difference between the intake of either of the two
foods and 50% of total intake concluding no preference for either of the foods overall.

Table 1 Individual ADG, ADFI, FI and HL FI data for large (L), medium (M),

small (S) and mixed (X) weight treatments. mHE O
(n=34) L s.e.m. M s.e.m. S s.e.m. X sem. P 7.0
Week 1 6.0 - s
ADFI (g/d) 203 21.7 217 236 190 207 169 217 NS ‘ ]f
ADG (g/d) 177 26.7 160 29.0 169 25.5 134 26.7 NS B 5.0 -
FCR 131 0.266 173 0.289 118 0.254 0.92 0266 NS < 40
FI (kg) 5.81 0.578 5.87 0.622 5.26 0.604 470 0.630 NS = -
FIHL (kg) 2.64 0.324 278 0350 227 0339 % * NS § 30 IS
FIHL (%) 39 (08-77)° 38 (06-78) 43 (09-81) * * NS > 50|
Week 2 ’
ADFI (g/d) 456  28.0 444 303 379 266 375 279 NS 1.0
ADG (g/d) 382 23.3 38.1 253 315 222 343 23.3 NS 0.0 -
FCR 1.26 0.085 1.21 0.093 1.23 0.082 1.11  0.085 NS Week 1 Week 2
FI (kg) 11.53  0.725 11.23  0.781 9.40 0.758 929 0.791 NS
FIHL (kg) 526  0.689 584 0.745 464 0723 * * NS N Figure 1 Weekly pen feed intake
FI HL (%) 34 (24-48) 46 (34-52) 46 (35-57) * * NS
per food (kg).

Proportional means are reported with a 95% confidence interval rather than s.e.m.

Conclusion Latency to first feed was influenced by body weight at weaning, with smaller piglets eating sooner than
medium and mixed piglets, supporting our hypothesis that body weight would influence post weaning feeding behaviour.
However, the latency of larger piglets was not different to the other weight categories. Additionally, the growth
performance of each weight group did not differ and there was no difference in the feed intake or the proportion of each of
the two feeds consumed in either week giving no indication of selection for a dietary requirement. There also appeared to
be no disadvantage to single feed over a choice, with control pigs performing the same as choice fed pigs. Piglet variation
in the immediate post weaning period warrants further research.
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Introduction McCann et a/ (2009) reported that glycerol inclusion lowered the growth rate of pigs and that there was a
tendency for feed conversion to become less efficient as glycerol inclusion increased. These findings suggested that the
digestible energy (DE) content of glycerol is lower than that from a starch source such as wheat. There has been very little
work conducted on the nutritive value of glycerol for pigs and the aim of this trial was therefore to investigate the effect of
increasing glycerol inclusion on nutrient utilisation in finishing pigs.

Materials and methods Four experimental diets were offered to 24 Landrace x Large White boars (45kg) housed in
individual metabolism crates for 14 days (7 days pre-feed and 7 days total collection of urine and faeces). The experimental
diets contained 0, 40, 80 and 120g/kg crude glycerol and were formulated to be isoenergetic and isonitrogenous (15.8MJ/kg
dry matter (DM) DE and 10.8g/kg DM lysine). The crude glycerol contained 850g/kg glycerol and DE content was
assumed to be 15.8MlJ/kg (fresh basis). The basal diet contained (g/kg) wheat 437, barley 300, soyabean meal 227,
vegetable oil 13.6, limestone 9, dicalcium phosphate 3, salt 4.1, lysine 0.8 and minerals and vitamins 5. Glycerol replaced
wheat in the diet formulation. Diets and faeces were analysed for DM, crude protein (CP), lipid (oil procedure B) energy
and neutral detergent fibre (NDF) to determine nutrient digestibility and dietary DE content.

Results There was a significant quadratic effect of glycerol inclusion on DM, CP and energy digestibility and on dietary
DE content (Table 1). Glycerol inclusion at 40 and 80g/kg improved DM, CP and energy digestibility and DE content
relative to the control diet but there was no difference in nutrient utilisation of the diets containing 0 and 120g/kg glycerol.
According to quadratic regression statistics for DE content, the optimum inclusion rate of glycerol was 74g//kg. Actual
dietary DE content of the control diet was lower than the formulated DE content (15.4 vs. 15.8MJ/kg DM) and DE contents
of the diets containing 40 and 80g/kg glycerol were higher than the control diet.

Table 1 The effect of glycerol on nutrient utilisation

Og/kg 40g/kg 80g/kg 120g/kg SEM P P=LIN  P=QUAD
DM digestibility 0.852° 0.871° 0.868° 0.855" 0.0038 <0.01 NS <0.001
CP digestibility 0.839%° 0.859" 0.861° 0.826 0.0077 <0.05 NS <0.01
Energy digestibility 0.850" 0.868° 0.867° 0.855% 0.0042 <0.05 NS <0.01
Lipid digestibility 0.719 0.725 0.724 0.713 0.0093 NS NS NS
DE (MJ/kg DM) 15.44° 15.83° 15.85° 15.73% 0.076 <0.01 NS <0.01

Conclusions The results indicate that glycerol inclusion at 40 or 80g/kg improves nutrient utilisation but inclusion at
120g/kg does not. This quadratic effect may be because of saturation of glycerol kinase by glycerol at the higher inclusion
level, thus preventing glycerol being metabolised and representing an energy cost to excrete the excess glycerol
(Doppenberg and van der Aar 2007). This theory is supported by the findings on pig growth reported by McCann et al
(2009) who found that glycerol inclusion at 120g/kg had a negative effect on liveweight gain. The lower than expected DE
content for the control diet indicates that the DE content for the basal ingredients were overestimated in the formulation
matrix and the higher than expected DE content for the diets containing glycerol suggests that the assumed value for
glycerol DE content was underestimated. The improvement in DE content over the control diet, at lower levels of glycerol
inclusion, is in line with effects observed in broiler studies (Griffiths and McCann 2009) and it can be concluded that
glycerol may be a useful source of energy for finishing pigs. The maximum inclusion rate of glycerol to optimise dietary
DE content was found to be 74g/kg.
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The effect of feeding genetically modified Bt maize (MON810) for 30 days on weanling pig

growth performance organ weights and organ histopathology
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Introduction Genetically modified (GM) crops are now being used more frequently as animal and human food, with maize
currently the second most cultivated transgenic crop (James, 2008). An ongoing debate exists as to whether transgenic
plants have the same nutritional value as their conventional counterparts and as to the safety of GM organisms for human
consumption (Aumaitre et al., 2002). The objective of the present study was to investigate the effect of feeding the insect
resistant MONS810 maize for 30 days on weanling pig growth performance, organ weights and organ histopathology.

Materials and methods Thirty two crossbred (Large White X Landrace) weaned pigs (entire males) were used in a 31 day
experiment to investigate the effects of feeding GM maize (Bt maize — Pioneer, MONS810) on pig growth performance,
organ weight and organ histopathology. The pigs were weaned at 28 days of age, blocked by weight and ancestry and
randomly assigned to one of two treatments. The treatments were: GM maize (Pioneer PR34N44 event MONS10) or the
non-GM isogenic parent line (Pioneer PR34N43) at 38.8% of the diet. Following weaning the pigs were given a baseline
adjustment period of 6 days, during which they were provided with ad-libitum access to a non-medicated non-GM starter
diet. The pigs were individually penned in a total of four identical climate controlled rooms with 8 pigs per room (16
pigs/treatment). Each treatment group was equally represented in each room to avoid a room effect. Individual body weight
and feed disappearance were recorded on d 0, 7, 14, 21, 28 and 31 of the study where d 0 was the first day on which
experimental diets were fed. Feed was available until weighing and any waste or uneaten feed left in the feeders was dried
and recorded. The pigs were slaughtered on day 31 and internal organs (heart, kidneys, spleen and liver), devoid of all
blood clots and/or fat deposits, were removed from the carcass, weighed and sampled for histopathological analysis.
Statistical analysis was performed using the GLM procedure of SAS and organ weights were analysed with final body
weight included as a covariate in the statistical model. For all response criteria, the individual pig was the experimental
unit.

Results Overall, pigs fed the GM maize diet tended to have higher (P=0.11) daily gain, significantly higher feed intake
(P<0.05) and tended to be heavier (P=0.11) than pigs fed the non-GM maize diet (Table 1). The weight of the heart, liver
and spleen did not differ between treatments (P>0.05). However, pigs fed GM maize had heavier kidneys than control pigs
(P=0.05; Table 1).

Table 1 The effect of feeding Bt Maize (MONS810) on weanling pig growth performance and organ weights

Non-GM Isogenic Maize ~ GM Maize SE P-value
Final body weight (kg) 24.7 26.0 0.56 0.11
Daily gain (g/d) 576 620 18.2 0.11
Feed intake (g/d) 697 770 229 0.03
Feed conversion efficiency (g/g) 1.22 1.24 0.015 0.28
Kidneys weight(g) 145.2 161.0 4.52 0.05
Spleen weight (g) 47.5 543 2.71 0.14
Liver weight (g) 690.0 665.3 17.98 0.38
Heart weight (g) 133.3 142.2 3.96 0.18
Table 2 Chemical analysis of the experimental diets
Diet Dry matter (g/kg) Crude Protein (g/kg) Oil (z/kg) Crude Fibre (g/kg)  Ash (g/kg) DE (MJ/kg )’
Non GM maize 894 209 61 21 55 15.50
GM Maize 892 211 59 19 56 15.46

T Digestible energy (DE) was calculated using equation 22 of Noblet & Perez (1993)

Conclusions The difference in feed intake between treatments could not be explained by differences in chemical analysis
of the diets (Table 2) or by mycotoxin or pesticide residue in the maize as these were found to be below minimum
detectable levels. The difference in kidney weights found may indicate an adverse effect on kidney function, however, no
indicators of kidney damage were found following histopathological examination. The difference in kidney weights found
here are contrary to findings of a subsequent longer term feeding experiment conducted at our centre, which have shown no
treatment effect on kidney weight.
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Introduction With increasing sow prolificacy, it is now not uncommon for batches of sows to farrow litters of 13+ with the
expectation that 11+ piglets are weaned. Shunt fostering and artificial rearing are traditional techniques for managing large
litter sizes, however they come with inherent problems of utilisation of labour and resources particularly in batch
management systems. The sow’s ability to produce a sufficient quantity of milk to sustain these litters in late lactation and
the competition at the udder for teat space in early lactation has led to a renewed interest in systems where all piglets have
access to milk replacer ad-lib from birth.

Materials and methods A total of 120 litters over 5 batches were used. The 3 treatments were supplementary milk being
available from birth (M0) or day 7 (M7) or no supplementary milk (NM). There was no creep feed available on any
treatment prior to weaning at 24.8 days (sd1.66), and pigs were monitored to 29 days post weaning. The milk replacer was
a blend of whey protein powder, vegetable oil, minerals and amino acid supplements (CP 22%, Oil 14%, Lysine 2%). It
was mixed daily (150g/litre) and unused milk weighed back. The multiparous sows were allocated randomly to the
treatments and were balanced by parity, breed and room. Dam breed types were PIC (Cam 23 Dx(LWxLR)) and JSR
(Gene Packer 90 LWxXLR). Lactation management followed the standard procedures. Fostering was undertaken within
treatment and within 24 hours post farrowing. Imbalances in birth litter size were eliminated at fostering such that the
overall treatments were not compromised by pregnancy variations. Housing was standard part slatted farrowing crates and
fully slatted flat deck accommodation. The sows were fed a 17.5% CP ration on a standard feeding scale as determined by
litter size. Postweaning 4 diets were fed in a commercial regime. Data was subjected to ANOVA using Genstat software
(version 12).

Results The average number of pigs born alive was 12.24 (sd 3.14) and there were no significant treatment differences in
the number that died between birth and fostering. Table one shows how piglet losses after week 1 were almost eliminated
resulting in significantly higher numbers weaned in the milk treatments. Milk consumption was 0.5 1/d until day 14 and
rose to 2 1/d/litter at weaning. Total consumption was 3.6kg of milk powder /litter. There were no significant treatment
differences in post weaning performance. There was an indication that sow condition was improved in the milk treatments,
however, there was no observable effect on subsequent conception rates.

Table 1 The effect of supplementing piglets with milk during lactation on performance

No Milk Milk from Milk fromday 7  Sed sig
farrowing (max)

Number of litters (n) 38 40 42

Number post fostering 11.36 11.39 11.47 0.254  0.897
Total Litter weight post fostering 16.97 16.72 16.29 0.6143 0.529
Average weight post fostering (kg) 1.50 1.47 1.43 0.055 0.447
Number died fost - week 1 0.62 0.59 0.78 0.212  0.590
Number died/removed Week 1-Weaning 0.673* 0.096 ° 0.355° 0.156  0.002
Number weaned 10.05° 10.71° 10.33 % 0.244  0.029
Total litter weight at weaning 78.82 79.11 79.45 2.925  0.976
Mortality Fostering —-Weaning % 10.69 5.84 9.58 2.091  0.054
DLWG Wean — 29 days post wean (g/d) 376 359 364 17.9 0.702
Sow weight loss inc. pregnancy (kg) 30.1° 23.4° 27.3% 2.659  0.045
P2 Loss (mm) 5.02 3.59 4.94 0.714  0.081

Parity analysis number weaned  Sow (n) 9.7"  (15) 10.8°  (15) 1037 (12) 0.4202 0.029
Gilt (n) 10.22  (23) 10.6  (25) 10.3 (30)
Means with different superscripts (a,b) are significant P<0.05

Conclusions Providing milk ad-lib from farrowing increased numbers weaned by 0.65 pigs per litter. The main reduction
in mortality is seen where high numbers born fade through poor nutritional support through lactation. Introduction of milk
at day seven is less effective at delivering the benefits. Overall post weaning performance has not been shown to improve
using supplementary milk. There is an indication that the milk treatment lightens the demand on the dam. The beneficial
effects of using the milk line are greater in sows compared to gilts. Performance variance within litter has not been shown
to be affected by milk treatment.
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Introduction Low quality forages (LQ), like cereal straws, are the main basal feeds for ruminants in developing countries.
However, animal production is low when ruminants are reared on nutrient deficient LQ as the main diet. To get more
production from ruminants it is necessary to enhance the utilization of these LQ which could be achieved by using small
amounts of high quality forages (HQ) as supplements with LQ. This study compared the effect of incubating in vitro
different amounts of various HQ with LQ on the DM degradability (IVD) and fermentation (e.g. ammonia) profiles of rice
straw (Straw) and grass hay (Hay) as LQ.

Materials and methods A 3x4x2 factorial arrangement in duplicate was used to assess the effect of 3 supplements (rye
grass=RG@, silage=Si and rape seed plant=RP) each at four levels of 0, 250, 500 and 750 mg/g DM on IVD and ammonia
(AL) of 2 LQ (Straw and Hay) during 96h of in vitro incubations. Rumen fluid (RF) was obtained from 2 fistulated sheep
just before feeding, strained through a cheese cloth, and then it was mixed with a pre-warmed buffer at 1:4 ratio to prepare
inoculum. The incubations of forages were conducted in 50-ml polypropylene tubes containing 0.4g of ground LQ to which
relevant HQ were added according to the experimental design but by enclosing these HQ individually in small polyester
bags (45u). These bags permitted the mixing of solubles but not the HQ with LQ and so helped observe the IVD of LQ
without their direct mixing with HQ. About 40 ml of the inoculum was added under CO, to each tube which was sealed
with a rubber stopper containing pressure release valve and incubated at 39°C for the pre-determined times. After
incubation the tubes were submerged in ice to stop fermentation. The liquids and residues were separated by centrifuging
the tubes at 3000 rpm for 10 minutes. The residues were washed with distilled water and dried at 60°C for 48h to determine
IVD. The supernatants were acidified with IN HCI and analysed for AL by using a colorimeter at 660 nm. The IVD and
AL data were analyzed by using the General Linear Model of Minitab to study the main effects of LQ, HQ and HQ level=S
and their interactions at P<0.05 for the [IVD and AL.

Results Main effects of LQ, HQ and S were significant (P<0.003) for IVD and AL. However, due to some significant
(P<0.05) interactions between these variables, the mean IVD and AL for each treatment combination are shown in Table 1.
IVD was higher for Hay than Straw with all HQ. Mean IVD of LQ was higher with RG than other HQ where IVD
increased with RG and Si but reduced with RP for Straw but not for Hay, hence LQ x HQ interaction (P<0.002). While
IVD of both LQ did not increase with the increase in HQ after 250 mg , AL continued to increase with increase in HQ from
0 to 500mg. In fact AL was significantly (P<0.001) higher for Hay than Straw and it was highest with 500 mg RP than

other HQ.
Table 1 Effects of different level of HQ on the mean IVD and AL for LQ after 96h of incubation
LQ HQ IVD (g/kg) AL (mg/L)
Amount of HQ (S) (mg/g) LQ Amount of HQ (S) (mg/g) LQ
0 250 500 750 0 250 500 750
Straw  RG 607 666 656 652 92 165 187 188
RP 604 583 567 563 96 175 209 205
Si 608 633 625 562 93 135 155 168
Hay RG 740 765 756 675 124 167 210 212
RP 732 738 721 740 120 173 225 220
Si 725 808 753 761 128 163 181 182
Pooled SEM 11.1 5.97
P <for LQ, HQ, S LQ=0.001;HQ=0.002; S=0.003; LQ=0.001;HQ=0.001;S=0.001;LQxHQ=0.3;
LQxHQ=0.002; LQxS=0.8; HQxS=0.09; LQxS=0.07; HQxS=0.001; LQxHQxS=0.5

LQxHQxS=0.02

Conclusions The effect of HQ on IVD and AL varied with the type and level of HQ and the LQ during in vitro incubation
for 96h. While RP showed negative effect on IVD of LQ, other HQ showed maximum IVD at 250 mg. Possible
antinutritional factors in RP might have affected the microbial activity which resulted in reduced IVD of LQ. Conversely,
more crude protein might have increased AL when HQ were used at higher levels RG and Si can be used as supplements to
increase the utilization of LQ but their amounts needs to be optimised in association with the target LQ
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Introduction Nutrition in late pregnancy influences lamb weight at birth and at weaning. Each 1 kg increase in lamb birth
weight increases weaning weight by 3.2 kg to 3.4 kg (Keady and Hanrahan, 2009a,b). Previous studies (Keady and
Hanrahan, 2009c, d) have shown that increasing silage feed value increases the weight of ewes at lambing and of their
lambs at weaning. Keady and Hanrahan (2009c) reported that, when offered to pregnant ewes, high feed-value silage
(FVS) supplemented with 5 kg concentrate produced lambs of similar birth and weaning weights as ewes offered medium
FVS supplemented with either 15 or 25 kg concentrate. Furthermore Keady and Hanrahan (2009c) reported that when
concentrate level was increased from 15 to 25 kg/ewe in late pregnancy silage feed value did not affect lamb birth or
weaning weights. The aim of the present study was to quantify the production responses of prolific ewes when offered
diets containing either medium or high FVS supplemented with a range of concentrates in late preganacy. The effect of
silage feed value on potential concentrate sparing effects was also calculated.

Materials and methods High (H) and medium (M) FVS’s were ensiled precision chopped on 12 May and 14 June
respectively treated with a bacterial inoculant, following a 24 h wilting period. The H silage was supplemented with either
5, 15 or 25 kg concentrate whilst the M silage was supplemented with either 15, 25, 35 or 45 kg concentrate during late
pregnancy. The 7 treatments were offered to 112 ewes (Belclare x S. Blackface, Charmoise x S. Blackface) balanced for
breed and age, and were allocated at random. The ewes were housed on slatted pens in groups of 5 and offered the silages
ad libitum from 8 December until lambing in early March. Ewes rearing singles and twins were grazed at pasture and
received no concentrate supplementation. Ewes rearing triplets received 0.5 kg concentrate daily for 5 weeks post lambing
and their lambs had access to 300 g concentrate/head daily until weaning at 14 weeks of age. The data were analysed using
Proc GLM for ewe traits, and Proc MIXED for lamb traits with ewe as a random term. Orthogonal contrasts were used to
partition the effect of concentrate level into linear and quadratic components within each silage type.

Results The mean dry matter (DM) and metabolisable energy concentrations and DM digestibility for the H and M FVS’s
were 257 and 248 g/kg, 11.4 and 10.5 MJ/kg DM and 740 and 660 g/kg, respectively. The effects of silage feed value and
concentrate level on animal performance are presented in Table 1. Increasing concentrate feed level with the medium FVS
linearly increased ewe condition and weight post lambing and lamb birth weight. Increasing concentrate level with the
high FVS tended (P=0.06) to increase ewe condition post lambing. Ewes offered the high FVS had significantly higher
condition and weight post lambing. Concentrate level offered with the high FVS did not alter ewe live weight post lambing
or lamb birth weight. Whilst there was no significant interaction between silage feed value and concentrate level at the 15
and 25 kg feed levels, regression analysis, using individual animal data, suggested different relationships for lamb birth
weight and concentrate level for each silage feed value as follows:

High FVS: Lamb birth weight (kg) =4.74 + 0.015 (s.e.0.0136) x

Medium FVS:  Lamb birth weight (kg) = 4.54 + 0.019 (s.e. 0.0088) x (P <0.05,R*=0.07)
where x = concentrate feed level in late pregnancy (kg). Consequently ewes offered the high FVS supplemented with 5, 15
and 25 kg concentrate produced lambs of similar birthweight as the medium FVS supplemented with 14, 22 and 30 kg
respectively.

Table 1 Effect of grass silage feed value on concentrate feed level on animal performance

High feed values Medium feed value Contrasts
silage (H) silage (M) Hv Conc level linear

Conc (kg) 5 15 25 15 25 35 45 se M H M
Post lambing -condition 3.43 3.65 3.80 3.10 330 3.52 3.80 0.139 ¥EEk - P=0.06 F**

-weight 68.8 69.3 72.0 653 663 667 723 1.95 * NS *
(kg)
ingmbweight (kg)-birth 48 50 5.1 47 52 54 53 021 NS NS *

-weaning  30.7 31.3 322 31.0 31.6 302 33.0 0.85 NS NS NS
Gain-birth-weaning (g/d) 267 272 281 271 275 258 288 7.8 NS NS NS

Conclusions Increasing silage feed value and concentrate feed level increased ewe condition at lambing. In terms of lamb
birth weight the concentrate sparing effect of the high FVS supplemented either 5, 15 and 25 kg concentrate was 9, 7 and 5
respectively.
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Introduction In most of the semi-arid regions of the world such as Iran, animal feed production is difficult and farmers
have to use some alternative feedstuffs such as sorghum to reduce feeding costs. In many cases a problem in utilization of
these alternative feeds is the presence of anti-nutritional factors such as condensed tannins found in them (Kumar &
Vaithiyanathan, 1990). Dietary tannin can restrict intake (Terrill e al., 1989) and reduce overall weight gains by livestock
(Turner et al., 2005). The aim of the present study was to investigate the effects of replacing dietary barely with different
levels of sorghum on lamb performances.

Materials and methods Sixteen Ghezel xArkhar-merino crossbred male lambs with live weights ranging from 34 to 55 kg
(46+5.8) were used in the experiment. Experimental animals were kept at Research Farm of Tabriz University. Each pen
was including four animals that were randomly assigned to one of the four dietary treatments (Table 1) in a completely
randomized design (CRD) assignment. Animals were adapted for 3 weeks before starting main experiment. Each pen was
provided with a food trough and a water container, and food was offered two times daily. During the 60-d feeding trial,
body weight was recorded on individual animals at the 20 d interval and used to adjust feed intake. Live-weight gain was
calculated from 12 h fasted weights taken at the start and end of each weighting. Total tannin was measured by method of
Makkar (2000).Experimental treatments didn't balance for the initial weight at the beginning of the study, so we used initial
weight of lambs as a covariate. Feed intake and weight gain data were analyzed using the general linear model of the
Statistical Analysis Systems (SAS, 1999).

Table 1 Experimental rations compositions

Treatment A B C D
Alfalfa hay 20 20 20 20
Barley grain 80 20 10 0
Sorghum grain 0 60 70 80
Crude protein (%) 12.27 12.33 12.34 12.35
Total tannin from sorghum (%) 0 0.588 0.686 0.784

Result The results of experiment indicated that there was significant difference in final weight between treatments A and
B, but when we used initial weight as covariate, didn't find any significant effect of dietary treatments on dry mater intake,
average daily gain and feed conversion ratio (Table 2).

Table 2 Effect of dietary treatments on dry matter intake, weight gain and FCR

Tratment A B C D

Dry matter intake(kg/day) 3.1+0.2 3.440.3 33+0.3 2.8+0.2
Final weight(kg) 58.1+1.4° 62.7+1.1° 59.7+1.1°  58.4+1.4®
Total weight gain (kg) 11.1£1.1 15.4+1.3 14.2+1.4 12.5+1
Average daily gain(kg) 0.19+0.02 0.24+0.02 0.22+0.02 0.2+0.02
Feed conversion ratio 13.3+1.9 11.8£1.6 13.4£1.5 14.1+£2

Mean values with different superscripts (a and b) within a row differ significantly (P < 0.05).

Conclusion The results of present study showed that using of different levels of sorghum in finishing lamb's diets can not
affect their performances. May be the low number of experimental units affected the accuracy of the results so it is
necessary to use more animals in each treatment.
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Introduction It is recognised that advanced maturity in forage like cereal straws was associated with high contents of
detergent fibres, lignin and detergent insoluble N which can reduce the utilisation of these straws by ruminants. While urea
treatments have been known to improve the chemical composition and hence utilisation of straws for ruminants, the extent
of such improvements depended upon the amount of urea, method of its application and the type of a straw. This study
tested the effect of treating wheat straw with different amounts of water (soaking) alone and with different urea levels on
voluntary intake in wether sheep.

Materials and methods Nine bales of approximately 300 kg of wheat straw were chopped (10-15cm), and distributed
manually into 18 polyester silo bags that were individually placed inside the galvanized mesh rings. A replicate 2 x 3
factorial design was used to apply different urea and water levels to prepare three treated straw bags as replicates per
treatment as follows. Water representing 2 soaking ratios (15:1 and 0.50:1) and 3 urea solutions (0, 2.5 and 5%) were
sprayed onto these straws in bags which were compressed to exclude air, sealed and left outdoors for ten weeks. An animal
trial was conducted to compare the voluntary intake of these 6 straws by using 6 similar groups with 6 individual housed
wethers per group over 6 weeks. The wethers were offered ad-libtum the above mentioned straws after their mixing in
small bathes daily with 3% molasses for the first two weeks as an adaptation period, and then for another 6weeks to
observe the straw intake by these wethers. The wethers were also fed 200g of a concentrate plus 20g of a vitamin-mineral
premix per head per day to meet the daily protein and energy requirements of a 40kg adult wether (AFRC, 1993). Straw
samples and their refusals and spillages were collected daily and stored in labelled plastic bags at -20°C for each week.
These samples were thawed, pooled for each treatment per week, dried, ground and analysed to determine their chemical
composition and also to estimate the weekly DM intake of relevant straw per wether. Weekly live-weight (LW) of each
wether was also recorded, but these are not reported in this paper. The data were statistically analysed by using the
Analysis of Variance in Minitab soft ware to compare the effect of soaking, urea and soaking x urea on the weekly DM
intake of these wethers at P<0.05.

Results Only the main effect of urea and soaking treatments on the mean weekly DM intake per weather are shown in
figure 1 and 2 respectively. The graphs give an immediate impression of these treatments.
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Figure 1 Effect of urea levels on weekly DM intake Figure 2 Effect of soaking on weekly DM intake

The DM intake of urea treated wheat straw was significantly increased with the increase in the urea level from 0 to 2.5 or
5% during the first 7 days and last 14 days of this trial (P<0.05). However, the extent of this increase in straw intake with
urea treatments was less than expected and it was not proportionate to the increase in urea from 2.5 to 5%. The DM intake
of straws with low soaking ratio (0.15:1) was considerably higher than the high soaking ratio straw (0.50:1) during the first
28 days (P<0.05) but not in the last 14 days of the trial (P>0.05). This change in the pattern of straw intake in response to
soaking was due to the release of perhaps more soluble nutrients during the rumen fermentation of straw treated at the low
soaking ratio. These soluble could have helped accelerate rumen fermentation and the production of volatile fatty acids
which might have sent signals to the satiety centre to switch off animal’s desire of eating according to the lipostatic theory
of feed intake regulation.

Conclusion It appeared that the urea and soaking treatments can improve DM intake of wheat straw by sheep. However the
extent of increase in DM intake depended upon the level of urea and soaking treatments which need to be optimised in the
future.
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Introduction Several efforts have been made in the past to improve the nutritive value of straw by chemical and biological
means (Sundstel and Owen, 1984). Also numerous work was performed to evaluate the effect of these treatments on the
degradability of cereal straws by using the nylon bag technique (Mehrez and Orskov, 1977). Therefore, the objective of
this study was to investigate the effect of using water for soaking of wheat straw alongside different amounts of urea on the
in sacco organic matter degradability (OMD) of treated wheat straws following their rumen incubations in fistulated sheep
at various times.

Materials and methods Nine bales of approximately 300 kg of wheat straw were chopped (10-15cm), and distributed
manually into 18 polyester silo bags which were individually placed inside the galvanized mesh rings. A replicated 2x3
factorial design by involving 2 water: straw soaking ratios (0.15:1 and 0.50:1) and 3 urea amounts (0, 2.5 and 5%) were
used to prepare 3 treated straw bags per treatment. The relavent amounts of water and urea representing these soaking
ratios and urea treatments were sprayed onto these straws in bags which were compressed to exclude air, sealed and left
outdoors for ten weeks. At opening the silos, sensory tests and chemical composition were determined for all treated and
untreated straws. Representative samples of these straws were dried and ground through 2mm sieve for their use in in
sacco studies using fistulated sheep consuming fixed amounts of grass hay and concentrate at 67:33 ratio. A split-plot in
sacco study using two fistulated sheep (blocks), eight incubation times (0, 6, 18, 24, 48, 72, 96 and 120h), six straw
treatments was completed to determine degradability of these straws induplicate. At the end of each incubation time the
bags were removed from the rumen and washed with cold water until the water was colourless. The bags were dried in an
oven at 60°C for 24h and the un-degraded residues weighed to estimate dry matter degradability (DMD) of each straw. The
un-degraded residues were weighed to estimate dry matter degradability of each straw. The un-degraded residues were
ashed at 600°C to estimate organic matter degradability (OMD). Only the OMD data were statistically analysed for this
paper to compare the effects of soaking, urea and soaking x urea interaction at P<0.05.

Results Only the main effects of the urea and soaking treatments on the mean OMD for each incubation time are shown in
figure 1 and 2 respectively. Urea treatment at either 2.5 or 5% improved the in sacco OMD when compared with the
control (0% urea) at all incubation hours (P<0.001). The higher soaking ratio showed lower OMD than the low soaking
ratio at most incubation hours (P<0.01). Sensory test did not show any visible mould growth for urea and soaked straws
during the 70 days of conservation.
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Figure 1 Effect of urea levels on OMD Figure 2 Effect of soaking OMD

Conclusion: The use of different levels of urea increased OMD at various incubation times, whereas, soaking at 0.50:1
ratio gave lower OMD than the low soaking ratio at most incubation hours. It appears that low levels of soaking may be
more beneficial in improving the effect of urea to enhance the nutritive value of cereal straws for ruminant. Therefore, it
would help if the correct amount of water as a readily available ‘resource’ was used when applying urea to treat cereal
straws to enhance their nutritional quality for ruminant animals.
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Introduction One of the key aims of a profitable beef rearing and finishing enterprise is to make best possible use of
available resources and to adopt rearing/finishing enterprises which are efficient in terms of carcass gain per unit input
costs over the lifetime of the animal. However, with increased emphasis on carbon footprint, it is important that these beef
production systems are also efficient in terms of carbon emissions per kg output. On this basis a study was undertaken to
evaluate the lifetime performance of a range of dairy-origin beef systems and to determine the carbon footprint of each of
the systems.

Materials and methods Two hundred and twelve spring-born calves (Holstein, Angus, Limousin and Belgian Blue) were
sourced from dairy farms from Northern Ireland at 4 weeks of age and allocated to one of four lifetime rearing/finishing
regimes at weaning as follows: (1) Intensive bulls - bulls offered ad libitum concentrates (total concentrate input 2.2 tonnes
(t) DM) (2) Forage/concentrate-based bulls - bulls offered grazed grass in their first summer followed by grass silage plus
concentrates (50:50 ratio on a dry matter (DM) basis) (total concentrate input 1.5 t DM) (3) Medium concentrate input
steers — steers offered grazed grass during the summer and grass silage-based diets during the winter with total concentrate
input of 1.3 t DM (4) Low concentrate input steers — as for (3) but total concentrate input 0.6 t DM. Bulls were
slaughtered at 550 kg live weight and steers at 650 kg live weight. Animal performance (live weight gain and dry matter
intake) was monitored throughout the life of the animal. At slaughter cold carcass weight, carcass conformation and fat
classification and fat depth measurements were taken. Data were analysed using REML Variance Component Analysis
with year, farm of origin, breed, start age and start weight used as covariates. Carbon footprint of each of the systems was
calculated using mean data for each of the systems. Methane emissions from enteric fermentation were estimated using the
methane prediction equation developed by Yan et al (2009); methane emissions associated with manure storage and nitrous
oxide emissions were estimated using IPCC (2006) Tier 1 emission factors; emissions associated with concentrate and
inorganic fertiliser manufacture were taken from Lovett et al (2006) and Edwards-Jones et al (2009) respectively; a carbon
sequestration rate of 1.16 tonnes CO,e/ha/year was used (Natural England 2008).

Results Increasing the proportion of forage in the ration of finishing bulls reduced lifetime liveweight gain by 12%,
increased slaughter age by 42 days and reduced carcass weight by 11 kg (P<0.001). Reducing total concentrate input in
steers reduced lifetime liveweight gain 7% (P<0.01), increased slaughter age by 33 days and reduced carcass weight by 12
kg (P<0.001). The carbon footprint of forage/concentrate-based bulls was similar to intensive bulls. However, the carbon
footprint of bulls was 52% of that of steers. Reducing concentrate inputs in steer-based systems reduced carbon footprint

by 7%.
Table 1 Performance and carbon footprint of four dairy-origin beef rearing and finishing systems.
. Medium Low
Intensive  Forage/ concentrate concentrate
bull concentrate-based . ) se.d.  Sig
input steer input steer
system bull system
system system
Lifetime live weight gain 1.22¢ 1.07° 0.82° 0.76" 0.021 ..
(kg/day)
Age at slaughter (months) 15.0° 16.4° 25.1° 26.2¢ 0.30 Ak
Carcass weight 309° 298* 340¢ 328° 3.1 ok
Conformationt 2.7° 2.7° 2.2° 2.1° 0.09  ®kx
COse (kg/head) 2061.4 1986.1 4023.0 3733.9
CO,e (kg/carcass weight) 6.7 6.7 11.8 11.4

T Conformation based on EUROP classification where E=5 and P=1

Conclusions Increasing the proportion of forage in the diet of dairy-origin bulls has only a marginal effect on carbon
footprint. Bull-based systems of beef production have superior performance relative to steer-based systems and have a
lower carbon footprint.
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Introduction Ground ear maize (GEM) is a novel feedstuff produced by ensiling the chopped maize ear and offers a higher
quality feedstuff compared to conventional forage maize. A high grain yield and good grain maturity is required for the
successful production of GEM. Preliminary work by O’Hanlon ef al. (2008) showed that animals offered a GEM based diet
had higher dry matter intakes compared with animals offered a barley based diet. The current study aimed to build on this
data and evaluate the effect of GEM on performance, nutrient digestibility and enteric methane emissions of finishing beef
heifers.

Materials and methods A commercial crop of maize (var. Benecia) was harvested for GEM (consisting of the cobs, husks
and very limited stalk) on the 29" October 2008 using an Olimac stripper maize header. The GEM was then ensiled in
round wrapped plastic bales by an Orkel baler. Thirty beef heifers (Limousin x Friesian) were randomly allocated to one of
two treatments (1) GEM-based diet (2) barley grain-based diet, both of which were isonitrogenous (13.0 %CP), isofibrous
(26.8% NDF) and isoenergetic (18 MJ GE/kg DM). The heifers were offered ad libitum access to feed and individual daily
intake was recorded using an electronic feeding system (Insentec, Marknesse, The Netherlands). Both diets were offered as
a TMR which included soybean meal to balance for protein and grass silage in the GEM TMR and chopped straw in the
barley TMR to balance as a source of fibre. Daily feed intake was recorded for each animal for a period of 52 days. Daily
methane (CHy4) emissions were determined using a calibrated tracer (SF¢) technique as described by Johnson et al. (1994)
and modified by Hart et al. (unpublished). Methane emissions were recorded over a 24 h period for 5 consecutive days
starting on day 23. Faecal grab samples were taken from the animals on days 23 and 24 in order to determine nutrient
digestibility using the acid insoluble ash method. All data were analysed using the MIXED procedure of SAS (SAS Inst.
Inc., Cary, NC) in accordance with the randomised block design employed.

Results Heifers offered the GEM based diet had higher DMI (P<0.01) and ADG (P<0.05) and a higher digestibility of dry
matter, organic matter, nitrogen, starch and gross energy compared to those offered the barley based diet (Table 1). In
addition heifers offered the GEM had lower overall daily and DMI corrected CH4 emissions (P<0.01) compared to those
offered the barley based diet.

Table 1 Effect of dietary treatment on animal performance, nutrient digestibility and CH, emissions.

GEM Barley SEM P-value

DMI (kg/day) 11.8 10.5 0.2892 0.006
ADG (kg/day) 1.4 1.2 0.0697 0.051
FCR (kg/kg) 7.7 8.1 0.4478 0.562

Digestibility Coefficient
Dry matter 0.731 0.658 0.0096 0.0001
Organic matter 0.749 0.673 0.0094 0.0001
Ash 0.387 0.354 0.0123 0.0730
Nitrogen 0.661 0.561 0.0131 0.0001
Neutral detergent fibre 0.552 0.518 0.0162 0.1438
Acid detergent fibre 0.400 0.337 0.0242 0.0738
Starch 0.990 0.964 0.0034 0.0001
Gross energy 0.720 0.597 0.0103 0.0001

Methane emissions
CH, g/day 199 238 12.3 0.039
CH, g/kg of total DMI 18.1 22.9 1.09 0.005

Conclusion Heifers offered a GEM based diet had higher DMI, gained 200g more liveweight per day and emitted 21%
less DMI corrected methane compared to those offered the barley diet.
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Introduction Anaerobic digestion (AD) is employed widely across the world to produce a source of renewable energy as
biogas (mainly methane). However, there has been only limited uptake of AD in the UK, particularly at farm level. The
aim of this study was to assess the performance of on-farm AD, using fresh dairy cow slurry as the sole feedstock.

Materials and methods An anaerobic digester at AFBI-Hillsborough was used to study the performance of AD using farm
based organic materials as feedstock. The digester was a 660m’ insulated above ground tank, maintained at an average of
39°C (s.d. 2.2), discharged and fed hourly and mixed via biogas recirculation. Slurry from dairy cows at AFBI was the sole
feed at approximately 20 t d'. Process data were automatically recorded every 30 seconds throughout the 20 week
recording period (12 December 2008 to 1 May 2009). Biogas composition was recorded once daily with a hand held gas
meter (Gas Data GFM400, UK). Feedstock and digestate were sampled daily, bulked weekly and analysed for DM, ash, N,
NH;-N, P and K. Volatile solids (VS) contents were calculated as the difference between DM and ash contents. Hydraulic
retention time was a nominal 27 days (s.d. 1.0).

Results The mean biogas composition during the recording period was 0.57 methane (s.d. 0.028), 0.37 carbon dioxide (s.d.
0.025) and 0.002 hydrogen sulphide (s.d. 0.0004). The average weekly feedstock temperature was 7.7°C (range 4.6-
11.4°C). The proportion of gross biogas energy required to maintain digester temperature was 0.39 (range 0.30-0.51).
Table 1 summarises digester performance.

Table 1 Summary of daily digester performance using dairy cow slurry as feedstock over a 20 week period

Parameter Unit Value Standard deviation
Slurry loading rate td! 19.8 0.86

VS loading rate kg VS m> d! 2.36 0.146

Biogas produced Nm’® d’ 310 31.4

Biogas productivity Nm® m” of digester d' 0.58 0.055

Biogas yield Nm’ kg VS 0.25 0.022

Methane yield Nm’® kg VS 0.14 0.013

Gross energy in biogas kWhd™ 1758 201

Energy to maintain AD kWhd' 689 129

temperature

The digester produced 0.14 Nm® methane kg™ VS in feedstock (Table 1) equivalent to 89 kWh t of feedstock. This is an
extremely useful source of renewable energy. This overall performance was very similar to that predicted by Frost ez al.
(2006), though was less than predictions of some AD suppliers e.g. approximately 0.16 less methane per unit of VS in the
feedstock. Furthermore, the AFBI AD produced 0.61 less methane per unit of VS than the average of 41 Austrian digesters
reported by Braun et al. (2009). The majority of these Austrian digesters used energy crops as the major component of
their feedstock and had hydraulic retention times that were on average about five times longer than in the AFBI AD. Both
of these factors would account for the higher degradation of VS in Austria (0.83) than at AFBI (0.24). In the AFBI digester
approximately 0.20 of the DM and 0.24 of the VS were degraded (Table 2). The total N, P and K concentrations of the
digestate were not significantly (P>0.05) affected by digestion (Table 2). However, the crop available nitrogen (NH;-N)
concentration of the digestate was significantly (P<0.001) increased by 0.16 relative to the feedstock.

Table 2 Summary of nutrient concentrations in dairy cow slurry feedstock and digestate over a 20 week period

g kg fresh Feedstock Digestate s.e.d. P

DM 81.1 64.9 0.86 <0.001
pH 7.66 8.05 0.059 <0.001
Total N 4.12 4.10 0.062 0.682
NH;-N 2.26 2.63 0.055 <0.001
Total P 0.59 0.61 0.124 0.102
Total K 4.52 4.52 0.134 0.992
VS 63.5 48.2 0.77 <0.001

Conclusions Dairy cow slurry is a useful source of renewable energy. The crop available nitrogen in the digestate,
compared to the feedstock, was enhanced.
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Introduction Faecal shedding in modern cattle production is often identified as an important source of microbial
contamination of the environment. Moreover, microbes accumulated in the pen bedding can lead to the production of
undesirable gas emissions, including volatile fatty acids (VFA) (Miller, 2001) and ammonia. Condensed tannin incubated
in vitro with rumen liquor has been shown to lower ammonia concentration and suppress methane formation (Khiaosa-Ard
et al., 2009). Bacterial death may occur during freezing due to metabolic injury (Straka and Stokes, 1959). Utilising
antimicrobial forages in the diet and/or the bedding of cattle raised in subzero temperatures may inhibit the bacterial growth
thereby decreasing gas emissions from bedding. This work examined the impact of the use of sainfoin (Onobrychis
viciifolia) in the diet and bedding of beef cattle on VFA concentrations in the bedding pack.

Materials and methods Forty beef steers were allocated by live weight into four pens with either sainfoin or straw as
bedding and given water and alfalfa silage or sainfoin silage as 100% ad [libitum diets. Rumen liquor was oral-probe
aspirated and faeces grabbed by hand from individual animals. At individual pens several bedding samples were dug out at
random by an ice auger, mixed in a bucket and a subsample taken per pen. All samples were collected once in the first three
weeks and fortnightly afterwards for seven weeks, and stored in a -20°C freezer. Weekly temperature was averaged from
daily ambient temperature (range: -4.6 to -30.0°C). Frozen rumen liquor and bedding samples were processed as described
by Bhandari et al. (2007). Volatile fatty acids (VFA) concentrations were analysed by gas chromatograph (GC) as
described by Bhandari ez al. (2007) (GC conditions: Injector and detector temperature: 200°C; initial column temperature:
175°C/20 min; final column temperature: 200°C). Sample ammonia nitrogen concentration was determined as described by
Bhandari et al. (2007). Ammonia and VFA concentrations were analysed by Linear Mixed Models (GenStat, 2007). The
fixed model (with each value treated as a distinct factor level) was bedding type * diet * ambient temperature and the
random model was week X pen, with two- and three-way interactions. Significance levels (P<0.05, P<0.01 and P<0.001)
and standard errors of the means were tested using the Wald test.

Results Results are shown in Table 1. Feeding sainfoin silage and flooring pens with straw lowered the concentration of
VFA in the bedding of steers. Diet had very little effect on VFA concentrations in the bedding of animals, but decreased the
ammonia concentration in the bedding of steers fed on sainfoin silage. Except for isovaleric acid, ambient temperature and
the bedding type x ambient temperature interaction had a greater effect on VFA concentration in the bedding samples of
steers fed on sainfoin silage and with straw bedding than on those fed on alfalfa silage and with sainfoin bedding.

Table 1 Effect of diet, bedding type and ambient temperature on volatile fatty acids and ammonia concentrations in

bedding (mmol/l)
s.e. Significance level

Sainfoin bedding Straw bedding Bedding

Alfalfa Sainfoin Alfalfa  Sainfoin Bedding Amb.  x Amb.

silage silage silage silage type Diet temp. temp.
Acetic 3.48 2.57 1.37 1.41 0.444  Hkx ns. ns *
Butyric 0.18 0.09 0.01 0.01 0.031  H*x* n.s.  FE¥ Ak
Propionic 0.32 0.17 0.08 0.10 0.053  ** ns.  FEE *
Isobutyric ~ 0.05 0.02 0.01 0.01 0.006  *** * *x *
Isovaleric 0.02 0.02 0.01 0.01 0.006  * n.s. * n.s.
Ammonia 14.01 8.14 13.23 9.89 1.120 n.s. ¥R ns n.s.

Statistical significance= *P<0.05; **P<0.01; ***P<0.001; n.s.= not significant. Amb. temp. = ambient temperature.

Conclusions The results showed that feeding sainfoin was effective in lowering the ammonia concentration in the bedding
of steers but had little effect on VFA concentrations, partly agreeing with the findings by Khiaosa-Ard et al. (2009).
Ambient temperature had a strong effect on VFA concentrations in samples, specially isobutyric, butyric and propionic
acids. Interestingly, the concentration of VFA increased when pens were floored with sainfoin. It is not clear the reason for
this, but it may be that organisms residing in the bedding were more tolerant to tannins from sainfoin (Khiaosa-Ard et al.,
2009) and even thrived in cold temperature possibly with sainfoin as growth medium (Straka and Stokes, 1959).
Alternative plant compounds should be tested as bedding material to try to reduce the deleterious effects of modern cattle
production such as undesirable gas emissions (Miller, 2001).
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Introduction Utilising pig manure as a sustainable resource for solid biofuel manufacture could potentially assist the pig
industry in complying with the Nitrates Directive Action plan introduced by SI No. 378 (2006) which has imposed
restrictions on land spreading of pig manure. However, a pig manure-derived solid biofuel may pose a biosafety risk to
end-users, as any pathogens present in the manure may be carried over to the end product. Furthermore, in order to place a
processed manure product on the market, it must comply with microbiological standards as set out in EU regulation
EC/1774/2002 (amended by EC/208/2006). Therefore, strategies are required to reduce the disease risk of manure if it is to
be converted into a marketable solid biofuel. The aim of this study was to investigate if composting is effective in
eliminating and/or reducing pathogenic and indicator micro-organisms.

Materials and methods Manure from the pig unit at Teagasc Moorepark was mechanically separated into solid and liquid
fractions using a decanter centrifuge. The solid component was composted alone (control) or mixed with the following
bulking agents in a ratio of ~2:1; sawdust, greenwaste (a mixture of tree leaves, foliage and small twigs), or straw.
Composting was performed in insulated compost tumblers and each of the four treatments was replicated three times. The
temperature of the compost was recorded daily. Microbiological analyses were performed on the unseparated manure,
manure solids and the bulking agents and on compost samples at days 0, 7, 14, 21 and 56 as follows; samples were
homogenised in buffered peptone water as 1:10 dilutions and serially diluted 10-fold in maximum recovery diluent.
Appropriate dilutions were pour-plated on selective media to enumerate coliform, E. coli, Enterococcus and yeasts and
moulds. To enumerate aerobic spore-forming bacteria 1:10 dilutions were heated to 80 °C for 10 min prior to plating. In
addition, the presence/absence of Salmonella was determined in 25g samples (ISO6579:2002 Annex D). Any Salmonella
isolates recovered were serotyped according to the Kauffman-White scheme and assayed for susceptibility to a panel of 14
antimicrobials using a broth dilution method. Data were log-transformed prior to analysis for repeated measures using the
PROC MIXED procedure of SAS. Linear and quadratic polynomial contrasts were performed on all analyses to determine
the effect of composting on microbial counts over time.

Results Salmonella Livingstone was detected in the sawdust prior to composting. The strain recovered was fully sensitive
to all of the antibiotics tested. Salmonella was not detected in the two other bulking agents, the manure, manure solids or in
any of the compost treatments at any timepoint. Table 1 shows the change in microbial counts over time across all
treatments during the 56-day composting period. A quadratic response was observed for E. coli counts (P<0.001),
Enterococcus counts (P<0.001) and yeast and mould counts (P<0.001). Changes in counts of coliform and aerobic spore-
forming bacteria were observed on different sampling days (P<0.001). Tendencies towards a quadratic response over time
were observed for both coliform (P=0.10) and aerobic spore-forming bacteria (P=0.07). Mean microbial counts were not
influenced by treatment (P>0.05).

Table 1 Effect of sampling day on mean microbial counts (Log;o CFU/g) in pig manure-derived compost

Day P-value
0 7 14 21 56 SE Overall Linear  Quadratic
E. coli 533 200 200 200 200 0.049 <0.001 <0.001  <0.001
Coliform 539 282 507 522 3.66 0268  <0.001 0.83 0.10
Enterococci 489 2.03 2.04 2.05 2.00 0.044 <0.001 <0.001  <0.001
Yeasts & moulds 541 3.12 380 4.09 468 0.141 <0.001 0.61 <0.001
Aerobic spore-formers 559 556 580 541 5.86 0.079 <0.001 0.31 0.07

Conclusions By day 7, coliform, E. coli and Enterococcus counts had decreased in the compost, most likely because the
temperature had increased to 59 °C. Although coliform counts subsequently increased as the temperature decreased to 37
°C, they had declined again by day 56. The resulting compost complies with EU regulations, which state that a marketable
processed manure product must be free from Salmonella, with E. coli or Enterococcus counts not exceeding 3.0 log;, cfu/g.
However, regulations also state that the product ‘must be subjected to a reduction in spore-forming bacteria’ and although
spore-former counts tended to be reduced during composting, final counts were higher than those on day 0. Although yeasts
and mould counts changed over time, the relatively high counts in the final product may be potentially hazardous due to the
risk posed by exposure to spores. However, identification of moulds and spore-forming bacteria is required in order to
determine the potential risks posed by either. Furthermore, processing of the manure-derived compost into a solid biofuel
may reduce levels of these micro-organisms. It is worth noting that bulking agents should be selected carefully, as the
sawdust contained Salmonella, albeit a serotype not commonly associated with human infection.
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Introduction Pig production is associated with ammonia and odour emissions causing nuisance, environmental and public
concerns. Recent studies have suggested that it is possible to change the production of ammonia and odour by changing the
conditions in the slurry through dietary interventions (Lynch ef al., 2008). Slurry pH is one of the most significant factors
influencing ammonia emission, ammonia volatilisation increasing with an increasing manure pH. Buhler e al., (20006)
demonstrated that dietary benzoic acid significantly lowered urinary pH in grower and finisher pigs. Therefore, the
objective of the following study was to investigate the effects of benzoic acid concentration as a feed additive on nitrogen
utilisation, manure ammonia and odour emissions in finishing pigs.

Materials and methods The experiment was designed as a complete randomised design comprising of four dietary
treatments: (T1) 0 g/kg benzoic acid, (T2) 10 g/kg benzoic acid, (T3) 20 g/kg benzoic acid, (T4) 30 g/kg benzoic acid.
Sixteen boars were selected according to a uniform weight (64 = 1.5 kg), and allocated to one of four dietary treatments as
described above (n=4). Pigs were transferred to individual metabolism crates to facilitate studies on nitrogen utilisation,
manure ammonia and odour emissions. The collection period was subdivided into three parts; 1) NH; emission (days 1 to
2); 2) odour emission (days 3 to 5) and 3) N utilisation (days 6 to 10). Ammonia emission from the manure was measured
over a 240 h period, in a laboratory scale set-up (O’Shea et al., 2009). Ammonia production (mg) from manure was
compared between the different dietary treatments using the quantity volatilised from 0 to 240 h/g of N intake. Air samples,
used to measure odour concentration were collected directly above the storage container in 201 Nalophan sampling bags
and analysed for odour concentration using an Ecoma T08 dynamic olfactometer as described by Lynch et al., (2008).For
the N utilisation study, urine volume was recorded daily and a 50-ml sample was collected and frozen for laboratory
analysis. Total faeces weight was also recorded daily and all facces were oven dried at 100°C. A sample of fresh faeces was
collected twice daily for N analysis. Experimental data were analysed as a complete randomised design using the GLM
procedure of the SAS Institute (1985). The statistical model included the linear and quadratic effects of benzoic acid.

Results There was a significant linear decrease (P < 0.05) in urinary nitrogen excretion and total nitrogen excretion as the
level of benzoic acid inclusion increased in the diet. Manure ammonia emissions were linearly reduced by 30, 41 and 72%
as the dietary benzoic acid concentration increased. However, there was no effect of benzoic acid on odour concentration
across all treatments.

Discussion In the current study, manure ammonia emissions were decreased linearly with increasing dietary benzoic acid.
This may reflect the linear decrease in manure pH which was also demonstrated (Table 1). In addition, the current study
reported no effect on odour emissions despite the significant reduction in manure ammonia emission as benzoic acid
increased. This is in agreement with the findings of Lynch et al., (2008) who reported no correlation between manure
ammonia and odour emissions from finisher pigs.

Table 1 Effect of dietary benzoic acid inclusion level on manure composition and nitrogen balance (LSM =+ s.e.m.)

Treatment Benzoic acid concentration g/kg Significance

0 10 20 30 s.e.m Linear Quadratic
Urinary N excretion (g/day) 253 21.6 23.5 19.1 1.6 * ns
Total N excretion (g/day) 35.5 33.6 34.6 30.3 1.9 * ns
pH 0-240 h 8.96 8.46 8.08 7.40 0.33 ** ns
Ammonia (mg/g N intake) 0-240 h 141.3 99.1 83.8 40.4 12.0 ok ns
Odour Oug/m’ (72h) 22090 27620 35462 32627 5709 ns ns

Linear = linear response to dietary benzoic acid, quadratic = quadratic response to benzoic acid. *P<0.05, **P<0.01,
***P<0.001, ns = non significant (P>0.05).

Conclusion Dietary inclusion of benzoic acid linearly reduced urinary nitrogen and total nitrogen excretion and
furthermore linearly reduced manure ammonia emissions. Odour emissions were not influenced by benzoic acid inclusion
in the current study.
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Introduction There is growing interest in methane emission from ruminants, both because it represents a loss of up to 0.12
of gross energy and its role as a potent greenhouse gas. Research has been limited because chamber-based estimates of
methane emission are both laborious and restricted to stall-fed animals, whilst the sulphur hexafluoride (SF¢) technique
involves considerable experimental errors (Pinares-Patifio and Clark, 2008). Methane is produced by Archaea and the
membranes of Archaea contain distinctive dialkyl glycerol ether lipids that have been used as biomarkers in a wide range of
other sample types, including rice paddy soil and marine sediments. Recent studies have demonstrated the occurrence of
the archaeal biomarker 2,3-diphytanyl-O-sn-glycerol (archaeol) in the faeces of ruminant and pseudo-ruminant species. The
present study evaluated the potential to use the concentration of archaeol in bovine faeces as a marker for methane emission
from diets with widely different forage/concentrate ratios, which were expected to generate divergent amounts of methane
(Johnson and Johnson, 1995).

Materials and methods Twelve continental cross-bred steers (541 kg (s.d.=41.8)) were blocked according to live weight
and allocated at random to receive one of two dietary treatments based on grass silage and concentrates. Treatments were:
(1) 5 kg/animal daily of grass silage with ad libitum concentrates (diet CON), and (2) 3 kg/animal daily of concentrates
with ad libitum grass silage (diet GS). Concentrates were based on mixtures of (g/kg) barley (820 or 460), soybean meal
(100 or 460), molasses (50), vegetable oil (10) and a mineral/vitamin premix (20) for the concentrates used for diets CON
and GS, respectively. Individual feed intakes were recorded through Calan gates. Measurements of methane emission were
taken from three animals per treatment after 5 and 16 weeks on these dietary treatments, using the SF¢ technique (Lovett et
al., 2003). At least three separate daily measurements were obtained from each steer (average 3.8/steer). Faecal samples
were obtained per rectum over five days, stored at -20°C, then thawed, bulked and dried at 60°C (48 hours). Archaeol
concentrations were measured in a faecal lipid extract. Faecal lipids were extracted and fractionated according to Bull ef al.
(2003), derivatised to trimethylsilyl ethers and analysed by gas chromatography mass spectrometry using a ThermoQuest
TraceMS equipped with a non-polar fused silica capillary column (CPSil-5CB, 50 m x 0.32 mm x 0.12 pm, Varian
Chrompack, Oxford, UK). Effects of dietary treatments were analyzed using analysis of variance (Genstat Release 10.1;
Lawes Agricultural Trust, 2007) with ‘diet’ as treatment factor and ‘measurement week’ as block.

Results The grass silage and concentrates (for CON and GS diets) contained respectively: DM: 252, 866 and 860 g/kg;
crude protein: 138, 159 and 297 g/kg DM; NDF: 511, 157 and 138 g/kg DM; starch: 0, 485 and 235 g/kg DM; in vitro
digestible organic matter: 694, 806 and 820 g/kg DM. Silage pH was 3.81 and lactic acid 106 g/kg DM. Despite the lower
DM intakes for the GS diet, methane emission was doubled in comparison with the CON diet. The CON diet also resulted
in considerably lower faecal archaeol concentrations compared to the GS diet (Table 1). No archaeol was found in any of
the feed samples analysed.

Table 1 Effects of dietary treatment on feed intake, methane emission and faecal concentration of archaeol.

Diet:
CON: ad libitum concentrates GS: ad libitum grass silage s.e.d. P

Total DM intake, kg/d 11.43 9.15 0.824 0.022
Concentrate DM intake, kg/d 10.18 2.58 (fixed)

Silage DM intake, kg/d 1.25 (fixed) 6.57

Methane emission, g/d 174 341 60.5 0.022
Methane emission, g’kg DM intake 15.0 37.4 6.09 0.005
Faecal archaeol, mg/kg DM 5.1 30.6 542 0.001

Conclusions The absence of archaeol in the feeds confirms that faecal archaeol is produced during passage through the
digestive tract. Taken together with earlier observations of archaeol in faeces from ruminant species, but not in faeces from
other herbivores, these results suggest a predominant origin in synthesis by rumen micro-organisms. The concentration of
archaeol in the faeces studied is interpreted to reflect the size of the methanogen population in the rumen. However, further
studies will be required to describe other components of this relationship, such as selective retention of Archaea in the
rumen and differences in the species composition of the methanogen community (species vary in the proportions of diether
and tetracther membrane lipids).
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Introduction The Intergovernmental Panel on Climate Change (IPCC, 2006) recommends three methods (Tier 1, 2 and 3)
to estimate methane (CH,) emissions from enteric fermentation and manure management for livestock in development of
national CH, inventories. Tier 1 default emission factors (enteric and manure) provide fixed values for each species of
animals in different regions of the World, irrespective of variations in animal physiological state and production level. The
objectives of the present study were to develop CH, emission factors of Tiers 2 (enteric and manure) and 3 (enteric) using
AFBI Hillsborough herd data and calorimeter CH, measurements and to identify sources of variations between Tier 1 and
Tier 2/3 emission factors.

Materials and methods AFBI Hillsborough herd data used include average live weight, milk yield (7328 kg/year, dairy
cows), growth rate (growing animals), birth rates (cows, heifers and ewe), age (growing animals) and dietary GE, ME and
ash concentrations for each species. Calorimetric CH4 and energy metabolism data included measurements undertaken at
Hillsborough since 1992 with more than 900 dairy cows, 140 beef and 50 sheep. The life span for lambs was taken as 210
days. Manure was managed under the liquid/slurry system for indoor feeding animals and the pasture management system
for grazing animals. Tier 2 CH4 emission factors from enteric fermentation and manure management were developed using
the methodologies proposed by IPCC (2006). Tier 3 enteric CH4 emission factors were developed from the ratio of CH,
energy output to ME intake, with ME intake estimated using the FiM models for dairy cows and AFRC systems for beef
cattle, heifers and sheep.

Results and discussion The results are presented in Table 1. For enteric CHy emissions, Tiers 2 and 3 factors for dairy
cows were 10.2 and 7.5 kg/year lower than Tier 1 factor, respectively. This indicates that the increase in Tier 1 default
factor for Western Europe from 100 kg/year in the version of [PCC 1996 to the present 117 kg/year (IPCC, 2006) may
over-estimate the effect of increased milk production during the period. For sheep, dairy heifer and beef cattle, in general,
when compared with Tier 2 and 3 enteric CH, factors, Tier 1 enteric CHy factors produced a considerable over-prediction
of CH,4 emissions for young animals (less than 1 year old), with exception for dairy bulls, for which Tier 1 was similar to
Tier 2 (because they were managed under intensive feeding regimes). On the contrary, for animals of over 1 year age, Tier
1 enteric CHy factors were smaller than Tier2/3 enteric CH, factors, except for dairy heifers of over 2 years for which Tier
1 was larger than Tier 2/3 (due to low growth rates). Similar results were also obtained for CH, emissions from manure
management.

Table 1 Tier 1 versus Tiers 2 and 3 methane emission factors for enteric fermentation and manure management

Enteric (kg/y) As % of Tier 1 Manure (kg/y) T2/T1
Species Age Category Tier 1 Tier 2 Tier 3 Tier 2 Tier 3 Tier 1 Tier 2 (7o)
Dairy cow Milking + dry 117 106.8 109.5 91 94 21 19.4 92
<1 year Dairy steer/heifer 57 34.4 37.0 60 65 6 4.0 66
<1 year Dairy bull 57 575 50.2 101 88 6 53 89
57 32.0 29.1 56 51 6 4.6 77
Beef catile <1 year Suckler
1-2 year Dalry steer/heifer 57 65.6 66.5 115 117 6 6.8 114
1-2 year Suckler 57 63.6 64.0 112 112 6 6.6 110
>2 year Suckler cow 57 56.9 59.1 100 104 6 6.1 101
<1 year Holstein-Friesian 57 29.7 333 52 59 6 3.7 61
<1 year Cross breeding 57 27.3 30.2 48 53 6 33 55
. . 1-2 year Holstein-Friesian 57 64.5 69.5 113 122 6 7.2 119
Dairy heifer
1-2 year Cross breeding 57 57.5 61.5 101 108 6 6.3 105
> 2 year Holstein-Friesian 57 50.3 52.9 88 93 6 5.4 91
> 2 year Cross breeding 57 49.7 524 87 92 6 5.4 90
<1 year Lamb 8 6.6 4.6 83 58 0.19 0.08 41
Sheep > 1 year Ewe 8 8.0 10.5 100 131 0.19 0.16 85
Rep]acement 8 7.5 7.5 94 94 0.19 0.13 70

Conclusions For both enteric fermentation and manure management, in comparison with Tier 2/3 emission factors, Tier 1
default factors over-estimated CH4 emissions for dairy cows, young cattle and sheep, while under-predicted CH4 emissions
for beef cattle, heifers and sheep at age between 1 and 2 years old. This indicates that the development of national CH,4
emission inventories from the Tier 1 method can result in considerable and systematic errors.
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Introduction Agriculture currently accounts for 12% of total global green house gas (GHG) emissions with enteric
fermentation being the largest biogenic source of agricultural methane (CH4) and accounting for almost 13% of total Irish
GHG emissions (McGettigan et al., 2008). Ruminal methanogenesis represents a loss to the animal of up to 8.5% of gross
energy intake (GEI) (Tamminga et al., 2007) therefore a reduction in enteric CHy production should reduce this
inefficiency as well as the environmental impact of ruminant production. Soy oil (SO) is a natural source of unsaturated
long chain fatty acids and it has been shown previously that dietary SO supplementation can substantially reduce ruminal
methanogenesis of beef cattle on a high concentrate diet (Jordan et al. 2006). However little is known on how this effect is
mediated or whether it is consistent across lower concentrate to forage ratio (C:F) diets. The aim of this study, therefore,
was to investigate the effect of dietary SO inclusion and C:F ratio on feed intake, CH, emissions, rumen fermentation
variables and rumen microbial measurements in beef cattle.

Materials and methods Eight mature Limousin X steers with a mean body weight (BW) (= S.E.) of 521 (= 11.7) kg and 4
ruminally cannulated Limousin X steers with a mean BW (+ S.E.) of 484 (+ 26.4) kg were allocated at random to a 2 x 2
factorial, latin square design with four, 28 d periods. Animals were allocated within period to one of two levels of dietary
C:F ratio (50:50 v 90:10; barley straw as the forage source) and one of two levels of dietary SO inclusion (0 v 60 g/kg dry
matter (DM)). Diets were offered at 95% of voluntary DMI and formulated to be isonitrogenous (140 g/kg DM). Feed
intake was measured daily, with CH4 determined using the sulphur hexafluoride tracer (SF¢) gas technique on d 21 - 25 of
each period on the 8 non-cannulated steers. Rumen fluid was sampled from the ruminally cannulated steers on d 27 and 28
for analysis of ruminal VFA, ammonia and microbial profile. The mcrA gene and 16S rRNA gene were quantified using
specific genomic primers and real-time quantitative polymerase chain reaction (PCR) for both liquid and solid phases of
rumen digesta. Data were analysed using the MIXED procedure (PROC MIXED) of SAS.

Results The effect of C:F ratio and SO supplementation on CH, emissions is presented in Figure 1. There were no oil x C:F
interactions detected (P > 0.05). Inclusion of SO reduced (P < 0.001) daily CH, by 51%, intake corrected CH4 by 45% and
GE intake corrected CH, by 51%. At the higher C:F ratio, dry matter intake (DMI) corrected CH, was reduced (P = 0.006)
by 27%, CH, corrected for GE intake was reduced (P = 0.003) by 32% and there was also a trend (P = 0.07) towards
decreased overall daily CH4. Dry matter intake was greatest (P < 0.001) at the higher C:F ratio but was reduced by 7.5%
following SO inclusion (P = 0.02). Apparent whole-tract digestibilities of DM (P = 0.04), OM (P = 0.03) and GE (P =
0.008) were reduced after SO inclusion, with the higher C:F ratio increasing DM (P = 0.02), OM (P = 0.03) and GE (P =
0.04) digestibility. Treatment had no effect on total ruminal concentrations of VFA. However, acetate to propionate ratio
was decreased (P < 0.001) by the higher C:F ratio and by SO inclusion. Ammonia was lower at both the higher C:F ratio (P
< 0.001) and following SO inclusion (P = 0.002). There was a tendency towards a reduction (P = 0.0539) in the relative
abundance of the mcrA gene in digesta of animals fed SO in the ruminal liquid phase.

Conclusion This study demonstrated that the addition of SO, at 60 g/kg DM, to the diet of beef steers dramatically reduces
daily and GEI adjusted CH4 by over 50% and DMI corrected CH4 by 45%. Increased C:F ratio also reduced CH4 when
corrected for DMI and GEI (by 26 and 32% respectively) and it tended to reduce daily CH4 emissions whilst increasing
DMI. This suggests that if both strategies were utilised with finishing cattle the potential exists to significantly reduce the
total lifetime emissions from beef cattle.
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Figure 1 Effect of dietary SO supplementation and C:F ratio on daily ruminal CH4 emissions expressed on a daily, per kg
of DMI and per MJ GEI basis
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Introduction Methane (CHy) accounts for approximately 50% of total greenhouse gas (GHG) emissions (on a CO,
equivalents basis) from the average Irish dairy farm and represents a loss of up to 8.5% of gross energy intake (GEI) in
dairy cows (Tamminga et al., 2007). Dietary polyunsaturated fatty acid (PUFA) supplementation, especially linoleic (n-6)
and linolenic acids (n-3) have been shown to reduce ruminal methanogensis (Martin et al., 2008, Petrie et al., 2009) in
indoor housed animals. The aim of this study was to assess the impact of oils rich in either n-3 or n-6 PUFA on milk
production and CH, emissions of grazing dairy cows.

Materials and methods Forty five Holstein Friesian cows were blocked according to parity (24 multiparous and 21
primiparous) and allocated to one of three dietary treatments balanced for days in milk (mean 143 days, S.D. + 22) and pre-
experimental milk yield (mean 24.6 litres, S.D. + 4.8) in a randomised block design. All treatments were allocated 17 kg
grazed grass DM per day per cow, following morning milking plus 4 kg (DM) of concentrates containing 160g/kg (FW) of
stearic acid (C), soya oil (SO) or linseed oil (LO), daily. Concentrates were offered in equal allocations at morning and
afternoon milkings. Animals were introduced to their treatment diets over a 7-day period, following which they had an
adjustment period of 17 days. Individual CH, emissions were measured using the SF4 technique as described by Johnson et
al. (1994), 17 (PI) and 44 (PII) days post diet introduction. Milk production was recorded daily and milk composition was
assessed on a weekly basis. Statistical analysis was performed using the mixed procedure of SAS with terms included for
treatment, period and their interaction.

Results Data for CH4 emissions are shown in Table 1. Both treatment and period affected all CH4 variables measured
(P<0.001). There were treatment x period interactions for daily CH4 (P<0.001), CHy/kg milk (P<0.01) and CH,/ kg milk
solids (P<0.001). During PI both SO and LO reduced all CH,4 variables compared to the control, but during PII only LO
reduced CH, variables compared to the control. Data for milk production across the entire experimental period are
presented in Table 2. SO increased milk yield (P<0.001), milk protein % (P<0.001) and milk solids yield (P<0.05), and
reduced milk fat % (P<0.01) when compared to C and increased milk yield compared to LO (P<0.001). LO increased milk
protein % (P<0.001) compared to C but did not differ from C for any other milk production variable measured.

Table 1 Effect of supplementary lipid source on methane emissions of grazing dairy cows

Period I Period II Significance
C SO LO sem C SO LO sem T P TxP
Daily CHy (g) 260" 239° 221° 7.2 3317 348° 267° 7.1 Ak ek ok
gCHy/kg milk 13.72°  11.99° 11.06° 0.4 18.38°  17.74*  13.93° 0.4  wwE cdekx o

gCHy/kg milk solids ~ 181.3*  161.1°  152.2° 518  240.5° 229.4* 180.8° 518 k¥k ke ks

®b-¢ Means with different superscripts within rows are different ***P<0.001; **P<0.01

Table 2 Effect of supplementary lipid source on milk production and milk composition of grazing dairy cows

Treatment Control Soya oil Linseed oil s.e.d Significance
Milk yield (1/d) 20.05° 21.52° 20.28° 0.120 ok
Milk fat % 4.18° 3.84° 3.96™ 0.068 o
Milk protein % 3.35° 3.46° 3.42° 0.015 ok
Milk solids yield (kg/d) 1.53 1.59° 1.54% 0.018 *

5¢ Means with different superscripts within rows are different ***P<0.001; **P<0.01; *P<0.05

Conclusion Both SO and LO have the potential to reduce enteric CH, emissions from grazing dairy cows. However, the
effects of LO appear to have a greater persistency over time. Furthermore, the addition of PUFA maintained or enhanced
milk production variables compared to a saturated fat supplement.
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Introduction Globally methane released from the rumen represents approximately a third of all anthropogenic actions and
novel crops could be an alternative to tackle this problem (Beauchemin et al., 2008). In addition the development of arid
resistant plants and natural products to manipulate ruminal fermentation are being speculated as part of cutting edge
technologies currently under study to optimize ruminal function. In this context the wild shrub Solanum lycocarpum St Hil.
could be an alternative crop as well as novel rumen manipulator agent. Here its chemical composition is presented as part
of a project which has been investigating the use of some fractions of this plant as a potential animal feedstuff.

Materials and methods Five dried meal-like fractions of Solanum lycocarpum (SL) (Flower=Fl, Fruit=Fr, Leaf=Lf, Stem=
St and Root=Rt) from two different seasons (wet/summer —between January/March and dry/winter — between July/
September of 2008) from Brazil were analysed in triplicates for their Crude Protein (CP), Ether Extract (EE), Total
Sugar(TS) and Starch (ST), Total Phenols(TP), Tannins (TN) and Saponins (SP). Samples were gathered in the afternoon,
sliced in small parts and spread under shadow for about 48 hours to reduce their moisture contents. Then the fractions were
milled, oven dried at 60°C overnight and air transported to the UK. Proximate analysis was determined according to AOAC
(1980). Phytochemicals were assayed using standard methods with little modifications. Total phenols, condensed tannins
and saponins were determined by the method of Herborne (1978). The data were analyzed by using General Linear Model
of Minitab to study the main effects of SL fractions and season as well as their interactions on chemical composition.

Results Mean chemical components for different fractions of Solanum lycocarpum different seasons are shown in Table 1.
The main effects of SL fractions were significant for CP, TS, ST, TP and SP (P<0.05). Flower had the highest CP level
with difference between seasons (P<0.01). Total sugar was higher for the stem and starch for the root (P<0.05). Total
phenols were significantly higher in Flower and Fruits than other fractions. Saponins were higher in Fruits and Leaves but
did not vary between seasons (P>0.05). Additionally, no significant interactions between fractions and seasons were
observed (P>0.01) with the exception of CP and SP (P<0.05).

Table 1 Chemical composition of Solanum lycocarpum fractions from two different seasons (g/100g)

Fraction Season CP  EE Total Sugar  Starch  Total Phenols = Condensed Tannins (CT) Saponins
(GAE)
Flower S 227 1.5 0.11 0.20 2.32 16.2 1.6
W 152 1.5 0.10 0.18 2.30 16.1 1.7
Fruit S 53 33 0.02 0.12 1.68 12.7 2.5
w 42 3.0 0.01 0.11 1.68 10.0 2.3
Leaf S 19.7 22 0.11 0.12 1.20 16.3 2.2
W 18.0 2.0 0.11 0.11 1.21 14.9 1.1
Stem S 45 25 0.13 0.14 0.54 12.4 1.2
W 1.2 22 0.12 0.14 0.52 11.9 1.1
Root S 52 3.0 0.08 0.22 0.34 13.2 0.8
W 50 28 0.07 0.22 0.33 13.1 0.5
SEM (fractions) 32 12 0.12 0.15 0.29 1.3 0.9
Significance * ok * * ok *

** P<0.01; * P<0.05 (in each of the columns, shows statistical differences between fractions); SEM (Standard error of
means); S= Summer & W=Winter; CP= Crude Protein; EE = Ether Extract; GAE= Gallic Acid Equivalent

Conclusions All fractions showed statistical differences regarding all chemical constituents with the exception of EE and
CT. Secondary metabolites are present in high levels and demand further investigations to evaluate their effect on ruminal
metabolism.
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Biological and economic consequences heat stress due to a changing climate on UK livestock
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Introduction Weather and climate can directly and indirectly determine the production and welfare of livestock. An
example of a direct influence is the heat balance of livestock as average temperatures increase. Excessive heat or cold
increases the metabolic energy required to maintain the animal’s body temperature, thus reducing the energy available for
productivity and maintaining functional fitness of the animal. This requires an understanding of how environmental
stressors (e.g., temperature, humidity, thermal, air speed) can directly and adversely affect animal performance, health, and
well-being when coping capabilities of the animals are exceeded and can have unfavourable economic consequences. The
aim of this study was to model the change in heat stress in livestock in the UK in the future and examine the biological and
economic consequences of said heat stress

Materials and methods Predictions of climate change in the UK were used to estimate the impact of heat stress on
production and fitness traits in UK livestock under the medium-high climate change scenario for 2020, 2050 and 2080
(UKCIP02; Hulme et al., 2002) to 50km” resolution. The environmental conditions that induce heat stress were estimated
by calculating using the temperature humidity index (THI) for each of 10 classes of livestock, including dairy, beef, pigs
and poultry. However due to space constraints only selected results are presented in this abstract. For each class of animal
the biological (production, fertility and mortality) response to heat stress was modelled using methodology presented in St-
Pierre et al. (2003). The production (e.g., kg milk loss/animal/day, MILK), fertility (e.g., change in the number of days
open/animal/year, DO) and mortality (change in monthly death rate from heat stress, MORT) losses were then scaled using
UK livestock census data and present day economic costs estimated across the country and the 3 time periods.

Table 1 Annual impacts of heat stress on the duration of heat stress
(hours/cow/year) and selected production, fertility and mortality in
UK dairy cows by region in 2050 and 2080

Region Year Duration MILK DO MORT — pecyjts Table 1 shows that there was geographical
East England 2050 186 13 042 125 yariation in the extent to which animals suffered heat stress
2080 601 2L.5 3.19 287 in the UK (e.g., dairy cows experiencing 852 hours of heat
East Midlands 2050 132 04 0.19 .04 gtress/year by 2080 in South East England compared to 0
2080 516 15.7 2.58 254 hours in Northern Ireland, Scotland and Yorkshire and
North East 2050 0 0.0  0.00 0.00  Humberside). These differences meant that the production,
2080 111 0.0 005 1.71 fertility and mortality losses varied both spatially and
North West 2050 0 0.0 0.00 000 temporal in all categories of animals. Beef cows
2080 170 12037 145 experienced less than half the duration of heat stress than
South East 2050 350 40 113 L77 dairy cows with a subsequent negligible impact on
2080 852 419 5.28 3.73 production, fertility and mortality. The average annual
South West 2050 137 06 027 087 uration of heat stress in 2080 for monogastric animals was
2080 495 154 233 239 92 hours for breeding sows, 214 hours of growing pigs and
Wales 2050 52 02 009 037 420 hours of layer hens. The impact of heats stress on
2080 290 73 1.23 1.78 production was greatest is laying hens (24 g of egg
2050 138 03 0.15 1.23 loss/bird/year) followed by growing/finisher pigs (425 g
West Midlands 2080 497 148 248 246 reduction in liveweight gain/animal/year). The overall
Yorkshire and 2050 0 0.0 0.00 0.00  economic consequences of these heat stress losses were
Humberside 2080 245 1.6 0.54 1.57

estimated to cost the UK livestock industry £5.8 million
(GBP) by 2080 inproduction losses and £34 million in mortality losses. These costs exclude adaptation or extreme events
(e.g., heat wave) and reflect the costs of the impacts of the gradual change of temperature (and humidity) in the UK.

Conclusions This study shows that the warming climate scenario in the UK is predicted to have a negative impact on the
welfare of livestock. Not only will the animals be suffering heat stress but this will have a knock-on effect the economics of
the system due to losses in production and functional performance of the animal. These represent private losses and we can
expect industry to adapt if guided by appropriate regulatory reform and surveillance. The addition of extreme events to
gradual climate change may provide a “shock” to livestock systems. The results show that the damages due to a warming
climate will be amplified with the additional stress of extreme events, such as a heat wave. Also, some of the impacts of
climate change on animal production and functionality (e.g., health and welfare) may interact with externalities and/or
adaptations farmers make in other areas of the farming system (e.g., adoption of mitigation tools) needs to be monitored to
ensure that both mitigation and adaptation measures are compatible and sustainable into the future. Continued development
of information resources and tools will help farmers improve the resilience of their systems.
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Introduction Within the UK race horses compete on tracks in both clockwise and anticlockwise directions. Desert Orchid
was the first high profile racehorse who proved he preferred to run and jump in one direction, in his case the clockwise
direction. A horse that expresses a preference to use one side more than the other is known as having motor bias. Motor
bias horses can be classified as preferring a clockwise (C) or an anticlockwise (AC) direction. In humans there is a 93%
bias towards preference of the right side, which would make the horse prefer a C direction (Corren and Porac 1977).
However, there is ambiguous research as to whether the horse expresses motor bias at population level and it what
direction. Deuel and Lawrence (1987) found that horses preferred the left lead leg in gallop whilst in contrast, Rachen-
Schoneich and Schéneich (2007) and Williams and Norris (2007) both found that horses prefer the right leg during lateral
exercise. If a racehorse prefers to use the right lead stride pattern it should perform better on clockwise tracks as the horse
is forced to use the right lead stride pattern around C bends while a horse preferring a left lead stride pattern should prefer
AC racetracks. Oliver and Langrish (1991) stated that if a horse has uneven hind limbs it can affect the speed the horse
reaches around bends. Therefore measuring conformation points on the horse could help to identify one of the causes of
laterality in the racehorse, which could lead to more successful horses and increased safety within the sport.

Materials and methods Conformation data (Fore limb length, hind limb length, shoulder length, shoulder angle and
shoulder to hip length) was recorded on both sides of National Hunt racehorses in Southern England, n=57 (males= 51
females n=6). There were two ways that horses qualified for this study. The first was if they were part of the British
Horseracing Authority’s database ‘why horse’s run badly’ which included steward’s notes on motor bias, the database is
available at www.britishhorseracing.com. The second point of qualification was if the horse expresses a strong desire to
race in one direction, for example if the horse had only won races on clockwise tracks.

For analysis the data was divided into two sets; horses that prefer clockwise tracks and those that prefer anticlockwise
tracks (AC bias n=26, C bias n=25). A one-way anova test was performed on both sets of data in PASW statistics version
18 (formerly SPSS statistics). The anova test was used to analyse the data taken from the two sides (right and left) of the
horse.

Results On both the C and the AC horses the left side was notably (P<0.05) longer than right when the shoulder to hip
length was recorded. In the C horses the shoulder length was significantly longer on the right (P<0.05) while the shoulder
length was significantly longer on the left in the AC horses. There were considerable differences in fore limb length on
both the AC and C horses (P<0.05) with the left leg being longer in the AC horses and the right leg being longer on the C
horses. However, the AC horses were the only group to show a significant difference in hind limb length (P<0.05) with the
left leg being extensively longer than the right. In the C horses there was a significance difference in shoulder angle with
the left side being steeper but there were no differences seen in the AC in regards to shoulder angle.

Conclusion The results indicate that a longer left shoulder means the horse is likely to be classified as AC while a longer
right shoulder means the horse is significantly more likely to prefer the C direction and the same can be said for fore limb
length. Therefore shoulder length and fore limb length could be a strong indicators of laterality and they could be measured
and used to sculpture the horse’s training plan to its individual needs. The results from this study back up the suggestions of
Rachen-Schoneich and Schoneich (2007) that stated that crooked conformation can affect the way of going and the stride
pattern a horse prefers to use. Further work is needed to pinpoint further effects on racehorse laterality and whether
additional conformation points can indicator a horse’s laterality.
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Introduction The regular monitoring of heart rate (HR) in response to exercise can be a beneficial practice in terms of
improving equine training programs. It is know that equine HR increases linearly with workload (Harris et al., 2007) but
the relationship between HR and exercise is usually determined using an equine treadmill, or a test completed on a track,
access to which is often limited. Simple alternative methods which are highly reproducible and easy to complete could be
of value. The aim of this study was to produce a simple method which compared the response of equine HR to different
equine exercise regimes measured using an electronic monitor that is simple and easy to use. The simplicity of the method
would mean that it can be completed by all equine owners/trainers and not limit equine cardiovascular research to only
those who have access to an equine treadmill or outdoor track.

Materials and methods Five horses completed five different exercise regimes (TRT) in a replicated 5 X 5 Latin square
design: TRT 1- flatwork; TRT 2 - lungeing (work on a constant circle); TRT 3 - lungeing with a rider; TRT 4 - jumping in
an indoor school and TRT 5 - riding outdoors in woodland. Each TRT lasted 30 minutes and consisted of ten minutes walk,
ten minutes trot and ten minutes canter sequentially. Within each square horses completed successive exercise regimes over
a period of two weeks with one or two days interval between completions of the TRT. The experiment was completed three
times. Horses were of a similar size and fitness level and were offered the same basic diet of 6-8 kg concentrates daily and
haylage ad libitum. One mare and four geldings were used. A polar HR monitoring system (Polar Vantage NV™ | Polar
Electro OY, Kempele, Finland), was used to measure HR from when the horse commenced at a walk and continued for the
duration of each TRT. Recovery HR was recorded for ten minutes after exercise stopped as the horse was cooling down in
walk. The monitoring system recorded HR every 15 seconds for the duration of each TRT and recovery period. Average
HR was taken as an average of all HR recordings taken during the 30 minute TRT period. Basal HR was measured as an
average of the first four HR recordings at the initiation of exercise. Statistical analysis was performed using Minitab
(Version 15) using a General Linear Model testing effects of horse, square, period and TRT on average HR, basal HR,
recovery HR (time taken for HR to decrease to basal HR level), time to reach maximum HR and maximum HR. Basal HR
was used as a covariate for all responses except the basal HR mean values. When effects of TRT were significant a Tukey
Pairwise Comparision test was used to determine differences between individual treatments.

Results Type of exercise has a significant effect on average and basal HR (P<0.001). There was no effect on the other
variables. Individual horses had different average HR but the effect of horse was not significant for other variables.

Table 1 Effects of exercise regimes on average and basal HR (beats per minute (bpm)) in horses. (n = 15 per TRT;
different superscripts show differences between individual treatments).

Treatment SEM P-Value
1 2 3 4 5
Average HR ~ 99.1 87.0° 96.2¢ 100.2*  111.8° 156 0.001
Basal HR 36.8* 36.6° 37.3° 41.4° 414> 157 0.001

Conclusions An electronic HR monitor was a useful tool for monitoring HR response to exercise without specialist
facilities. Of the exercise regimes compared, the highest average HR was measured during TRT 5 whilst TRT 1 was
associated with the lowest. Basal HR was significantly higher during TRT 4 and 5, (table 1). Different ground surfaces,
(Sloet van Oldruitenborgh-Osterbaan and Barnevald, 1995), different energy needs for different activities (Lawrence,
1997), or environmental factors (Harris ez al., 2007) are a few possible reasons for the differences in average and basal HR
measured. Effects of excitability cannot be ruled out; expectation may explain the higher basal HR for TRT 4 and 5.
Excitability can notably affect results when HR values are below 160 bpm (Harris et al., 2007). Horses 1 and 5 had
significantly different HR (P<0.05) (data not shown). Although horses used were of similar fitness levels, a detailed
assessment of fitness may be beneficial in future work. With advancement in technology available for equine
cardiovascular research, such as the use of global positioning systems, (Harris et al., 2007), methods of assessing equine
fitness and response to exercise will continue to improve and become more accessible for all members of the equine
industry in the future.

Acknowledgements Dr. Darren Juniper, University of Reading, for advice and help on the completion of the statistical
analysis

References

Harris, p. Marlin, D.J. Avidson, H. Rodgerson, J. Gregory, A. and Harison, D. 2007. Journal of Equine and Comparative
Exercise Physiology 4, 15-21

Lawrence, M.L. 1997. Journal of Equine Veterinary Science 17, 368-369

Polar electro OY. 1995 Polar Vantage NV ™ Users Manual, Fin 90440, Kemele, Finland

Sloet van Oldruitenborgh-Osterbaan, M. and Barnevald, A. 1995. Vet Record 137, 136-139

https://doi.org/10.1017/52040470010001986 Published online by Cambridge University Press


https://doi.org/10.1017/S2040470010001986

056

The influence of equine facial dermatoglyphic profiles on English and Irish Thoroughbred

(Equus caballus) flat racehorse performance ratings

JM Williams

Hartpury College, University of the West of England, Gloucester, United Kingdom
Email: jane.williams@hartpury.ac.uk

Introduction Relationships are established between dermatoglyph profiles and temperament, laterality and abnormal
behaviour in multiple species. A further relationship between Thoroughbred dermatoglyph profiles and predisposition to
exhibit non-ridden stereotypies has recently been demonstrated (Williams, 2009). The British Racing Industry exhibits high
wastage of horses contributable to poor performance or injury (McGee, 2006). A non-invasive external indicator of
performance could have substantial economic and welfare value. The study aimed to determine if facial dermatoglyph
profiles (skin patterning: morphological or topographical parameters of trichoglyphs) would correlate to performance
ratings for flat racing in Thoroughbred racehorses to establish their potential as indicators of performance.

Materials and methods The study population comprised English or Irish Thoroughbred horses (Equus caballus) (n=21)
who were actively engaged in training for flat or National Hunt racing. All subjects included had attained racing post
ratings (RPR) for flat racing in the UK and exhibited facial trichoglyphs. Horses presented with a mean age of 6.81+3.28
years, range 3-11 years, variable colour and a gender distribution of 15 (71.43%) geldings and 6 (28.57%) mares. A facial
dermatoglyph profile was produced for each horse utilising previously validated methods (Murphy & Arkins, 2008).
Individual trichoglyphs (Figure 1) were photographed, by the same experimenter, using a 10.2 mega-pixel Canon 400D
digital camera (Adobe Photoshop: version 9.2) to enable remote analysis. Trichoglyph location in respect of vertical and
horizontal position was recorded; orientation was identified as clockwise, counter- clockwise or radial. RPR data for the
individuals’ flat racing performance were collated from the Racing Post website; career best rating was selected to
represent optimal performance. RPR interpret confounding variables (weight, distance and handicap) to produce an
acknowledged comparable performance rating. The mean RPR for the sample population was calculated (77.52+25.12) and
individual RPR were ranked as <average or >average for the purpose of analysis. A series of Kruskal Wallis and Spearman
Rank Correlations were performed to identify relationships between facial trichoglyph orientation, trichoglyph location,
and trichoglyph orientation and location with RPR for flat racing.

Results Statistical analysis exposed few significant relationships. Trichoglyph position exhibited a positive correlation to
less than average RPR (P=0.001) in this population. A summary of the results obtained are presented in Table 1.

Table 1 Summary of results

Spearman Rank  Kruskal-Wallis

Correlation
Position: <average RPR P=0.001 P>0.05
Position >average RPR P>0.05 P>0.05
Orientation <average RPR P>0.05 P>0.05
Orientation > average RPR P>0.05 P>0.05
Position & Orientation <average RPT ~ P>0.05 P>0.05
Position & Orientation >average RPT  P>0.05 P>0.05

Figure 1 Facial trichoglyph

Conclusion Trichoglyph facial position appears to be a viable external indicator of phenotypic predisposition to poor
performance levels in the English and Irish Thoroughbred engaged in flat racing. Further research within a wider
population and with consideration to trichoglyph facial position, morphology, orientation and complete dermatoglyph
profiles (whole body) is warranted.

Acknowledgements The Seale Hayne Educational Trust is acknowledged for funding
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owners for their support.
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Introduction Embryo transfer is becoming increasingly important as a modern reproductive technology in the equine
industry. Benefits include the production of multiple offspring from one mare (donor) in the same year; the ability to allow
athletic mares to continue competing without time spent breeding; the maintenance of top bloodlines (Pashen et al, 1993);
avoidance of infertility; reduction in the risk of disease spread and, due to the above reasons, huge financial advantages
(Noakes et al, 2001). This study aimed to assess factors suggested to be important in the success rate of this procedure.

Materials and methods The embryo transfer (ET) method used was modified from that described by Douglas (1982),
Paschen (1985) and Sertich (1989) whereby an embryo from a genetically superior mare and stallion is transferred to a less
valuable donor mare that will carry it to term. All procedures were carried out in situ inclusive of treatments used to aid
natural oestrous cyclicity and prepare some mares’ uterine environment as well as semen extraction and the artificial
insemination prior to ET. The donor mares all carried a high proportion of Thoroughbred (TB) blood and were polo ponies
(n=135), aged 2.5 to 28 years, weighing 350-500kg. The stallions (n= 17) used were mostly TB, and all were registered
with the Argentine Association of Breeders of Horses for Polo. They ranged in age from 3 to 28 years old and all had
proven fertility. The recipient mares (n= 504) were Criollo, semi wild and handled minimally. The mares were selected on
the basis of specific criteria related to age (3-9 years), size, body condition, conformation, type, temperament, and
normality of the reproductive tract (as described in Paschen et al, 1993). If recipient mares did not retain a pregnancy and
no abnormalities were detected they were reused. Synchronisation of oestrus cycles between donor and recipient mares
ranged from -1, when the recipient ovulates the day before the donor, to +4 days when the recipient ovulates 4 days after
the donor. This was primarily achieved through the natural cyclicity of the mares enabled by the ratio of donor to recipient
mares. The main measurement of interest was pregnancy diagnosis; this was achieved by rectal palpation and
ultrasonography. Success was defined as a positive pregnancy diagnosis 60 days post ovulation. Statistical analysis was
carried out using SAS (SAS Institute Inc). Initially, individual variables were analysed using linear regression. In the final
statistical model, data was entered into a logistic regression output incorporating all significant variables as a combination.

Results The results of the linear regressions are shown in table 1. The following were also significant, but were not entered
into the logistic regression due to low numbers of observations. The stallion has a significant (p<0.001, df= 47) effect on
embryonic development and growth. There was a significant interaction between the location within the ovaries
(bilateral/unilateral) and the relative timing of each ovulation (synchronised/unsynchronised) (p<0.001, df= 3,). The ET
clinician was an important factor with variation in success rate of between 27% and 82%.

Table 1 The effects of individual variables on the success of ET (linear regression)

Variable Significance Relationship fer the | ol q .
: After the logistic regression, 3 variables remained significant
Negative

Ageofmare P P<0.001 (highlighted in Table 1). The logistic regression
Ovulation to flush interval  p<0.001 gatv suggests the following equation to predict success:
Embryo number p<0.001 Positive 1.5001 + (x * - 0.0538) + (y * - 0.4038) + (z * 2.6973)
Time embryo stored NS Where x = age in years, y = ovulation to flush interval in days
Presence of uterine debris  P=0.011 Negative and z = number of embryos. A probability score is thus
Flush date P=0.008  Negative generated.
Hour of day P=0.040 Positive Conclusion
AT to flush interval P=0.029 Negative It was established that there should be a higher success rate
Environmental temperature NS for younger mares, a shorter ovulation to flush interval and
Flushes per mare P=0.016 Negative greater embryo nurpber produced (oyulgtion). W@ather

e .. (temperature and rainfall) were not significant variables
Artificial Insemination NS

) which was unexpected due to the nature of the recipient
Rainfall NS management and the nutritional content of their grazing. An
experienced clinician and proven stallion is required to optimise this procedure. If the success of ET can be improved there
are huge economical implications within all performance equine industries as it enables use of the best genetics in
competitive careers as well as for breeding.
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Introduction The extent of linkage disequilibrium (LD) within a population is important when determining the number of
markers required for genetic analyses such as association studies and can also impact on the likely accuracy of both
marker-assisted and genomic selection. It has been proposed that the average LD over different genomic distances can be
used to infer ancestral effective population size (de Roos et al. 2008; Tenesa et al. 2007). Whilst the extent of genome-
wide LD has been investigated in a variety of livestock species, including cattle, pigs and chickens, this paper represents
one of the first such studies with respect to the equine.

Materials and methods The data for this study consisted Illumina Equine SNP50 BeadChip genotype data for 817 UK
Thoroughbred horses. 28% of the 54,602 available single nucleotide polymorphism (SNP) markers were excluded due to
monomorphism, poor genotyping quality (genotyping in <95% of samples), deviation from Hardy-Weinberg equilibrium
(p<0.0001) and low minor allele frequencies (<0.05). The LD measure r*> was calculated for all remaining syntenic markers
pairs and expressed as a function of genomic distance for each chromosome. Marker pairs were broadly divided into three
distance (Mb) categories: [0,0.1], [0.1,20] and [>20]. Within each category, marker pairs were ordered on the basis of
distance and divided into 20 equally sized bins, each containing markers of approximately equal pairwise genomic distance.
The effective population size at different stages in the past was estimated from the average 1* and average marker distance
of each of the bins. The equation used for this estimation was Ny =(1/4c(1/-1), where Ny is the effective population T
generations ago, and c is the marker distance in Morgans, assuming IMb=1cM, and T = //2¢ (Hayes et al. 2003; de Roos et
al. 2008; Tenesa et al. 2007).

Results Average r* decreased with increasing genomic distance, as expected. The decline in LD appears to be less rapid
than that seen in cattle populations, with mean r*> values at a mean distance between markers approaching 0.1Mb
maintained above 0.2 for nearly all chromosomes. By way of example, in the case of Chromosome 1, at mean marker
distances of 10kb, 40kb and 100kb, the mean r?> values (+SE) were calculated as 0.48 (0.022), 0.34 (0.018) and 0.31
(0.017), respectively. The results of most interest in terms of the prediction of past effective population size, were those
produced in the distance category 0.1Mb to 20.0Mb; the number of generations ago calculated from marker distances in
this group ranged from two to 100 generations in the past and the Thoroughbred population was formed around 300 years
ago (representing approximately 25-30 generations). The results for Chromosome 1 can be seen in Figure 1. The pattern
of Nt observed is much different to that seen in cattle (de Roos ef al. 2008).
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Figure 1 Effective population size along the population history, estimated from the average r? at different marker distances
of markers on chromosome 1 (the number of generations in the past was truncated at 35).

Conclusion In the Thoroughbred population studied, LD declined with increasing genomic distance but at a less rapid rate
than that seen in cattle populations. Estimations of ancestral effective population size suggest that the breed underwent a
population expansion, relative to its starting population size, beginning approximately ten generations ago; a pedigree
analysis would be useful to validate this hypothesis. The potential effect of population stratification on these analyses has
not yet been investigated but is of interest.
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Introduction Eventing is the equestrian sport in which horse and rider compete in each of the three individual disciplines —
dressage, show jumping and cross-country. In Great Britain eventing competitions are graded — prenovice (P), novice (N),
intermediate (I) and advanced (A). Genetic evaluations for eventing are rarely performed. Ideally, an evaluation would
evaluate the individual grades of competition separately. Disciplines and grades could then be combined to give an overall
evaluation, potentially allowing for different heritabilities and competition weightings. The objective of this study was to
estimate the variances and covariances (3 matrices of 78 components, i.e. 234 components in total) required by industry for
the prediction of breeding values for eventing.

Materials and methods

Eventing competition results were obtained from British Eventing. Competition results between 1999 and 2008 were
analysed. Penalty points awarded for each discipline were transformed into a normal score for the competition class.
Variance components for random effects (sire, horse’s permanent environment and rider) were estimated, while allowing
for the effect of fixed variables on the horse’s performance. Horse sex, age (linear and quadratic covariates), and
competition class were included as fixed effects. A sire model was implemented. This was performed using a series (n=66)
of bivariate mixed effects models and Residual Maximum Likelihood (REML) in ASReml (Gilmour et al., 2006), in which
all combinations of discipline and grade were fitted in turn. Heritabilities of the 12 traits, genetic correlations, rider and
horse permanent environment correlations were estimated.

Results
19829 horses competed in a total of 6875 competitions. The total number of  Taple 1 Heritabilities for each of the
records was 345067 but eliminations during the competition resulted in less discipline-grades

records for show jumping (n=330092) and cross-country (n=301320). 3017 sires Discipline-grade _ heritability (SE)

were represented and 11841 riders. Heritabilities for all grades in all disciplines

were significant, with the exception of cross-country advanced and intermediate ~ Dressage A 0.090 (0.041)*
(Table 1). Heritabilities for show jumping were highest (8.2-15.7%) followed by =~ Dressage I 0.071 (0.017)*
dressage (7.1-9.0%). Heritabilities for cross-country novice and prenovice were  Dressage N 0.075 (0.012)*
low (1.4%). Dressage P 0.083 (0.010)*

Within  discipline, for dressage and show jumping individually, genetic ~ Show jumping A 0.157 (0.039)*
correlat.ions were high ‘0.6.3—0.99. .Bejtwejen disciplines? i.n . general, genetic  ghow jumping I  0.082 (0.014)*
corrqlahons were not 51gn1ﬁcaqt, 1pdlcat1ng tl.lat. no discipline was a good  gpow jumping N 0.096 (0.011)*
predictor of success (due to genetics) in another discipline. . . %
. ) . . . Show jumping P 0.100 (0.009)
The rider explained approximately 25% of the total phenotypic variance for each
. . . . Cross-country A 0.026 (0.020)
of the dressage phases, and was highest in advanced. For show jumping and
cross-country the rider explained approximately 10% of the phenotypic variance, ~ Cross-country I 0.003 (0.005)
The effect of the horse’s permanent environment was also greatest for dressage Cross-country N 0.014 (0.005)*
(16 — 21% of total phenotypic variance). For show jumping and cross-country the = Cross-country P 0.014 (0.004)*

permanent environmental variance was signiﬁcant for most discipline-grades,  * jndicates significant values
accounting for 5 - 9% of total phenotypic variance.
Horse sex and age had significant effects on performance.

Conclusions

Heritabilities for each of the eventing disciplines at every grade were significant, with the exception of the highest grades of
cross-country. Heritabilities for show-jumping were 8.2-15.7%, for dressage 7.1-9.0%, and for cross-country novice and
prenovice were 1.4%. Therefore there is potential to select for performance in eventing in the horse population competing
in GB.

Variance-covariance matrices have been estimated, ready for use by the industry for prediction of breeding values. This
will enable a multivariate analysis of all traits, yielding 12 breeding values for each horse. It is recommended that values
are incorporated into an index value - overall, or possibly for each discipline - although all 12 values could potentially be
presented. The advantages of this approach are that all information is included and that breeding values will be predicted
for all discipline-grades irrespective of whether the horse has competed at that grade or not (based on genetic correlations
between grades and performance of relatives).
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Introduction Genomic selection is becoming common practice in animal breeding. It uses genome-wide dense marker
maps, to accurately predict the genetic ability of animals, without the need to record phenotypic performance from the
animal itself or from close relatives. Presented applications of genomic selection have mainly been limited to
implementations where genomic breeding values are estimated using single trait models. A major breakthrough in
traditional breeding value estimation was the application of multi-trait breeding value estimation, for instance to combine
mastitis and somatic cell count information. Therefore, our objective was to develop multi-trait genomic breeding value
estimation methods.

Materials and methods Four different multi-trait models were considered: 1) a model with a traditional pedigree based
relationship matrix (A-BLUP), 2) a model where the traditional pedigree based relationship matrix is replaced by a
genomic relationship matrix based on markers (G-BLUP) (e.g. VanRaden, 2008), 3) a model that includes SNP effects
drawn from a single distribution (BayesA), and 4) a model that includes SNP effects drawn from two distributions to
distinguish between SNPs that are (not) associated with QTL (BayesC) (a single trait implementation is presented by Calus
et al., (2008)). The second model assumes equal contribution of each SNP to the total additive genetic (co)variance. Model
3 and 4 explicitly estimate the (co)variance of the SNP effects, per sampled distribution of SNP effects. The additive
genetic (co)variance matrix was used as prior information for the SNP variances. The four models were applied to two
simulated traits with heritabilities of 0.9 and 0.6, to reflect e.g. de-regressed proofs, having a genetic correlation of 0.2, 0.5
or 0.8 between them. In the simulated data, 2 generations of 500 animals each were available with phenotypes for both
traits, and thus formed the reference population. Two additional generations of 500 animals were used as validation data,
e.g. their breeding values were predicted while they had no phenotypic information of their own or from offspring in the
model.

Results Increases in accuracy, due to applying multi-trait instead of single trait genomic breeding value estimation,
depended on the genetic correlation between the traits. At a genetic correlation of 0.8, the accuracy of the breeding values
of animals without phenotypes for the second trait increased by 0.03 to 0.07 (see Table 1). At a genetic correlation of 0.5,
this increase ranged from 0.01 to 0.04. The highest increase was found using model BayesC, followed by BayesA, G-
BLUP, and A-BLUP respectively. Regression of the simulated on the estimated breeding values showed that the estimated
breeding values were generally unbiased.

Table 1 Increase in accuracies for breeding values of the first generation of animals without phenotypes, obtained from
multitrait versus single trait models.

Genetic correlation

Model 0.5 0.8

A-BLUP  0.009 0.034
G-BLUP 0.017 0.052
BayesA  0.024 0.056
BayesC  0.040 0.071

Conclusions In a scenario where all animals in the reference population have phenotypes for all traits, multi-trait genomic
breeding value estimation showed an increase of up to 0.07 in accuracy for juvenile animals, compared to single trait
analysis. Thus, the application of multi-trait genomic selection in this scenario proved to be more accurate than single trait
genomic selection. In practice, higher accuracy increases are expected when one of the traits is measured on some of the
animals only.
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Introduction The use of selection indices in the Scottish Blackface (SBF) breeding programme results in significant
economic gains at farm and national levels (Amer et al., 2007; Conington et al., 2008). Recent developments in the ovine
genome sequence have made dense marker panels available allowing for the prediction of genomic merit and the
implementation of genomic selection (GS) in sheep. The prediction of genomic merit relies on establishing the associations
between phenotypes and the dense marker panels in training populations. The aim of this study was to assess the impact on
the response to selection of including genomic predictions in the SBF current breeding programme and in an alternative
young ram programme considering different training population sizes.

Materials and methods Selection index theory was applied to predict the responses to selection for scenarios with and
without the inclusion of genomic predictions. The breeding goal comprised lamb (carcass fat and lean weights and weaning
weight) and maternal traits (mature size, litter weight weaned and litter size reared) and their economic values as reported
by Conington et al. (2008). The recorded traits included the same maternal traits as in the breeding goal together with
muscle and fat depths by ultrasound scanning and body weight at scanning. Phenotypic and genetic parameters were those
used in the SBF national genetic evaluation (NGE). Breeding population parameters were calculated using the SBF NGE
database. Two breeding program structures were considered: (i) the current breeding programme (CBP) in which young
and older rams are used, and (ii) a young ram programme (YRP) which only included the new rams with no progeny
information. Proportions of animals selected and generation intervals for rams and ewes are presented in Table 1. The
effect of GS was considered by combining the conventional estimated breeding values (EBV) and the genomic EBV
(GEBV) in the selection indices. The GEBV accuracies were calculated as a function of the heritabilities of the traits used
in SBF NGE, the number of loci affecting the traits, the number of phenotypic records in the training population (TRP) and
the effective population size (Ne) (Daetwyler et al. 2008; Goddard, 2009). In this study the effects of Ne of 300 and 500
animals and different training population sizes were evaluated. Genetic and phenotypic correlation matrices including
EBVs and GEBVs were calculated based on the approach proposed by Dekkers (2007).

Results Table 1 shows the economic annual Table 1 SBF breeding programme with and without genomic markers

responses to GS in combination with the current Parameters Current programme Young ram programme
strategy expressed relative to the response Proportion selected Rams, 0.04; Ewes, 0.50  Rams, 0.04; Ewes, 0.50
observed in the current program (£47/year/100  Generation interval Rams, 2.30; Ewes, 3.63 Rams, 1.50; Ewes, 3.63

ewes). The decrease of the response in the YRP

compared with the CBP can be explained by the  Relative economic annual response to selection (%)
lower accuracy of EBVs (due to less phenotypic ~\ethod  TRP Ne=300 Ne=500 Ne=300 Ne=500

information) but this is partially traded-off by "pgv 100 37

the lower generation interval. The inclusion of gy 1000 101 100 94 91

GEBVs increased the responses in both CBP 2000 105 102 101 96

and YRP. For training populations of 3000 GEBV 3000 108 105 107 100
animals, the response in the YRP was very 4000 111 107 112 104
similar to the one achieved in the CBP. Larger 5000 114 109 117 108

training population sizes increase the responses
and the rate of improvement depends on

Ne and breeding programme structure. For a given Ne, a higher increase of the annual response was observed in the YRP
with the rise in training population sizes. Higher accuracies of GEBV associated with larger training population sizes had a
more significant impact on the total accuracies in the young rams because of the lower EBV accuracies compared to older
rams. Although similar trends were observed for both Ne, the improvement rate of the economic response to GS was higher
with a Ne of 300 animals.

Conclusions The genetic improvement to farm profit by the inclusion of GS in the SBF CBP ranged between 1 to 14%.
Proportionally greater increases were found with larger training populations. Optimising GS strategy should consider
improved responses at national scale and training population costs, as well as the real undetermined SBF population size.
Optimal genetic and economic responses using GS may imply the re-definition of breeding programmes.
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Introduction Growth hormone (GH), also known as somatotrphin, is a key molecule in many of the physiological
processes that are related to cattle performance traits such as milk production (Etherton and Bauman, 1998). The actions of
GH are mediated by binding to the GH receptor (GHR). Variation in the bovine GHR gene sequence has been shown to be
associated with a number of performance traits in cattle. For example, the non-synonymous single nucleotide
polymorphism (SNP) F279Y in exon 8 which codes for the transmembrane domain of GHR is widely reported to be
associated with milk yield and composition (Blott et al. 2003). However, there is little information on the associations of
bovine GHR SNPs with performance traits in the Irish herd. The present study aimed to discover new SNPs in the bovine
GHR gene and quantify the associations of these, alongside previously published bovine GHR SNPs, with performance
traits in Holstein-Friesian cattle in Ireland.

Materials and methods For SNP discovery, ~1 kb of sequence, surrounding bovine SNPs reported in the Btau 4.0 build
of the bovine genome ENSEMBL database, was amplified by polymerase chain reaction (PCR) of genomic DNA extracted
from unique blood samples from 22 cattle of 5 different breeds (4 Simmenthal, 4 Angus x Holstein, 4 Belgian Blue x
Holstein, 6 Holstein and 4 Charolais). PCR amplicons were sequenced bi-directionally using the Sanger method. To
identify novel SNPs, 22 forward and reverse sequences for 19 amplified ~1 kb bovine GHR gene regions were aligned
using ClustalW version 2.0. Chromatograms were analysed using Chromas Lite to confirm identity of the SNPs and
determine whether they were homozygous or heterozygous. Genotyping for 32 putative novel bovine GHR SNPs and 7
previously published bovine GHR SNPs was carried out on genomic DNA from 848 Holstein-Friesian sires using the with
the iPLEX Gold assay (Sequenom, San Diego, CA, USA). Predicted transmitting abilities (PTAs) and their associated
reliabilities for traits that were evaluated by the Irish Cattle Breeding Federation in the January 2009 domestic genetic
evaluations, were available for inclusion in the analysis. PTAs were de-regressed and parental contribution to the reliability
of each PTA was removed. Only sires with a reliability, less parental contribution, of >60% were retained for inclusion in
the association analysis. The association between each SNP and performance trait was quantified using weighted mixed
models in ASREML with individual included as a random effect, and average expected relationships among individuals
accounted for through the numerator relationship matrix. Year of birth (divided into 5 yearly intervals) and percent Holstein
of the individual sire were included as fixed effects in the model. The dependent variable was de-regressed PTA, weighted
by respective reliability less the parental contribution. Genotype was included in the analysis as a continuous variable
coded as the number of copies of a given allele. A multiple regression mixed model (MRMM) was developed by backward
elimination of the non-significant (P > 0.05) segregating SNPs.

Results In total, 32 putative novel SNPs (30 transitions and 2 transversions, all biallelic), spanning the majority of the ~300
kb bovine GHR gene were discovered by resequencing ~19 kb of the gene in 22 animals of different breeds. Following
genotyping of 848 Holstein-Friesians for the 32 putative novel SNPs and 7 previously published SNPs, 25 putative novel
SNPs and one previously published SNP were eliminated because they were either monomorphic, had a minor allele
frequency (MAF) of <2%, had abnormally high heterozygosity (>99.9%), or were in complete linkage disequilibrium (LD)
with another SNP. After MRMM analysis of the 13 remaining segregating SNPs (MAF 4% - 48%), 11 SNPs (including 7
novel SNPs) remained associated with at least one of 24 performance traits including traits for milk, growth, size and
survival. Of particular interest was a novel SNP (ss159831013) in the GHR 5’ non-coding region (238 kb away from
F279Y) which was not in linkage disequilibrium (LD) with #279Y and remained associated with milk yield after MRMM
analysis. This suggests that the ss159831013-milk yield association is independent of the F279Y-milk yield association. In
addition, following MRMM analysis, there were associations of 5 novel and 5 previously published bovine GHR SNPs
with 11 growth and size traits. ss159831013 and a previously published SNP (AF126288-149) in the 5’ non-coding region
showed associations with progeny carcass weight and angularity that both remained following MRMM analysis. Four
previously published SNPs in the coding region (1 in exon 8 and 3 in exon 10) remained associated with 9 size and growth
traits (1 SNP per trait) after MRMM analysis. One of these (H545) is a synonymous SNP in the bovine GHR exon 10 and
was associated with 7 size and growth traits. Association of H545 with size and growth traits has not been reported
previously.

Conclusions Newly discovered SNPs in the bovine GHR gene show associations with performance traits in Holstein-
Friesian cattle in Ireland. These associations are independent of previously published bovine GHR SNPs and, therefore,
may be of use as novel molecular breeding markers.
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Introduction The objective of the Pedigree Sheep Breed Improvement Programme (PSBIP), operated by the Department
of Agriculture Fisheries and Food, is to increase lean tissue growth rate in breeds used as terminal sires (Murphy et al.
1999). Genetic evaluation (an index called LMI; base = 100, s.d. = 30) is based on live weight and ultrasonic muscle and
fat depths recorded at ~120 days of age. The genetic correlation between the index and 120 day weight is ~0.7.
Participation in the PSBIP by pedigree breeders has declined over recent years reflecting the absence of any clear market
signal favouring rams with LMI data. The latter is assumed to reflect a perception that such rams do not enhance progeny
performance compared with rams without LMI information. This study was designed to evaluate the growth benefits from
rams with a positive LMI index under commercial farm conditions.

Materials and methods Pedigree Suffolk and Charollais rams were purchased at the principal breed society sales (and thus
can be taken as good representatives of the breeds in question). The rams purchased either had high LMI values (at least
110) or had no breeding value information (non-LMI rams). The latter rams had to be from flocks that had not been in the
PSBIP and the ram’s sire could not be from a flock that had participated in the PSBIP. The mean LMI values were 145 (n
= 27) for Charollais and 161 (n = 21) for Suffolk. The number of non-LMI rams was 28 and 24 for Charollais and Suffolk,
respectively. Rams were used on one of 6 commercial flocks and both LMI and non-LMI rams from the same breed were
represented in each flock each year (2005 to 2008). The breed(s) used on any particular flock was constrained by flock-
owner preference. Single-sire mating groups were formed by random assignment of ewes within age (2-tooth or older)
categories and joining was usually limited to 17 days. Ewe identities were provided by the National Sheep Identification
System. All live lambs were tagged within 24 h of birth when dam identity, sex, birth date and live weight were recorded.
These details were also recorded for dead lambs. Lambs were weighed at around 5 weeks of age and at weaning (about 14
weeks of age), when ultrasonic muscle and fat depths were recorded. Available lambs were weighed and scanned again at
about 1 month post weaning. Lambs were drafted for sale as per the individual farm practice. Lamb growth data were
analysed (Proc MIXED of SAS) using a model with fixed effects for year, farm, dam age, sex, birth and rearing type, sire
breed and index category(LMI or non-LMI). Individual ram effects were fitted as random within breed by index sub
groups.

Results The mean LMI for the Charollais and Suffolk rams used were 1.5 and 2.0 s.d. above the base for the respective
breeds and, thus, represented the best 15% and 6% of the populations, respectively. Total progeny from LMI and non-LMI
rams were 1657 and 2363 for Charollais, and 1648 and 1562 for Suffolk, respectively. The growth data for lambs are
summarised in Table 1 together with estimates of the difference between LMI and non-LMI progeny. The only significant
difference detected between progeny of LMI and non-LMI sires was for weight at 5 weeks for the Charollais breed (LMI
significantly lighter than non-LMI). The variance components for sires yielded h? estimates (s.e. ~0.02 in all cases), pooled
across breeds, of 0.07, 0.09, 0.08 and 0.08 for birth weight, growth rate to weaning, weaning weight and live weight at 120
days, respectively. The heritability estimate for weaning weight is close to the estimate of 0.1 + 0.05 reported by Hanrahan
(1999) using data obtained under research flock conditions.

Table 1 Effect of sire lean meat index (LMI) status on progeny growth

Factor Growth trait
Birth weight Live weight (kg) at Growth rate
(kg) 5 weeks 14 weeks 120 days (g/day)

Birth Type

Single 5.7 17.2 34.9 39.1 301

Twin 4.8 14.3 30.7 34.9 264
LMI versus non-LMI

Charollais -0.0 £ 0.04 -03*+0.11  -03+0.25 -0.4 +0.27 -3+24

Suffolk +0.1 +£0.05 -0.0+0.18  +0.3+£0.27  +0.3+0.30 +3+2.7
Farm effect

Range for twins (kg) 4.3-5.1 13-16 28-35 33-39 235-306

Conclusions The absence of evidence for a significant benefit to lamb growth from using above average LMI rams is
consistent with the lack of positive market signals for LMI rams from commercial producers. The results highlight the
importance of the current redevelopment of the genetic evaluation system for Irish sheep, and the need to avoid unrealistic
projection of expected genetic gain.
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Introduction It is commonly thought that by selecting for increased early lamb growth the mature weight of the breeding
ewe population will increase. This notion has rarely been tested using measurements taken on the same animals since most
meat animals are slaughtered at a young age and most breeding sheep are rarely weighed throughout their lives. Random
regression is commonly used to study the genetics of a trait repeatedly measured on a linear scale e.g. time. In such
analyses an overall curve is used to ‘correct’ the data for variation in the trait on the linear scale and random regression
curves are fitted for each animal to investigate how additive variance changes along this scale. Polynomials are commonly
used for both regressions (fixed and random) but such methods suffer from drawbacks. Firstly there may be heterogeneous
variance over the linear scale and a polynomial may not best describe the overall trend in the trait. In this research the use
of standardised data was investigated as a means to circumvent both problems in an analysis of lifetime liveweight in ewes
and the results used to investigate the genetics of lifetime ewe weights.

Materials and methods The data used in this study came from a fully recorded and pedigreed flock of 600 ewes weighed
three-times a year (mating, lambing and weaning) and also as lambs at birth, 6 and 16-weeks of age. Data were available
for 1,390 ewes born over a 13-year period. Research aimed at finding an appropriate model to describe lifetime ewe weight
(Pollott and Galea, 2010) highlighted the lack of fit for the commonly used polynomial approach and no suitable linear
model was found to use in a random regression. In addition the variance of liveweight was heterogeneous over the 7-year
lifespan of the ewes and using (potentially) 21 different variance components was not an option due to program limitations
(Gilmour et al, 2006). To overcome both problems the data was standardised for each of the 21 weights after Pollott and
Greeff (2004). Standardisation was achieved by calculating the mean and SD for each of the 21 weighing times. Each
individual ewe weight was then ‘standardised’ by subtracting the appropriate mean and dividing by the appropriate SD. The
effect of this was to give each weight a similar mean and variance. The standardised data were analysed using a mixed
model in ASREML (Gilmour et al., 2006) fitting birth type, birth year and dam age as fixed effects, and genetic and
maternal random regression terms for ewe and dam respectively. Comparative results were calculated using a univariate
animal model at each weight, and by setting ASREML to calculate a different residual variance for 10 of the most variable
weights. Heritability values were calculated as the ratio of the ewe variance to the phenotypic variance, where the
phenotypic variance was the sum of the ewe and residual variances or the sum of the ewe, residual and dam variances as
appropriate. Standard errors were calculated as described in Gilmour ef al. (2006). The covariance functions derived from
these analyses were used to investigate the change in genetic correlation between young and older ages.

= Results The results of fitting the various models are summarised
=% in the Figure as heritability values. The general trend in
heritabilities was to increase with age but some differences were
found in early life. When fitting a single residual and the
- ' maternal effect, 6-week weight heritability was lower than that at
birth. The wunivariate analyses showed a marked fall in
%u ] heritability after first mating but rose again after about 3 years of
B e g age. Both standardised random regression analyses showed a
= ' ———— similar pattern of heritability and the change in residual variance
& Umiariaic with age made little difference to the results and were greater
= —Sumiedaci irmdclweeezn | than  the  corresponding  univariate estimate. The genetic
= P — — === correlations shown in Table 1 show a very low level of
association between early lamb weights and a sample of weights
. - - = o = 0 = . .« [rom the same animals as mature ewes. Even at 4 months of age,
Sl lambs only had a genetic correlation of 0.24 with weight at 2
years; at older ages this correlation was reduced.
Figure 1 The heritability of liveweight calculated by 3 different methods.

Table 1 The genetic correlation between lamb weights and the mature weight of the ewe.

Conclusions Using standardised data is

Mating2  Lambing2  Lambing4 Lambing6 Mating 7 : s
a suitable method for overcoming a

Birth 0.11 0.10 0.11 0.06 0.04 poorly fitting overall regression model
6 weeks 0.16 0.14 0.12 0.09 0.06 in random regression analyses. USil’lg

this method it was apparent that early
16 weeks  0.24 0.21 0.14 0.13 0.10 lamb weight was not correlated with

mature ewe weight to any great degree.
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Introduction Growth and carcass trait EBVs have been produced for the UK beef industry since the 1990’s, with maternal
200 day milk being the only EBV available for female fertility (FF). To provide the UK beef industry with direct and
maternal EBVs for FF traits a research project was undertaken to consider trait definitions, model development and genetic
parameter estimation (Roughsedge e al., 2005a). Limousin heritability estimates from the study were generally low,
ranging from 0.04 (calving interval (CI)) to 0.27 (age at first calving (AFC)). Being sex-limited traits means that sires have
to wait until their daughters reproduce until performance information is available for a sire. Consequently, the sire is often
approximately 5 years of age by the time daughter performance records for FF traits are available for use in genetic
evaluation. For carcass traits, the sires own performance information is known at approximately 1-2 years of age. The
generally low heritabilities and performance records of daughters only available late in life means that sires are generally
older when they receive accurate FF EBVs. Despite these challenges, significant genetic improvement for FF traits is
achievable (Roughsedge et al., 2005b). In 2007 the EGENES/Signet genetic evaluations incorporated for the first time
EBVs for AFC, CI, calving ease (direct and maternal components), life span and gestation length (direct and maternal
components) (Coffey et al. 2007). However, feedback from industry suggests that these FF EBVs have been under utilised
in the UK beef industry. The aim of this work was to demonstrate the value of the FF EBVs for breeding replacement cows.

Materials and methods A 2009 routine Limousin genetic evaluation was used to select sire subsets representative of the
distribution tails for each trait. To ensure sufficient data only sires with relatively high accuracies were considered. There
were almost 25,000 sires recorded in total, with 10,220 and 4,278 sires having accuracies greater than 50%, respectively for
AFC and CI. From these sires and for each trait, the 200 best and worst ranked sires were selected. To evaluate selected sire
subsets, phenotypic records from contemporary groups (CG) containing progeny of selected sires were considered. The CG
definitions were the same as in the national evaluation and were based on the birth herd and date of birth for AFC and
calving herd, date of first calving and a six month season for CI. The individual phenotypic records were deviated from the
CG mean. These deviations from the mean were then compared for the different sire subset’s progeny. These deviations
were only within the CGs and were not adjusted for other effects (i.e. age effects) in the model. A ‘historic’ evaluation was
undertaken using current models and parameters but with data truncated from 1999. This run was then used to compare the
EBVs of high accuracy sires with when they were younger and less accurate.

Results Table 1 provides EBV summaries of selected sires and progeny phenotypic deviations from CG means. For
example, the CI EBV spanned 43 days for high accuracy sires, with 23.2 days being the average difference between sires
identified as being the best and worst for CI. A daughter from a best sire had a CI on average 7 days shorter than her CG,
while progeny of a worst sire had a calving interval on average 9 days later than her CG. Similar trends were observed for
all the FF traits (results not shown). Between 50 and 71 of selected sires were aged 0-5 years in the 1999 run. These sires
were ranked the same at both time points but with greater variation (because EBVs less accurate) when they were young
bulls compared to when they were high accuracy older sires. The best sires had AFC and CI EBVs of -0.08 (0.08) and -2.1
(5.0), respectively as young bulls and the worst sires had AFC and CI EBVs of 0.11 (0.10) and 4.6 (4.0), respectively as
young bulls.

Table 1 Summary of the female fertility EBVs for subsets of high accuracy sires representative of the best and worst and
their progenies mean phenotypic deviations (PMPD) from contemporary group means

Selected 200 best sires Selected 200 worst sires
Trait * EBV Mean (Range) N progeny PMPD (std) EBV Mean (Range) N progeny PMPD (std)
AFC -0.16 (-0.33 t0 -0.13) 1973 21 (101) 0.23 (0.19 to 0.33) 2349 17 (110)
Cl 9.8(-195t0-7.0) 2938 -7 ( 41) 13.4 (10.9 to 23.5) 3260 9 (48)

* AFC = Age at first calf (score based on days (phenotype in days)), CI = Calving interval (days)

Conclusions This work shows that progeny phenotypes from high accuracy sires are representative of FF EBVs from the
UK beef evaluations. Selection using the UK FF EBVs allows breeders to breed for cows that calve earlier and easier, have
shorter calving intervals, increased longevity and improved milking abilities. However, this work has highlighted an
important challenge for the UK beef industry to consider. The lower heritability and late in life performance measures of
the FF traits mean that sires are older (5+years) before accurate EBVs are available. Therefore selection strategies for FF
traits need to be a compromise between reduced generation intervals (i.e. selecting younger bulls) and increased EBV
accuracy (i.e. selecting older more accurate bulls).
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Introduction Most international dairy breeding programmes have selected for increased milk production. However, beef
output, such as calves and cull cows, remain an important financial contribution to a dairy farm. Van der Werf ez al. (1998)
reported that 10 to 20% of the gross income of a dairy farm is from the sale of calves and cull cows. Possible breeding goal
traits to reflect beef revenue from dairy enterprises include calf price and cull cow value. However, there is a paucity of
studies that have attempted to quantify the genetic variation present in calf and cull cow value in dairy herds, due mainly to
a lack of available phenotypes. The objective of this study was to estimate phenotypic and genetic parameters for calf price,
cow live-weight and cow price.

Materials and methods A total of 2,967,791 live-weight and/or animal value records from 2,506,110 animals sold at 71
livestock marts in Ireland between the years 2000 to 2008 inclusive, were available. Calves were defined as animals from
dairy cows sold between 2 days of age and 12 weeks of age. They were categorised into 3 age groups: 2 to 24 days, 25 to
42 days and 43 to 84 days of age. Cows were defined as animals that had calved at least once or were greater than 30
months of age at sale and were categorised into two age groups of 2 to 6 years of age, and 6 to 14 years of age. Animals
were removed if their sire, maternal grandsire, herd of origin, or mart of sale were unknown. For each calf only the first
record in time was retained; for cows the last record in time was retained. Calves are generally not weighed at livestock
marts and therefore only individual calf price information was available for inclusion in this analysis. Calves sold between
€2 and €450 were retained. For inclusion in the analyses, cows were required to weigh between 300 and 1000 kg and have
been sold for between €75 and €1500. Cows were classified both on their fate post-sale and, as a separate variable, on days
since last calving. Two contemporary groups definitions were formed for both calves and cows: mart-by-date of sale and
herd-by-year of sale. Only records from contemporary groups with at least 4 other records were retained. Following all
edits 40,157 calves and 17,504 cows remained. Phenotypic and genetic (co)variance components for animal price and live-
weight were estimated using animal linear mixed models in ASReml (Gilmour et al., 2009. Fixed effects considered for
inclusion in the models were: the two aforementioned definitions of contemporary groups, gender (for calves only), age of
animal at sale (continuous variable), the proportion of the 12 most commonly found dairy and beef breeds in Ireland,
calving ease (no assistance/unobserved; slight assistance; severe assistance; veterinary assistance), whether the animal was
born as a singleton or twin, parity of dam (1, 2, 3, 4, 5+, missing), dam age (in months) relative to the median age within
parity, heterosis, and recombination loss. When the dependent variable was cow price, the animal’s lactation number was
included in the model instead of dam parity and age of the animal relative to median calving age, replaced age of the dam.
Fate post-sale (based on days until next calving or days to slaughter) and stage of lactation (5 classes) were also added as
fixed effects. Prior to the estimation of variance components for price, residuals from a fixed effects model with price as the
dependent variable and the aforementioned fixed effects, with the exception of contemporary group, were standardised to
the mean residual standard deviation within the contemporary group of mart-date across the years 2004 to 2008. It is the
variance components of the standardised price that are reported in the present study. Data on live-weight was not
standardised. A series of bivariate analyses were also undertaken to estimate genetic correlations between traits within and
across maturity categories as well as between male and female calf price.

Results Calves sold for an average price of €156, at on average 28 days of age. Heritability for calf price varied from
0.24+0.09 to 0.52+0.24 across the three age groups. The genetic correlation between male and female calf price was
0.60+0.04. Heritability estimates for cow price were moderately low for the two age groups ranging from 0.12+0.09 (6 to
14 years of age) to 0.36+0.05 (2 to 6 years of age). The genetic correlation for price between the age groups for cows was
0.70 (S.E. =0.18). Heritability estimates for cow live-weight was 0.25+0.05 and did not vary by age group. The correlation
between calf price and cow price was weak (Table 1).

Table 1 Number of records (N), mean price in Euro and live-weight in kgs (1), genetic standard deviation (o), heritability
(h?; standard error in parenthesis), and coefficient of genetic variation (CV,) for calves and cows. Phenotypic (above
diagonal) and genetic correlations (below diagonal; standard error in parenthesis) between price and live-weight are also
presented.

Trait N u Oy h’(s.e.) CV, Calf price Cow price Cow weight
Calf price 40,157 156 249 0.32(0.03) 16.0 0.04 0.18

Cow price 17,504 549 252 0.07(0.03) 4.6 0.22 (0.06) 0.32

Cow weight 17,504 600 27.6  0.25(0.05) 4.6 0.11(0.05)  0.69 (0.08)

Conclusion Moderate heritability coupled with large genetic variation and the availability of routinely collected data
clearly indicates that both price traits could be included in genetic evaluations of dairy cattle in Ireland as both selection
criteria and as goal traits.
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Introduction Somatic cell count (SCC) is used widely as an indicator trait for both clinical and subclinical mastitis, and
was introduced into genetic evaluations in the UK in 1998. The present evaluations of SCC are based upon a single trait
repeatability lactation average model using the first five lactations. The test-day model is now widely adopted for routinely
recorded traits, thus the objective of this study was to estimate genetic parameters for SCC using a test-day model.

Materials and methods Log. SCC (LSCC) was analysed from a dataset consisting of 1,220,344 SCC tests from 43592
Holstein/Friesian cows during their first three lactations that calved between the years 1997 and 2009, and sired by 1654
bulls. Cows required records for all three lactations and a minimum of eight herd-test days were required for lactations one
and two, and a minimum of six herd-test day records for lactation three. Lactations were analysed separately and mean
LSCC for lactations one, two and three were 11.66. 11.91, and 12.22, respectively. The dataset was analysed in ASReml
(Gilmour et al., 2006) with a sire random regression model fitting Legendre polynomials of order 2 for sire effect and
permanent environmental effect of the cow. Residual variances for four classes were estimated according to lactation
stage: 4-24, 25-49, 50-249, and 250-305 days in milk.

Results Daily heritability (4°) estimates for LSCC tended to increase with increased days in milk and the average daily 4’
increased with increased lactation. The average daily i’ for lactations one, two, and three were 0.07, 0.10, and 0.11,
respectively. Daily 4’ estimates for lactations one, two, and three ranged from 0.06 to 0.10, 0.06 to 0.17, and 0.07 to 0.18,
respectively. Permanent environmental variances for LSCC were at their highest at the start of lactation, generally
decreased with stage of lactation, and increased with lactation number. Similarly, residual and phenotypic variances
decreased with stage of lactation / days in milk and estimates were higher with increased lactation number. Phenotypic
variances for LSCC ranged from 0.75 to 1.42, 0.74 to 1.71, and 0.83 to 2.01 for lactations one, two and three, respectively.
Mean phenotypic variances for LSCC were 0.87, 1.01, and 1.20, respectively. As expected genetic and permanent
environmental correlations were highest when days in milk were closest to each other (Table 1). Genetic and permanent
environmental correlations between days in milk for LSCC tended to be higher in lactation one. Within lactations the
genetic and permanent environmental correlations between days in milk had very similar values for lactations two and
three.

Table 1 Heritabilities (on diagonal), genetic correlations (below diagonal), and permanent environmental correlations
(above diagonal) on selected days for LSCC in the first two lactations.

Lactation 1 Lactation 2
Days inmilk 4 54 104 154 204 254 304 4 54 104 154 204 254 304
4 0.07 089 065 047 037 0.35 0.35 0.06 089 064 042 029 023 0.21
54 094 0.08 093 0.81 0.72 0.63 0.47 090 0.08 092 0.78 0.66 0.53 0.31
104 076 094 0.07 097 091 0.79 0.55 0.71 094 0.09 096 0.89 0.73 0.40
154 0.56 081 096 0.06 098 0.88 0.63 0.54 084 097 0.10 097 0.85 0.51
204 043 069 089 098 0.07 0.96 0.75 042 0.72 089 097 0.10 094 0.66
254 038 061 079 091 097 0.09 091 0.32 057 073 085 095 0.14 0.87
304 0.38 0.53 0.67 077 0.86 096 0.10 023 036 048 061 0.77 093 0.17

Conclusions Heritability estimates were generally low, but increased with stage of lactation and parity, and were in the
range of those previously reported (Mrode et al, 2001; Mrode and Swanson, 2003). The increase in daily A°, particularly
for lactations two and three, with increased days in milk were not solely due to increased genetic variances, but also due to
reduced permanent environmental variances, and residual variances with increased stage of lactation. A model that
accounts for the changes in /° and genetic correlations with days in milk should produce more accurate evaluations.
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Introduction Most countries have reported a decline in reproductive traits and other traits associated with overall fitness
in recent years as a result of selecting primarily for milk yield. In an attempt to arrest the situation, cross breeding has been
embarked upon by many farmers in addition to directly selecting for traits such as fertility (FERT), lifespan (LS) and
somatic cell count (SCC). In generally these traits are of low heritability, implying that the gains from heterosis are
expected to be larger than those for production traits. While estimates of heterosis for production traits have been reported
on United Kingdom (UK) national genetic evaluation data (Mrode et. al., 2008), no such estimates have been reported for
non-production traits. This paper summarises the model and estimates of heterosis for FERT, LS and SCC in the UK
national genetic evaluation data.

Materials and methods First five parity SCC data and first parity data for fertility traits: Calving interval (CI), non-return
rate at day 56 (NR56), test day milk yield at day 110 (MTD), condition score (CS) and days to first service and number of
services observed that resulted in a calf, were extracted from the data of milk recording organisations for cows born since
1981. The number of lactations each cow completed (up to the first five parities) and type traits were extracted over the
same time period. LS evaluations were then based on a bivariate analysis of lifespan score computed from the number of
lactations each cow completed and survival score computed from type information. The fertility index in the UK includes
evaluations for CI and NR56 but only the results for CI have been reported in this paper. The breed composition of cows
with fertility data consisted of 39% Holstein (Hol), 0.4% Friesian (Fri), 1.3% Ayrshire (Ayr), 2.5% Jersey (Jer), 0.9%
Guernsey (Gue), less than 1% for Shorthorn, Brown Swiss, Montebeliarde, Normande and Meuse-Rhine, 38% crosses
among the various pure breeds, with a coefficient of heterosis of at least 50% and 17% with a coefficient of heterosis of 25
to 49%. The model for fertility included the fixed effect of herd-year-season (HYS), age (linear and quadratic), days in milk
(for MTD only), herd-year-visit (HYV) and stage of parity (STAG) (for CS only). Similarly the model for SCC included
the fixed effects of HY'S, linear effects of age within parity within breed, month of calving and random effects of animal,
herd-by-sire and permanent environment. In the bivariate analysis for LS, the fixed effects were HYS for lifespan score,
age (linear and quadratic), milk yield deviated from contemporaries while those for survival score were HYV, STAG, age
(linear and quadratic). Random animal effect was fitted for both traits. In all trait groups, linear effects of heterosis and
recombination defined for six groups of crosses were fitted in the model. The six crosses were Holstein x Friesian (Hol x
Fri), Hol x Red and White breeds (Hol x R&W), with the R&W consisting of Ayr, Scandinavian Red Brown Swiss,
Montebeliarde and Shorthorn, Hol x Others (Jer and Gue), Fri x R&W, Fri x others and R&W x Others. Estimates of
heterosis are reported for each cross and the predicted transmitting abilities (PTAs) from the all breed analysis correlated
with those from within breed analyses.

Results The estimates of heterosis for traits varied across the different crosses and these are presented in Table 1.

Table 1 Estimates of 100% heterosis for some non-productive traits

Breed Cross Calving Interval (days)  Somatic cell count (%) Lifespan (lactations)
Hol x Fri -1.63 -1.69 0.022
Hol x R&W -3.13 -4.50 0.170
Hol x Others -5.73 -3.70 0.114
Fri x R&W -2.77 -3.13 -0.045
Fri x Others -2.99 0.33 0.002
R&W x Others -2.32 2.00 0.142

The estimates of heterosis For CI were largest for the Hol x Others cross with CI being reduced by about 6 days which is
0.11 standard deviation However, the effects of heterosis were largest for SCC and LS in the Hol x R&W cross with a
reduction of about 5% in SCC in 305d lactation and an increase about 0.2 lactations in a life time. Considering bulls with at
least 50 daughters, the correlations of bull PTAs for SCC from the all breed analyses with those from the within breed
analysis were 0.98, 0.98, 0.98 and 0.96 for Hol, Ayr, Jer and Gue respectively. Corresponding estimates for LS were 0.95,
0.96, 0.94 and 0.89 respectively. The rate of genetic change per year for SCC from the all breed run was 0.288% per year
with Hol, Fri and various crosses (with at least 25% coefficient for heterosis), accounting for 50, 14 and 36% of that rate of
change. Similarly, the rate of change for LS was 0.011 lactations per year with Hol, Fri and various crosses accounting for
31, 36 and 33% of the rate of change respectively.

Conclusion Effects of heterosis for the non-production traits when expressed in terms of the standard deviation were
slightly less than observed for production. An all breed evaluation for non-production traits in the national data for UK is
feasible.
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Introduction The ease of calving influences the economics of a cow/calf enterprise through increased calf death loss,
increased labour and veterinary costs, reduced subsequent reproductive performance of the cow, potential loss of the cow,
and reduced milk production. McGuirk et al. (2007) estimated that a slightly difficult calving cost approximately £110 and
a seriously difficult calving cost £350-£400. Many countries around the world undertake genetic evaluations for calving
ease (CE). The aim of this project was to develop routine national CE evaluations for UK dairy cattle.

Materials and methods Data were taken from UK milk recording organisations, and covers farmer recorded CE as well as
data collected as part of the progeny test scheme. Genetic parameters for CE were estimated using ASReml (version 2.00,
2006) considering a direct and indirect effect. Fixed effects in the model include herd-year, month of calving, lactation
number, calf sex and interaction
between lactation number and calf

m Direct O Maternal sex. Age and percentage Holstein

were fitted as linear regressions. A

14000 - random effect of service sire was
12000 fitted to estimate direct CE predicted
transmitting  ability (PTA) and

10000 random effect of maternal grandsire
fitted for indirect CE PTA, with a

£ 8000 ' covariance between the 2 effects also
§ 6000 fitted. A maternal CE PTA was then
computed as the indirect CE PTA

4000 minus one quarter of the direct CE
PTA. The direct CE PTA relates to

2000 the ease with which a bull's calves are

0 expected to be born and the maternal

- © 1 < o o < o < & o < o calving ease PTA relates to the ease
! ' ' ' ! ' ' with which the bull's daughters are

PTA Percent Easy Calving likely to give birth. Bull PTAs for
direct and maternal CE  were
submitted to a test multiple across
country evaluation (MACE) of
calving traits performed by the
Interbull Centre (Uppsala, Sweden), thus allowing UK evaluation of CE to be compared to evaluations from other countries
on the UK scale. A data and pedigree file were extracted in September 2009 and contained almost 400,000 calving records,
representing almost 6,000 sires.

Figure 1. Distribution of calving ease PTAs (direct and maternal)

Results The data approximately spanned 15 years, however, the majority of the data falls after 1999. Overall, 84% of
calvings were classed as “easy calving”. For first calving cows a total of 74% calvings were classed as “easy” and 85% of
later calvings. The genetic analysis showed that the heritability for calving ease was low (0.066 and 0.040 for direct and
indirect effects respectively with a genetic correlation of -0.685). Figure 1 shows that the calving ease PTAs were
expressed as percent easy calving and centred around zero, with a positive value being favourable (i.e., less difficult
calvings). There was no evidence of a genetic trend in either direct or maternal CE PTAs. The across country genetic
correlations for the MACE run for direct and maternal CE were in line with other countries and suggest that UK CE PTAs
would be suitable for an international MACE evaluation. The genetic correlations between countries for the direct calving
trait averaged of 0.80 and ranged from 0.619 (with Hungary) to 0.944 (with Canada). The genetic correlations between
countries for the maternal calving trait was a little lower with an average of 0.69 and ranged from 0.561 (with Hungary) to
0.839 (with France). These correlations with other countries are good, particularly for such low heritability traits.

Conclusions Having calving ease proofs available will help farmers identify bulls that are genetically good (or bad) for
calving performance. This may be of particular importance when choosing bulls to use (or avoid) on heifers to avoid the

costs associated with losses in production, fertility and potentially cow/calf losses.
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Introduction Genomic selection in Holstein-Friesian dairy cattle was launched in Ireland in February 2009. The objective
of this document is to outline the implementation and the uptake of genomic estimated breeding values (GEBVs) in Ireland
for Spring 2009. We also outline the results of the first group of Holstein-Friesian bulls that were selected on GEBVs
compared to their progeny test proofs obtained in the August 2009 evaluations.

Materials and methods Berry ef al. (2009) described in detail the methodology used for the estimation of GEBVs in
Ireland. Briefly, the training population was made up of just over 1,000 Holstein-Friesian bulls, genotyped using the
[llumina Bovine50 Beadchip. Direct genomic values (DGVs) are estimated in Ireland using mixed models equations by
replacing the traditional numerator relationship matrix with a genomic relationship matrix as outlined by VanRaden (2008).
The dependent variable included in the genomic evaluation are the deregressed traditional EBVs of the animal as outlined
by Berry et al. (2009). Genomic EBVs (GEBVs) are the combination of the DGVs and the traditional EBVs. This blending
procedure is done because not all animals in the pedigree are genotyped (genotypes of no females are currently included in
the genomic evaluation) and therefore not all information is included in the genomic evaluation. The uptake of the use of
genomically selected (GS) bulls was assessed on 349,000 Al insemination records collected via technician handhelds from
January to June 2009. Initial results on the predictive ability of genomic selection was assessed by looking at the correlation
of the daughter proven EBV to the DGVs, the GEBVs, and the parent average proof for 35 young test sires used in the
2006 national progeny test program and who received a daughter proof in the August 2009 evaluation. These bulls were
marketed in the Spring 2009 breeding season as GS bulls with no daughter information.

Results The accuracy of genomic selection using forward prediction is reported elsewhere (Berry et al., 2009). After
consultation with representatives from the Irish dairy industry it was decided to publish GEBVs of individual bulls without
progeny on the list of active bulls for the Spring 2009 breeding season. Bulls included on the active bull list had to have
sufficient progeny born to have reliability for direct calving difficulty of >50% in the country of origin. Also the reliability
of the GEBV for EBI, had to be >35%. In 2008, prior to the introduction of genomic evaluations, each sire on the active
bull list had to have a reliability of EBI of >58%. Compared to 2008, the average EBI of the bulls on the list was higher, but
the reliability was lower. In addition, younger sires replaced sires that had occupied the list for many years, but the number
of bulls with daughters in Ireland decreased. The usage for the daughter proven bulls with daughters in Ireland (DP-IRL)
was the highest at 37% of inseminations with GS bulls accounting for 34%, and proven bulls but with no Irish daughters
(DP-INT) at 29%. The mean number of bulls used per herd was 3 for DP-IRL bulls, 2.7 for DP-INT bulls and 4 for GS
bulls. The very positive uptake of GS bulls can be attributed to the difference in genetic merit between these bulls and the
daughter proven bulls. The weighted average EBI of the GS bulls was €69, more than one standard deviation (€62), ahead
of the DP-IRL bulls. The weighted average across all three groups of bulls used in 2009 was €38 more than the bulls used
in 2008. The correlation and mean difference between parent average, DGV, GEBV and daughter EBV are given in Table
1. In terms of the predictive ability of genomic information the correlation between parent average and daughter proofs
were consistently lower than those of the GEBV and the DGV. At this stage the DGVs are the best predictors of progeny
performance however one must recognize the limitations of this analysis due only 35 bulls being included in this
comparison, the average reliability of the sires is 80%, and the daughter records are not completed lactation records.

Table 1 Correlations and mean difference between daughter proofs and GEBV, DGV, and parent average for 35 GS bulls
selected when in lay-off in Spring 2009 but now with greater than 70% reliability for production traits based on daughters

milking in 2009.

Correlation Mean Difference

GEBV DGV PA GEBV DGV PA
Milk (kg)  0.64 0.65 0.63 65 50 77
Fat (kg) 0.51 0.57 04 2 2 3
Prot (kg) 0.59 0.65 0.53 2 1.5 2.2

Conclusion Overall the implementation of genomic evaluations in Ireland has been very successful. The uptake of the GS
bulls has been very encouraging with farmers using several bulls as recommended to reduce the risks. Initial results on how
the technology is working are promising and the introduction of genomic evaluations will generate greater genetic gain in
the future. Research work is underway to increase the size of the training population, by incorporating multiple-trait across
country (MACE) evaluations, to improve the accuracy of GEBVs.
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Introduction Bull fattening, as other farming activities, results in emissions of pollutants to air, water and soil and the use
of resources (energy, land). In a trial carried out on bulls fattened with 3 diets containing 37 to 86% concentrates, enteric
methane production was determined. The 86%-concentrate diet decreased enteric methane emission by more than 50%
(Martin et al., 2007). Enteric methane is only one of the pollutants and a comparison of feeding systems requires a more
complete evaluation of the environmental impact. The data generated by this trial were analysed using life cycle
assessment. Special attention was paid to emissions of greenhouse gases.

Materials and methods Three fattening diets have been compared in Blond d’Aquitaine bulls. Diet MSM comprised 63%
maize silage, 21% maize grain and 16% soybean meal. Diet HM comprised 49% hay, 41% maize grain and 10% soybean
meal. Diet M comprised 70% maize grain, 16% soybean meal and 14% straw. Enteric methane was determined in 6
animals in a 3x3 Latin square design using the SF; tracer method (Martin ez al., 2007). Manure methane was calculated
from faecal data obtained in this trial using equations provided by IPCC (2006). Nitrous oxide and carbon dioxide
emissions, eutrophication, acidification, terrestrial ecotoxicity and land use were calculated according to van der Werf
(2004), updated according to IPCC (2006). Climate change was expressed as global warming potential in CO,-eq using the
coefficients 1, 25 and 298 for carbon dioxide, methane and nitrous oxide, respectively. Total cumulative energy demand
was calculated according to Frischknecht ez al. (2007). The life cycle assessment was limited to the production of the four
feedstuffs used in the trial, the production of inputs to produce these feedstuffs and all transport stages, using the feed
intake effectively measured in the trial. Each of the feeding systems was located in France, crop production methods and
transport distances were based on average data for French farming systems. Data were expressed per day and per kg
liveweight gain. Liveweight gain was taken as average daily gain between 400 and 650 kg in bulls receiving the same diets
in a feeding experiment with 8 bulls per diet (Mialon et al., 2008).

Results The lower enteric methane emission with diet M was partially compensated for by a higher emission of nitrous
oxide and carbon dioxide (Table 1). Acidification and terrestrial ecotoxicity were highest with diet MSM and lowest with
diet HM. Eutrophication was highest with diet M and lowest with diet HM, and cumulated energy demand was highest with
diet M and lowest with diet MSM. Land use was highest with diet HM. Due to a higher liveweight gain, M diet
environmental criteria were improved when expressed per kg liveweight rather than when expressed per day, compared to
the other two diets.

Table 1 Emissions and environmental impacts from bulls fed three contrasting diets

Per day Per kg liveweight gain
MSM HM M MSM HM M
Enteric methane, kg CO, eq 3.81 3.33 1.56 2.23 2.23 0.84
Manure methane, kg CO, eq 1.54 1.74 1.40 0.90 1.16 0.75
Nitrous oxide, kg CO, eq 1.37 1.15 2.03 0.80 0.77 1.09
Carbon dioxide, kg CO, eq 1.26 1.37 1.84 0.73 0.99 0.99
Global warming potential, kg CO, eq 8.02 7.65 6.89 4.70 5.12 3.70
Acidification, g SO, eq 29.6 13.1 22.6 17.3 8.8 12.1
Eutrophication, g PO,* eq 24.1 16.3 31.9 14.0 10.9 17.1
Terrestrial ecotoxicity, g eq-1.4DB 36.9 11.5 19.7 21.6 7.7 10.6
Land use, m”.year 7.77 17.51 8.63 4.54 11.72 4.63
Total cumulative energy demand, MJ eq  22.3 28.0 36.9 13.0 18.7 19.8

Conclusions The relative environmental performances of three bull fattening feeding systems are not the same for climate
change as for other air pollution criteria, for soil and water pollution criteria or for energy demand. Diet M has lower
impact on climate change, which is a major issue for ruminant production, but higher impact on energy demand. An
integrative approach is necessary to compare feeding systems, and should include a total life cycle assessment including the
early life stage of the animals, and other criteria of the impacts of these systems on the environment (water use,
biodiversity).
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Introduction Ireland is currently meeting its ammonia emission target of 116 kt per annum up to 2010. However, the
requirement to further reduce ammonia emissions in the future is unknown. The volatilization of ammonia following land
application of cattle slurry accounts for over 30% of the ammonia emissions from Irish agriculture. As a result, the
management of slurry application has been identified as a measure that has a high potential to reduce national ammonia
emissions (Hyde et al., 2003). Slurry application methods such as band spreading, trailing shoe and injection are widely
used in some countries as a tool for reducing ammonia emissions. However, the high cost of adopting this technology is not
always compensated through increased N fertilizer value benefits. Improved management of land application, using the
cheaper and more conventional splashplate method in association with optimum weather conditions, also offers benefits of
reduced ammonia emission and improved N efficiency (Lalor ez al., 2009). The objective of this study is to estimate the
potential of application timing management using the splashplate method to reduce ammonia emissions following cattle
slurry application.

Materials and methods The ALFAM model (Segaard et al., 2002) was used to predict the total ammonia emissions
following cattle slurry applications based on weather data (mean daily air temperature (T) and wind speed (W)) recorded at
eight geographically dispersed Met Eireann synoptic weather stations, over a twenty year period (1988-2007). The
following assumptions were applied to the ALFAM model: soil water content = dry (i.e. not waterlogged); slurry type =
cattle; slurry dry matter content = 70 g/kg; total ammoniacal nitrogen (TAN) content of slurry = 1.8 g/kg; application rate =
30 m’/ha; application method = splashplate; and technique for measuring ammonia loss = Micrometeorological mass
balance technique. The effect of the month, year and weather station on the predicted total ammonia emissions (Njyss),
expressed as a percentage of the TAN applied, was statistically analysed using PROC GLM in SAS.

Results Month, year and weather station all had a significant effect on Ny, (P<0.001 in all cases). However, only the
monthly emissions over all stations and years are presented here. The month with the highest median value of predicted
emissions was July (63.1%), and was significantly higher than December (52.1%), which had the lowest predicted
emissions (Figure 1). This indicates that switching application timing between months would have an effect on the total
emissions from land application of cattle slurry. The variation in the predicted emissions within each month is reflected in
the large difference observed between the 10 and 90 percentile values for each month. These ranged from 8.7% in June to
14.1% in December, and were greater than the difference in the median value between July and December in six of the
twelve months.
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Figure 1 Box plot showing median (centre line), interquartile range (boxes) and 10™ and 90" percentile (whiskers) of
ammonia emissions predictions (N,) from cattle slurry application using splashplate for each month.

Conclusions Based on ammonia emissions predictions using the ALFAM model, managing application timing on the basis
of monthly averages, and exploiting optimal weather conditions within each month, has the potential to decrease the total
ammonia emissions from slurry application with splashplate. However, the development or adaptation of other ammonia
emission models for Irish conditions merits further study in order to improve the prediction of ammonia losses following
land application of cattle slurry.
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Introduction Presently, Ireland is above its national greenhouse gas (GHG) emission limit set under the Kyoto Protocol.
One of Ireland’s largest sources of GHG emissions is the agricultural sector (26%) (EPA, 2009). Within this sector,
pastoral dairy farming is estimated to be a significant source (Lovett et al. 2008). Therefore, to meet the targets of the
Kyoto Protocol and future reduction targets, pastoral dairy farms will be required to reduce GHG emissions. The purpose of
this study was to investigate the effect different strains of Holstein Friesian cows and alternate pasture based feed systems
have on GHG emissions from dairy farms.

Materials and methods Three strains of divergent Holstein-Friesian cows; high-production North American (HP), high-
durability North American (HD) and New Zealand (NZ) were compared. The HP strain represents cows selected solely for
milk production. The HD strain represents a breeding program where selection is based on improving a number of traits
simultaneously; these include milk production, fertility and muscularity. The NZ strain represents the highest possible
genetic merit expressed in the NZ genetic evaluation system (Breeding Worth). Each strain was allocated to one of 3 feed
systems; high grass allowance (MP, control); high concentrate supplementation (HC) and a high stocking rate system (HS).
The MP system had an overall stocking rate of 2.47 cows/ha and cows received 325 kg of concentrate in early lactation.
The HC system had a similar overall stocking rate and N fertilizer input as the MP system, but 1,445 kg of concentrate
were fed per cow. The HS system had a similar concentrate and N input as the MP system, but had an overall stocking rate
of 2.74 cows/ha. The GHG emissions of the dairy production systems described were calculated using the Moorepark Dairy
System Model (MDSM) of Shalloo et al. (2004) in combination with a new GHG emissions model (GHG model). The
biological performance data required for the simulation was obtained from McCarthy et al. (2007). The MDSM, a whole
farm simulation model of Irish grassland-based dairy systems, was used to define the parameters required by the GHG
model. Parameters defined included; farm size, animal inventory, milk production, feed intakes, herbage quality (chemical
composition), grazing season length, slurry, fertilizer and application of lime. The GHG model integrates the parameters
defined by the MDSM with various GHG emission factors in Microsoft Excel to quantify emissions. The model calculates
emissions of CO, CH, and N,O in terms of their 100-year global warming potentials (CO, equivalents (eq)), which on a
weight basis relative to CO, was set to a factor of 23 for 1 kg of CH4 and 296 for 1 kg of N,O. The GHG model is also
designed to simulate emissions on two levels, firstly those arising directly from farming activities (on-farm GHG
emissions) and secondly those that are produced off-farm but are attributable to the production system up to the point
where milk leaves the farm gate. The main outputs of the GHG model are an estimate of annual on-farm and total (on-farm
plus indirect) GHG emissions. The model expresses emissions on a farm, area (CO,; eq, t/ha) and product (CO, eq, kg/kg
milk and per kg milk solids (MS)) basis.

Results The product and area GHG emissions of all dairy farms were greater when quantified at the total level than the on-
farm level (Table 1). The level where GHG emissions were calculated at, affected the optimum feed system and genotype.
For example, the NZ strain in terms of product emissions. The HD and HP strain produced their least product emissions in
the HC feed system. The NZ strain produced their least product emissions in the HS feed system. On average the HC
system produced the greatest area emissions.

Table 1 On-farm and total GHG emissions (CO, eq) for 3 strains of Holstein-Friesian cows [high production (HP); high
durability (HD) and New Zealand (NZ)] within the Moorepark (MP), high concentrate (HC) and high stocking rate (HS)
feed systems
GHG MP HS HC
Indicator Level NZ HD HP NZ HD HP NZ HD HP
CO, eq, kg’lkg milk On-farm 0.801  0.805  0.862 0.796 0.801 0.869 0.757 0.720 0.760
Total 1.065 1.067 1.142 1.045 1.055 1.144 1.069 1.012 1.065
CO, eq, kg’lkgMS  On-farm  10.10  10.65 11.45 9.92 10.64 11.61 9.32  9.68 10.19
Total 13.43 1412 15.17 1298 14.01 15.29 13.15 13.63 14.28
CO; eq, t/ha On-farm 1028 10.34 10.42 11.16 1098 11.06 11.70 11.40 11.50
Total 13.68 13.71 13.82 14.65 14.45 14.56 16.51 16.05 16.12

Conclusion The results show that farm product emissions do not always rank the same when estimated either as on-farm or
total emissions. Thus, if effective strategies are to be developed, total emissions associated with a production system should
be analyzed. The results also show how selection for increased milk production (HP strain) combined with increased
concentrate supplementation within Irish grass based feed systems may result in greater total GHG emissions relative to
selection on a combination of production and reproductive traits (HD and NZ strains) within feed systems with a greater
reliance on grazed grass.
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Introduction In Northern Ireland, 21% of GHG emissions came from agriculture in 2007. The UK Climate Change Bill
requires a reduction in emissions of 80% by 2050, posing a significant challenge for the industry. A calculation of the
baseline GHG footprint of animal production is required to determine sustainable GHG mitigation strategies. The IPCC
provide standard Emission Factors (EF) (Tier 1) for CH4 produced by enteric fermentation and classify ruminant animals as
dairy, non-dairy and sheep. The age and diet of the animal is taken into account by the IPCC. Previous research at AFBI
Hillsborough has generated data detailing actual CH4 and CO, emissions from 800 dairy cows, 146 beef cattle and 50 sheep
(Tier 3 EF). The aim of this study was to compare the GHG footprint of ruminant animals in Northern Ireland in 2008
using Tier 1 (standard) and Tier 3 (actual) EF.

Materials and methods Tier 3 CH,4 emissions from dairy cows are representative of cows housed indoors and offered a
range of indoor diets. Data for beef animals are representative of Friesian, Aberdeen Angus, Simmental and Charolais
breeds offered diets with a forage proportion of 295-1000 g/kg dry matter (DM). Data for sheep are representative of
Blackface and lowland crossbreds (Suffolk and Texel x Greyface) offered grass silage-based diets (178-1000 g/kg DM).
Tier 3 EF for dairy cows, beef cattle and sheep were estimated by calculating the total ME requirement (MJ/year) and feed
intake (kg DM/year) for each breed at different physiological states, followed by the conversion of ME intake to enteric
CH, emissions (kg/year). Total ME requirements for dairy cows were estimated from Feed into Milk (FiM) models
(Agnew et al., 2004) and for beef cattle and sheep, AFRC systems (AFRC, 1993) and the Dawson and Steen (1998) model
were used. Total enteric CH, emissions for each breed were calculated using the ratio of CH,4 energy output to ME intake,
measured in calorimeter chambers at AFBI Hillsborough for each breed (Yan et al., 2010).

Results The GHG footprint of ruminant animals in Northern Ireland using Tier 1 and Tier 3 EF is presented in Table 1.

Table 1 GHG footprint of ruminant animals in Northern Ireland in 2008 (Tier 1 V Tier 3 calculations)

Tier 1 Standard IPCC (2006) EF Tier 3 Actual EF (AFBI data)
Livestock Category Number Tier 1 EF Emissions Footprint Tier3EF Emissions Footprint
ofanimals (kgCHyhdy)  (tomneCHyy) ~ (tonneCOxly)  (kgCHyhdly)  (tonne CHyy)  (tonne CO.ely)

Dairy cows 289247 117 33842 846047 109.5 31673 791814
Dairy heifers in calf

-2 years old 26883 57 1532 38308 52.9 1422 35553

-1 to 2 years 37389 57 2131 53279 69.5 2599 64963
Beef cows 265663 57 15143 378570 59.1 15701 392517
Beef heifers in calf

-2 years old 24311 57 1386 34643 59.1 1437 35920

-1 to 2 years 15433 57 880 21992 64.0 988 24693
Other cattle 1-2 years 333531 57 19011 475282 64.0 21346 533650
Othercatfle 6-12months 186933 57 10655 266380 29.1 5440 135994
Ewes 935417 8 7483 187083 10.5 9822 245547
Other sheep

-Rams for service 26868 8 215 5374 10.5 282 7053

-1 year and over 12543 8 100 2509 7.5 94 2352

-Lambs<1yearold 998765 8 7990 199753 4.6 4594 114858
Total emissions 100369 2509220 95396 2384912

Animals in the “Breeding bulls”, “Other cattle-2 years old” and “Other cattle < 6 months old” categories were not included
in this inventory due to the absence of Tier 3 EF

Conclusions The overall GHG footprint of ruminant animals included in this study was 5% lower with Tier 3 EF than with
Tier 1 EF values, but in some classifications the Tier 3 values were higher. This wide variation demonstrates a requirement
for actual EF data that is representative of the age and diet of the animal. There is also a need to develop a more precise
Tier 3 EF database for agriculture, particularly for the animal categories not included in this exercise, younger animals and
animals at grass.
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Introduction Agriculture in Ireland contributes 98% of ammonia (NH;) and 26% of greenhouse gas (GHG) emissions
(CSO, 2008). Manure management is one of the key drivers of these emissions. This study aim at: a) measuring the effect
of organic and ammonium fertilizer on GHG and NHj, b) investigate the impact of cattle slurry composition on these
emissions.

Materials and methods A field-plot experiment (2 x 1.5 m per plot, n=3) was carried out, with grass-derived and maize-
derived slurries of high and low dry matter (DM) content. Plots were spread using splash-plate application. In addition, one
of the combinations of maize-derived slurry DM content was spread on three additional plots simulating trailing shoe, in
order to compare both slurry application techniques. Control plots include no N fertilization and 60 kg N ha™ of calcium
ammonium nitrate (CAN) fertilization. Two treatment applications were carried out in April and July 2009 under
contrasting climatic conditions.

Continuous flux measurements were taken after slurry application. Ammonia was measured using a photo-acoustic
analyzer (INNOVA 1412 Trace Gas Analyser, INNOVA Instruments, Copenhagen, Denmark) coupled to a dynamic
chamber. Carbon dioxide and nitrous oxide were measured using static chambers and an Infra-Red Gas Analyzer (CO,, PP
Systems EGM-4, PP Systems, Hitchin, Herts., UK) or a gas chromatograph (N,O, Varian) for the analysis of the gases.
Ancillary data (air and soil temperature, rainfall, soil moisture, soil ammonium and nitrate concentration) were also
collected.

Cumulative fluxes were calculated for the first week following fertiliser application (Figure 1). Background fluxes (control
plots) were subtracted from fluxes calculated for treatments plots. These treatments were compared using ANOVA with
slurry dry matter and slurry types as main factors.

Results The indirect effect of ammonia volatilisation on N,O emissions were calculated using [IPCC default factors (IPCC,
2007). These emissions were highest for high DM grass-based slurry in July under warm dry conditions (Figure 1la).
Emissions were significantly lower when slurry was spread in April and also for trailing shoe spread slurry in July.
Reducing slurry DM content substantially lowered direct nitrous oxide emissions in spring, but not in summer. Methane
emissions were generally low, but increased when slurry was trailing-shoe applied. In term of splash-plate application,
maize slurry (high DM) emitted significantly (p<<0.05) more methane than grass slurry. C mineralisation was substantial
and increased on slurry application (Figure 1b). This priming effect on soil respiration over the measurement period varied
from 400 kg CO, ha-1 for grass slurry to 2000 kg CO, ha™ for maize slurry.
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Figure 1 a) Cumulative GHG fluxes of trace gases (kg CO, eq ha™), and b) CO, emissions rates in April and June 2009, for
the seven days following slurry application. Background emissions were subtracted from those calculated for treatments.
Indirect N,O emissions were calculated using the IPCC default value of 1% of NHj reemitted in the atmosphere as N,O
(TS: trailing-shoe application).

Conclusion In terms of trace gases, indirect N,O emissions sourced from ammonia losses comprised the largest proportion
of landspreading emissions when slurry was spread in warm conditions. Direct nitrous oxide emissions were higher in
spring and also higher for trailing shoe. There was also a substantial ‘priming effect’ in terms of C mineralisation when
organic fertiliser was applied and these CO, emissions dwarfed other emissions over the measurement period.
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Introduction Mitigating greenhouse gas emissions from ruminants by feeding natural compounds has been a target for
many researchers. The effect of saponins is dependant on the plant from which they are extracted and the diet fed to the
animals. So, due to these constraints to the exploitation of saponins in ruminant production, a short insight of its use as a
methane inhibitor will be drawn in this paper.

Materials and methods A literature search was performed and 59 studies were then used in a meta-analysis simple
regression. The model used included the overall size effect, the effect of the size of each study, and the variation between
studies. A summary was compiled and the main results of the effect of saponins for ruminants as well as sources providing
beneficial results are presented (Figures 1 & 2).

Discussion The biological effects of saponins on microorganisms are related to the increase in microbial membrane
porosity. Interaction with the outer environment tends to arise and then the effects of saponins vary considerably given that
contents of rumen liquor differ widely from animal to animal. The trend observed when the compilation of 59
studies was analysed demonstrated that 16 of them significantly reduced methane production (MP) (Figure 1) (Hart et al,
2008) (p<0,05). However we interpret these data as showing only very few examples of saponins impacting on rumen
fermentation. This approach to trials included in this study can validate saponins as a potential methane inhibitor to be used
in modern animal nutrition. Several authors as mentioned by Hu et al. (2005) have understood that the way saponins are
assessed is important and can completely change the outcomes of a trial (Figure 2) (p>0.05).
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Figure 1 Meta-analysis of the effect of sarsaponin (S) as a
methane inhibitor (MP=14.10-2.609*S g/L) (p<0.05)

Figure 2 Meta-analysis of the effect of sources of saponin
(OS) other than sarsaponin as methane inhibitors

(MP= 13.98-0.2637*0S g/L) (p>0.05)

Results The results shown above seem to have sources (S. saponaria fruit) and specific characteristics of saponins
(chemical Sarsaponin) as the principal effect for methane suppression (Hess ef al., 2004). Over 50 studies in the
literature evaluating the effects of saponins on rumen fermentation, including methane modification, found no
evidence that these secondary metabolites could reduce the amount of this greenhouse gas. Indeed, none have used S.
saponaria where Sarsaponin is the source of saponins. There is a need for new trials using distinct sources of saponins.

Conclusions Saponins can manipulate ruminal fermentation but the change in methane production is questionable and
demands further investigation. These should focus on specific classes of saponins. Methanogenic archea seems to be little
affected by these chemical compounds but the real dose-response and mechanisms are still unclear.
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Introduction Under the Kyoto Protocol (1997) Ireland agreed to limit its greenhouse gas (GHG) emissions to 13% above
1990 levels during the first commitment period 2008-2012. Ireland is legally bound to meet this GHG emissions reduction
target. Agriculture in Ireland is the largest contributor to total GHG emissions (26.6%). Eighty per cent of the methane
emissions from agriculture in 2006 came from enteric fermentation (McGettigan et al, 2008). Manipulating the diet of dairy
cows is considered a strategy to mitigate methane production. The objective of the current experiment was to investigate
the methane emissions and milk production response when spring calving Holstein Friesian dairy cows were offered a
grass-only or total mixed ration (TMR) diet.

Materials and methods Forty eight spring calving Holstein Friesian dairy cows (18 primiparous and 30 multiparous) were
randomly assigned to one of two nutritional treatments for 10 weeks: (1) Grass-only (grazing unsupplemented perennial
ryegrass pasture) (2) TMR (offered ad libitum indoors). Animals were blocked according to parity, bodyweight (BW), body
condition score, days in milk and milk yield. The TMR offered per cow per day was composed of maize silage (7.5 kg
DM), concentrate blend (8.6 kg DM), grass silage (3.5 kg DM), molasses (0.7 kg DM) and straw (0.5 kg DM). The pre-
grazing herbage mass was 1492 kg DM/ha (S.D=332 kg). Pre- and post-grazing sward heights were measured (platemeter)
before and after each grazing. The average pre- and post—grazing sward heights for the trial period were 9.4 cm (S.D=1.26
cm) and 4.1 cm (S.D=0.51 cm) respectively. Milk yield was recorded daily while milk composition was determined weekly
from one evening and one morning milk sample taken on consecutive days. Bodyweight was also recorded weekly. Daily
methane emissions were measured during weeks 4 and 10 of the trial for a 5-day period using the sulphur hexafluoride
(SFe) tracer gas technique. Herbage DM intakes for the grass-only cows were estimated using the n-alkane technique as
modified by Dillon and Stakelum (1989). DM intakes for the TMR cows were recorded using the Griffith Elder® feeding
system The data were analysed by analysis of variance with a model which included terms for treatment, lactation number
and days in milk and using covariate analysis for milk yield, milk composition and bodyweight (SAS Institute, 2003).

Results TMR cows had significantly (P<0.01) higher milk yield, milk solids yield, BW, total dry matter intake (TDMI) and
CH, emissions (g/day) than grass-only cows in both measurement periods. However, grass-only cows had higher (P<0.05)
milk protein content and lower (P<0.05) CH,4 emissions per unit milk solids and per unit BW in both measurement periods.
They also had lower CH4 emissions per unit intake in the second measurement period (P<0.001).

Table 1 Milk production and methane emissions from spring calving dairy cows offered a grass-only or TMR diet

Week 4 — Measurement Period 1 Week 10 — Measurement Period 2

Grass TMR s.e.d Sig. Grass TMR s.e.d Sig.
Milk yield (kg/day) 20.8 28.4 1.00 0.001 18.1 26.4 0.66 0.001
Milk solids (kg/day) 1.58 2.07 0.073 0.001 1.36 1.91 0.056 0.001
Milk fat content (g/kg) 43.2 42.5 1.38 0.63 40.7 40.1 0.130 0.68
Milk protein content (g/kg) 32.3 30.8 0.41 0.001 34.0 32.6 0.55 0.02
Bodyweight (kg) 475 534 5.0 0.001 482 547 6.7 0.001
TDMI (kg DM/day) 13.3 18.8 0.72 0.01 15.7 20.4 0.67 0.001
CH,4 emissions (g/day) 243 384 10.9 0.001 258 410 9.2 0.001
CH, emissions (g/kg DMI) 19.1 20.4 0.95 0.18 17.1 20.1 0.82 0.001
CH, emissions (g/kg milk solids) 157 185 6.7 0.001 196 213 7.7 0.02
CH, emissions (g/kg BW) 0.51 0.72 0.019 0.001 0.54 0.75 0.022 0.001

Conclusions This study indicates that grazing dairy cows emit less methane per cow and per kg of milk solids produced in
comparison to TMR-fed cows. Hence, feeding grass-only diets is a strategy for decreasing enteric methane emissions from
dairy production systems.
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Introduction The effects of land-use change on greenhouse gas fluxes are considered to be significant with the conversion
of grassland to annual or perennial cropland estimated to release up to 2 tonnes CO, ha™ yr' (Lal 2003, Ogle et al. 2004).
However, a large degree of uncertainty is associated with these estimates, and the transition phases between land-uses, in
particular, are poorly quantified. In addition, the intensity of soil cultivation may affect emissions of both CO, and N,O via
alterations to both soil carbon (C) and nitrogen (N) turnover and balances. The objective of this study was to to quantify
and compare the greenhouse gas (GHG) fluxes following conventional ploughing (CT) and minimum tillage (MT) on three
different soil types in a small scale lysimeter study in Johnstown Castle, Wexford in order to assess the environmental
impact of this step of the land use change process.

Materials and methods The study was carried out on isolated Lolium perenne lysimeters (diameter 0.75m, depth 1m) of
three different soil drainage classes: Poorly-drained (Rathangan), medium-drained (Clonakilty) and well-drained (Elton).
Three lysimeters of each soil type were subsequently either manually inversion-ploughed to 30cm or minimum-tilled to
10cm using a trowel, . Measurements of soil CO, respiration and N,O flux were measured for 22 days pre- and post-
disturbance using static chambers temporarily placed over the lysimeters. CO, respiration was measured with chambers
connected to an infra-red gas analyser (EGM-4, PP Systems, Hitchin, Herts. UK), and fluxes were calculated from the rate
of CO, concentration increase over a three minute period. Gas samples for N,O analysis gas were taken from each chamber
over intervals of 30—45 min. These samples were subsequently analysed the using a Varian 3300 GC with electron capture
(ECD) detector. Analysis of variance procedures were conducted and least significant difference (LSD) calculated using
SAS 3.0 (SAS Institute, Cary, NC) .

Results The effects of tillage intensity on both N,O and CO, fluxes are shown in Figure 1. Nitrous oxide emissions
increased substantially following ploughing, with emissions from the poorly-drained soil (Rathangan) 100% higher than the
better-drained soils after inversion ploughing. Tillage intensity significantly affected fluxes (p<0.01) for the medium-
drained (Clonakilty) soil, with cumulative emissions increasing from 13 kg CO»-eq ha™' to 29.8 kg CO,-eq ha. Increases
in soil respiration post-disturbance were transient and no significant effects were observed except for the Clonakilty soil,
where a small, but significant increase was observed after inversion ploughing (p > 0.05).
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Figure 1 Cumulative fluxes of A) Nitrous oxide and B) soil CO, respiration on lysimeters (n=3) over 22 days before and
22 days after conventional inversion ploughing (CT) and minimum tillage (MT). Different letters indicate significant
differences (p > 0.05).

Conclusions Post-cultivation, CO, emissions were only higher for the Clonakilty soil, whereas N,O emissions remained
high over a prolonged period of time for all soil types. The differences in N,O fluxes in terms of both ploughing intensity
and soil type were probably driven by differences in soil moisture conditions. Initial increases in soil respiration were
possibly due to degassing of CO, trapped in the soil pore spaces. However, sustained increased fluxes, that are predicted by
biogeochemical models were not observed.
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Introduction In Ireland, the Kyoto Protocol sets a target to reduce greenhouse gas emissions to within 13% of 1990 level
by 2012. Currently agriculture accounts for 26% of total emissions and of this figure 36% is due to trace gas emissions
from the soil mainly in the form nitrous oxide (N,O). Landspreading of cattle slurry adds the trace gases N,O, CH4 and CO,
to the atmosphere in varying quantities, depending on the application method and climatic conditions at the time of
application. The nitrification inhibitor Dicyandiamide (DCD) has been reported to reduce denitrification of excess nitrate
within the soil by up to 73% (Di and Cameron, 2006). Dennis et al. (2008) reported DCD reduced N,O emissions from
poorly drained Irish soils receiving urine. Little research has been conducted on the efficacy of DCD in reducing emissions
associated with landspreading of slurry. The objective of this research was to investigate the effect of DCD in reducing
N,O emissions following landspreading of slurry using band spreading and splash plate.

Materials and methods There were 5 treatments, with two spreading methods 1. Splashplate (SP) and 2. Bandspread (BS)
both + DCD and a control. The experiment was conducted on an imperfectly drained fine loam in Johnstown Castle,
Wexford arranged in a randomised block design with 6 replicates per treatment. Cattle slurry was applied at a rate of 33 m’
ha” in March, June and October 2009, which are typically important dates for slurry application before/after winter and
after first cut silage. DCD was mixed with the slurry at a rate of 15% of the slurry NH4-N content prior to application.
Gases (N,O, CH4 and CO,) were collected over a 25 minute period using stainless steel chambers (0.4 x 0.4m) placed on
water filled permanent collars. The head gas samples were analysed in the laboratory using gas chromatography.
Measurements were made frequently over 1 month after slurry application. The treatments were tested for statistical
differences using the GLM procedure in SAS v. 9.1, the factors being spreading method, slurry and DCD.

Results

The daily N,O fluxes and the cumulative flux from the March applied slurry £ DCD are presented in figure 1. For
splashplate applied cattle slurry receiving DCD reduced cumulative emissions from 110 to 42 g N ha™'. For bandspread
slurry N,O emissions were decreased from 112 to 60 g N ha'. Overall the cumulative N,O emissions were low after the

spring applied slurry. The mean temperature at the site was 7.5°C during the sampling period and there was a total rainfall
of 55.2 mm (avg 1.6mm d™).
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Figure 1 Cumulative daily N,O emissions for splash plate and bandspread slurry + nitrification inhibitor DCD.

The N,O emissions measured over the month after slurry application equated to ~0.2% of inorganic slurry N (applied
09/03/09) which is considerably lower than the default emission factor 1% used by the IPCC. The N,O emissions were very
similar for the two spreading methods and the inclusion of DCD has significantly reduced cumulative N,O emissions.

Conclusions Emission of N,O from cattle slurry applied in March was low accounting for about 0.2% of N applied. The
DCD treatments emitted significantly less N,O then both the non-DCD treatment and the control. The incorporation of
DCD with the landspread slurry reduced N,O emissions by 46 to 62%.
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Introduction In Ireland, the implementation of the EU Nitrates Directive imposes strict limits to nutrient inputs onto
livestock farms, placing renewed emphasis on improving manure nutrient recovery. Low-emission slurry application
techniques such as shallow injection and trailing shoe have been shown to reduce ammonia emissions compared to
broadcast by 73 and 57%, respectively (Misselbrook et al., 2002). For Irish grasslands, the trailing shoe appears to be the
most suitable alternative to broadcast, as the high stone content of soils and undulating topography make injection
unsuitable. However, it is not clear if the reduced ammonia emissions of the trailing shoe compared to broadcast result in
an increase in slurry N uptake by the grass. Therefore, the objective of the experiment presented was to determine slurry
NH;-N recovery in herbage and soil in the year of application as affected by application method and timing (spring versus
summer application) using a "N tracer technique.

Materials and methods The experiment was conducted on permanent pasture at Johnstown Castle, Wexford, Ireland, as
part of an agronomic experiment with similar treatments (Lalor & Schulte, 2009). Three treatments were investigated: 1) no
slurry applied (N), 2) broadcast application (BC) and 3) trailing shoe application (TS). The NH4-N fraction of slurry was
spiked with highly enriched (99 atom% '"N) ammonium sulphate to give a 2 atom% enrichment (2% of all N atoms were in
the form of '°N) and applied to 80 cm by 80 cm micro-plots by watering can at a rate equivalent to 33 tonnes per hectare
(~100 kg Total N / ha and 50 kg NH4-N / ha). The slurry was applied in April (spring application) or June (summer
application) 2007 and 2008 with 6 replications. The spring applied micro-plots were harvested and sampled in June, and
residual cuts (no additional fertiliser applied) were taken in July and September. Summer applied micro-plots were
harvested in July with a residual cut in September. Herbage dry matter (DM) yield >5cm and the total N and "N
concentration in the harvested grass and the soil (top 15 cm) in the 50 by 50 cm square within the micro-plots were
determined. The recovery of slurry NH,-"°N in herbage and soil was calculated, and based on that the % of slurry NH,-""N
lost from the system could be determined. Statistical analysis was carried out using PROC MIXED in SAS. The fixed
factors were application method, timing and experimental year, including all two- and three-way interactions, and block
was included as random factor.

Results Of all the slurry ammonium N applied, at the end of the
season on average, 26% was recovered in the soil and 28% in

100% 1+ + + +

90% | herbage (Fig. 1). The remaining 46% of "NH,-N was lost from the
_ 80% plant-soil system. The main loss pathway for slurry ammonium N is
= 70% | H5 volatilisation, followed by losses through leaching, denitrification
Z 60% | O Lost and runoff. Additionally, some '°N was probably incorporated into
"*; 50% | o Soil the stubble and root mass, or moved into soil layers below 15 cm,

S 40% | which was not accounted for in this experiment.
» 309 | W Herbage Ammonium loss was significantly lower (p<0.0001) for TS compared
= 209 | to BC. This resulted in a higher recovery of ammonium in grass and
10% | soil (on average by 9 and 10 % points, respectively). The difference
0% | between TS and BC was largest in the first cut after application, but
remained visible for the residual harvests. The increase in slurry N
recovery resulted in a higher yield for TS compared to BC in the first
cut after application (on average 4.9 and 4.5 t DM ha™', respectively)

(results not shown).

The ammonium N loss was significantly higher (p<0.001) during
summer than spring (Fig. 1). This was related to weather conditions
after application, as average temperature and radiation tended to be
higher, which may have resulted in higher volatilisation (Dowling et
al. 2008).

Figure 1 Effect of application method and season
on slurry NH,-""N recovery in herbage (cum) and
soil, and on calculated loss (all % of total
applied), averaged over two years. Error bars =
2XSE (n=12).

Conclusions "°N labelling of slurry proved to be a good tool for plot scale quantifications of N recoveries and losses after
application of slurry. The slurry NH,-""N recovery was significantly higher for trailing shoe compared to broadcast applied
slurry. Additionally, NH4-""N recovery from spring applied slurry was higher than for summer applied slurry. N efficiency
in livestock grassland systems can be increased by changing spreading timing to spring and/or spreading method to trailing
shoe.
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Introduction Current EU directives (ED 86/278/EEC) promote the recycling of municipal sludge in agriculture and to set
standards to protect the environment and food quality. Treated sludge is termed ‘biosolids’ of which an estimated 150,000
tonnes will be produced annually in Ireland by 2020. The only means of disposing of this material, in compliance with
current regulations, is by land spreading. Biosolids may improve soil fertility and structure and benefit crop yields,
however, their impact on agricultural ecosystems are unknown. The objective of this study was to investigate the effects of
biosolids from various sources in Ireland and applied at different rates on sensitive indicator invertebrate species under
laboratory conditions.

Materials and methods The species investigated were the earthworm Eisenia fetida and the springtail Folsomia candida.
Worms and springtails of similar age and development stage were obtained following the collection of cocoons and eggs,
respectively, from populations reared in a controlled environment cabinet at 20 °C and 12 h : 12 h D : N. Artificial soil,
composed of kaolinite 20%, moss 10% and quartz sand 70%, was used for worm trials in boxes 10 x 10 x 10 cm and
containers of 5.5 cm diam. and 6.5 cm in height were used for springtails. Worms were reared on reconstituted cow
manure and springtails reared on yeast. Biosolids (= 90 — 96 % DM) were obtained from the five plants throughout the
country. The rate of applied biosolids were equivalent to 2, 5, 10 and 20 t/ha (recommended rate is 2 t/ha) were compared
with untreated controls. Replication was 6-fold. Ten worms and ten springtails were used per treatment. Mortality and
biomass of the adult worms were recorded after 28 days and the number of juvenile earthworms after 56 days.
Mortality/reproduction of springtails were recorded after 28 days. The data were analysed using the general linear model
procedures (SAS 9.1, 2003).

Results Applying Biosolids at the 2 t/ha rate had no affect on the mortality of adult worms. While the 5 t/ha rate resulted
in the death of a small number of worms the difference with that for the 2 t/ha was not significant. Increasing the rate of
application of any of the five Biosolids from 5 t/ha to 10 t/ha caused a significant (p=0.01) reduction in worm number.
There were significantly fewer worms recovered from the 20 t/ha rate than that for 10 t/ha. Juvenile worms were
significantly fewer than controls for a one Biosolid at the 2 t/ha rate and for three Biosolids at 5 t/ha. No juvenile worms
were recorded at the 10 t/ha and 20 t/ha rates, respectively for two and four of the Biosolids investigated. Comparisons of
Biosolids from different sources based on the number of juvenile worms produced showed differences were significant.

In the case of adult springtails, significantly fewer were recorded for the 2 t/ha rate when compared with that for untreated
controls. The difference in adult numbers between the 2 t/ha and 5 t/ha rates was not significant. Neither was the
difference between the 5 t/ha and 10 t/ha rates. However, the 20 t/ha rate had significantly fewer adults than that for the 10
t/ha. Each of the four rates of Biosolids had significantly fewer juveniles when compared with controls. When compared
with the 2 t/ha rate the 5, 10 and 20 t/ha rates had significantly fewer juveniles. Juvenile springtail numbers recorded for
the 5 t/ha rate did not differ significantly with that for 10 t/ha but were significantly greater than that for the 20 t/ha rate.
The number of juveniles recorded for the 10 and 20 t/ha rates were low and were not significantly different. Comparing the
number of juveniles recorded for the different Biosolids showed significant differences i.e. a source effect.

Conclusions Applying Biosolids at 2 or 5 t/ha had no effect on the mortality of adult worms. Significant worm mortality
occurred at the 10 and 20 t/ha rates. The production of juvenile worms was reduced at the 2 t/ha rate while above this rate
relatively few juveniles were produced. The 2 t/ha rate caused mortality of adult springtails and reduced production of
juveniles. Biosolids from different locations differed in their effects on worms and springtails. Overall, the laboratory
study showed that while the application of Biosolids at the normal rate of 2 t/ha does not affect adult worms it reduces the
production of juveniles and negatively impacts on both adult and juvenile springtails.
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Introduction E. coli O157 is a pathogenic micro-organism which is ubiquitous in the agricultural environment as a result
of livestock defecation and slurry spreading. This pathogen can cause severe gastroenteritis and haemolytic uraemic
syndrome in humans. Thus it is necessary to determine the factors that influence E. coli survival in soil to ensure that
agricultural practices do not pose a risk to public health. The aim of this work was to determine the impact of soil biota and
soil type on the survival of a non-pathogenic strain of E. coli O157, which shows similar survival characteristics to
pathogenic E. coli.

Materials and methods Sandy loam and clay loam soils were collected from Silsoe farm, Cranfield, UK. Soil was sieved
to 4mm and moisture content was adjusted to 44 % and 25 % of field capacity for clay and sand soil respectively. Sg sub-
samples were transferred to microcosms (sterile glass vials, 30ml). Half of these microcosms were sterilised by
autoclaving. Microcosms were stored at 4°C for the first 6 days of the experimental period, and at room temperature (18°C)
thereafter. Test microcosms were inoculated with 5001 of culture, containing a known E. coli concentration of 2 x 10’
colony forming units (CFU) per gram of soil. The inoculum culture was prepared by adding 100ul of an overnight culture
of E. coli 0157 to 100ml fresh LB broth and incubating at 37°C for 24 hours on an orbital shaker at 150 rev min™. This
culture was subsequently centrifuged at 10 000 x g and washed three times in sterile % strength Ringers solution. The
culture was then serially diluted to a factor of ten, and each dilution was plated onto Sorbitol MacConkey agar amended
with Cefixime-Tellurite supplement (CT-SMAC), which is selective for the O157 strain. Plates were incubated at 37°C for
24 hours. Based on these results, it was possible to determine the appropriate dilution to use for microcosm inoculation.
Control microcosms were inoculated with 500ul of sterile % strength Ringers solution. Microcosms were mixed gently by
hand following inoculation and weighed to establish cumulative initial moisture content. They were sampled destructively
immediately after inoculation, and on days 2, 4, 8, 16, 32 and 64 of the experimental period. They were monitored for
evaporation by weighing, and sterile water was added when necessary. Sampling consisted of adding 10ml sterile Y4
strength Ringers solution to each microcosm and vortexing, followed by 15 minutes on a reciprocating shaker at 150 rev
min™'. Microcosms were then vortexed again, and allowed to stand for 5 minutes for the heavier soil fraction to settle out of
suspension. 5-fold dilutions were established for each microcosm in sterile universal bottles. 100ul of each dilution was
plated onto CT-SMAC, and incubated at 37°C for 24 hours after which characteristic beige colonies of non-toxigenic E.
coli 0157 were counted and recorded (adapted from Avery et al., 2005).

Results E. coli concentrations were stable at low temperature (4°C), and there was no significant effect of time, treatment
or soil type on E. coli survival. Conversely, the three-way interaction between time, treatment and soil type was strongly
significant at room temperature (18°C, p<0.001). Data also suggest that this interaction differed between sand and clay
microcosms. There was a significant effect of the interaction between temperature and treatment on E. coli survival
(p<0.001), but there was no difference in this effect between soil types.
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Figure 1 E. coli concentration in (a) sterile and (b) non-sterile sand and clay microcosms over time. Values show mean
CFU g" = SEM (n=3).

Conclusions These results show that the soil biota has a definite impact on E. coli O157 survival, which becomes more
pronounced at ambient temperature. The influence of soil type on survival is less clear, due to additional confounding
factors such as organic matter, soil spatial structure and microbial diversity.
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Introduction Poaching damage is a limiting factor for pasture production and utilisation. Understanding the negative
effects of poaching remains crucial since grazing is becoming more important for European farmers. Poaching has been
shown to reduce pasture production by 13 to 45 % (Meneer et al., 2001). The objective of this study was to quantify the
effects of varying levels of poaching damage on the dry matter (DM) production and tiller density of a perennial ryegrass
sward on a free-draining acid brown earth soil.

Materials and methods Twenty four 5 m x 11 m (55 m?) plots were established in a two-year old sward dominated by
perennial ryegrass (Lolium perenne L.) at Teagasc Moorepark Dairy Production Centre in the south of Ireland. Four
treading damage treatments were applied: i) Control (C), ii) Barely damaged (BR), iii) Intermediately damaged (ID) and iv)
Badly damaged (BD). Forty five non-lactating dairy cows (average weight 550 kg) were used to achieve the desired levels
of damage. Residency times were 0, 20, 40 and 120 minutes for C, BR, ID and BD, respectively. Half of each plot was
rolled four weeks after the poaching treatments had been applied (12 March) thereby creating 48 plots (2.5 m x 5.5 m).
Once preceding and five times subsequent to treatments being applied, herbage mass on each treatment plot was estimated
by harvesting a strip of 10 m x 1.2 m using a motor Agria mower (Etesia UK Ltd., Warwick, UK). The fresh weight of the
harvested material was recorded and a sub-sample (100 g) was dried at 40° C for 48 h, and DM% obtained. Herbage mass
(kg DM/ha) was then calculated. Tiller density was assessed once before and on two occasions after the poaching event.
Three turves (10 cm x 10 cm) were selected randomly from each plot, cut to a depth of >30 mm and dissected. The species
of each tiller were identified and counted. All plots were fertilised with 30 kg nitrogen (N)/ha in the form of calcium
ammonium nitrate (CAN) after they were grazed. Hoof depth was measured with a ruler on 20 random hoof marks in each
plot. Surface roughness was measured using a 7.57 m chain placed on the soil surface following the contours of the
poached soil. The chain length reduction was an estimate of the roughness of the surface. Two measurements per plot were
taken and then averaged to calculate the chain reduction. Differences between mean values were tested for significance by
ANOVA, with level of poaching and rolling as factors as a randomised complete block design with rolling as split plot.

Results Poaching affected herbage mass on the first harvest post damage but there was no difference in cumulative DM
yields. After the imposition of treatments, herbage mass was significantly reduced for the BD treatment (Table 1).
Cumulative DM yields to the end of August were not different between treatments and tiller density was not affected by
poaching or rolling. Average depth of hoof prints were 3.57, 4.83 and 5.83 cm deep (P<0.001) for BR, ID and BD,
respectively. Surface roughness, expressed as a percentage of chain reduction, was 2.52, 6.17, 8.37 and 12.73 % (P<0.001)
C, BR, ID and BD, respectively. Surface roughness was greater in areas that had not been rolled (5.89 %) compared to
areas that had been rolled (2.97 %; P<0.001).

Table 1 Dry matter yield (kg DM/ha) and perennial ryegrass tiller density (m”) of the four treatments Control (C), Barely
damaged (BR), Intermediately damaged (ID) and Badly damaged (BD), and for the two sub-treatments Rolled (R) and Not

rolled (NR).
Grazing C BR ID BD Pvalue | R NR Pvalue SED
DM yield 1 2,304 2402° 2,095° 1,620° <0.001 |[2,042 2,169 n.s. 153.7
(Kg DM/ha) 2 1,215 1,320 1,369 1,351 n.s. 1,309 1,319 n.s. 56.6
3 2,192 2332 2472 2,509 n.s. 2,361 2,392 n.s. 123.3
4 1,488  1,558°% 1,587 1,706° 0.0432 | 1,564 1,606 n.s. 69.2
5 2,038 1,983 2,156 2,145 n.s. 2,086 2,075 n.s. 121.1
Tiller density 1 7,985 8276 8050 8,106 n.s. 8,126 8,082 n.s. 734.9
(PRG/m?) 2 7,700 7,498 7485 7817 n.s. 7,646 7,604 n.s. 712.4

SED = Standard error of the difference; ™ values in the same row not sharing a common superscript are significantly
different; PRG=Perennial rye grass.

Conclusions Previous studies have reported reduced pasture production following a single intensive poaching event
(Drewry et al., 2008). However, in those studies, the soil type was silt loam or clay. Conversely, in the present study, the
soil type was a free-draining, acid brown earth with sandy-to-loam texture. Herbage on this soil may be more resilient to
damage than herbage on soils with higher clay content. Hence, the lack of treatment effect in the present study may have
been due to soil texture. This study indicates that perennial ryegrass swards on sandy-to-loam soils overcome a single event
of substantial treading damage in spring. A similar experiment is being repeated in a heavier textured soil.
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Introduction Compaction occurs as a result of traffic on the soil surface, e.g. tractors, machinery, cattle trampling. In
grazing systems, animal treading can affect soil physical properties and in some circumstances, such as critical soil water
contents can result in soil compaction and reduction or loss of soil porosity. Excessive compaction has damaging
consequences for agriculture and the environment, such as reduced plant growth, reduced infiltration rates and increased
runoff potentials (Gifford et al., 1977). Changes in soil bulk density can be used to determine the occurrence of compaction
as a result of surface activities. An increase in bulk density following treading is an indication of compaction. The objective
of this study was to investigate the effect of treading by dairy cows of different weights on soil physical properties on a free
draining soil at a range of soil moisture deficits (SMD).

Materials and methods An experiment was undertaken at Teagasc Moorepark, Fermoy, Co. Cork on a free draining soil
type. The experiment was a 4 x 4 factorial arrangement, with four replicates per treatment. The treatments were SMD
(SMD = 0.0, 11.0, 13.9 and 28.8 mm) and four dairy cow weights representative of Holstein Friesian (545 kg +/- 20 kg),
Jersey X Friesian (478 kg +/- 20 kg), Jersey (389 kg +/- 20 kg) or no cow (0 kg). Soil moisture deficit was estimated using
the model developed by Schulte ef al., 2005. At the target SMD, 2 cows per treatment were walked up and down the
assigned plots five times in each direction. The size of the front left hoof on each cow was measured and taken to represent
that of the four hooves on the cow. Bulk density, total porosity, gravimetric and volumetric water content, penetration
resistance and soil shear strength were measured, using standard methods, before and after treading. Data relating to bulk
density and soil shear strength are presented here. Bulk density measurements were repeated 10 weeks after the trampling
event to assess soil recovery.

Results There was a significant effect (<0.001) of SMD and trampling on bulk density (Figure 1). The effect of cow weight
was approaching significant (0.0599). Bulk density increased by 0.024 following trampling, and was 0.048 greater in the
hoof marks. Ten weeks after trampling the soil bulk density was 0.04 higher than before trampling, this is explained by the
high SMD on these sampling occasions. Soil shear strength increased by 0.083 following trampling (Figure 2).
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a b ¢ d
Figure 1 The effect of four cow weights (0, 389, 478, 545 kg) on soil bulk density at four SMDs (0.0, 11.0, 13.9, 28.8
mm) before trampling (a), after trampling in non-hoof marks area (b), after trampling in hoof mark areas (c) and 10 weeks
after trampling (d).
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Figure 2 The effect of three cow weights on soil shear strength at four SMDs (0.0, 11.0, 13.9, 28.8 mm) immediately
before and after trampling.

Conclusions Bulk density and soil shear strength increase significantly with increasing SMD. Soil bulk density and soil
shear strength were similar for all cow weights at the four SMDs. No significant differences between the three cow weights
on bulk density and soil shear strength measurements were found.
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Introduction Water treatment residual (WTR) is a waste product from the purification of potable water whereby chemical
products (Aluminium [Al,(SOy);] or iron salts (FeCl;)) are included for coagulation of suspended sediment and dissolved
organic carbon. Such residues have high levels of unutilised amorphous Al or Fe and could be used as an amendment to
lower manure water soluble P (WSP). The aim of this study was to 1) characterise WTR phosphorus absorption maxima
(Pmax) (2) determine the WTR capacity to lower WSP in cattle manure in the laboratory and the optimum time required for
co-blending WTR with manure and 3) determine if runoff phosphorus (P) is lowered when WTR is pre-mixed with manure
and surface applied in the field.

Materials and methods WTR from Carron Hill water treatment works, Co. Armagh was dried and ball-milled to <150um.
Phosphorus sorption isotherms were generated by batch equilibrium to determine WTR Pmax. WTR (25 g WTR/L) was
shaken with standard P solutions (ranging from 0 to 3.5 g P/L, as KH,POy,) at 150 rpm for six days at 20°C. The isotherm
data were fitted to the linearised Langmuir model (Olsen and Watanabe, 1957) and a Pmax value was determined. In the
laboratory, WTR was added to dairy slurry (2.5g WSP/kg) at 36, 72 and 144 g/kg. Samples were incubated in triplicate at
10°C and removed from the incubator at 10, 24, 48, 72 and 108 hours. Samples were homogenised, centrifuged and
analysed for residual WSP by the colorimetric method of Murphy and Riley (1962). For the field runoff experiment, slurry
was mixed with WTR at two rates (100 and 250 g/kg) and after four days was surface applied at 50 m*/ha to 0.5 m’
grassland plots. A control slurry received no WTR amendment. Simulated rainfall was applied for 30 minutes at 40
mm/hr, two days later. Total runoff was collected and analysed for total P (TP) and dissolved reactive P (DRP).
Logarithmic transformations (log base 10) were performed on all P concentrations and runoff volumes and differences in
flow-weighed mean P concentrations between slurry treatments were assessed by analysis of variance.

Results A Pmax of 82.6 g P/kg was calculated for the WTR. This was much higher compared to the Pmax reported for 18
WTRs in the US, 10.4 to 37.0 g/kg (Dayton and Basta, 2005). In the laboratory experiment it was only with the highest
WTR rate that WSP was found to be substantially reduced (Fig. 1). At 108 hours, WSP was reduced from 2.15 to 0.61 g
P/kg, approximately 70%. Applications of WTR were further increased in the field runoff experiment to maximise the
potential of reducing runoff P concentrations. However, although runoff P concentrations in runoff from WTR co-blended
manures were lower than the control manure no significant difference was found in either P concentrations or runoff
volume. A possible reason for this may be the increased manure dry matter which prevented thorough mixing.
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Figure 1 Rate of W3F sorption by WTE in dairy manure

Conclusions This is the first study to assess the effect of co-blending WTR with manure on P concentrations in runoff. To
date only WTR applications in soil incorporation and as buffer strips have been investigated. Given that WTR may be a
stronger sorbing material in Northern Ireland than in the US further work is required to optimise the rate of WTR rate in
slurry as well as temperature and moisture conditions during incubation to realise the full potential of WTR co-blended
manures as a best management practice.
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Introduction Early season grazing has a number of benefits on dairy farms, including reducing silage requirements,
reducing the quantity of slurry in stores, and encouraging good sward development. However, soil moisture levels can be
high in early spring, thus increasing the risk of soil surface damage. This, combined with the removal of herbage by grazing
cows may increase the risk of phosphorus (P) export to waterways via overland flow pathways. In view of the contribution
of P to eutrophication of waters in Northern Ireland, early spring grazing may present a risk. Thus, the aim of this
experiment was to examine the effect of grazing intensity in spring on P losses via overland flow.

Materials and methods Four treatments (Table 1) were examined in a randomised block design experiment. Treatments
were imposed during the first grazing in the spring (23" February), and comprised swards being ungrazed (UG), lightly
grazed (LG) or heavily grazed (HG). A second grazing event (-G) took place six weeks later (6™ April). A fourth treatment
(UG-UG) was not grazed during either grazing event. Sixteen plots (each measuring 3 x 7m) were established in four
blocks on a permanent pasture on a north facing slope (average slope 6.5%). Blocks were separated by buffer strips, and
were enclosed within an area measuring 35 x 38 m. Pre-grazing sward heights for the first and second grazing events were
5.2 cm and 6.9 cm respectively. This area was grazed by ten lactating dairy cows (average liveweight, 650 kg) fitted with
excreta collection bags. During the first grazing event the ten cows had access to the LG- and HG- plots for a period of 90
minutes, before being removed. Cows were returned to the site later on the same day and had access to the HG- plots for a
further 90 minutes. Following the first grazing event average sward height was 4.6 cm and 4.0 cm for LG- and HG- plots
respectively. During the second grazing event cows had access to the UG-G, LG-G and HG-G plots for 120 minutes with
plots grazed to a mean residual sward height of 3.0 cm. The soil was a Brown Earth clay loam of Olsen P content 39.2 mg/1
(Index 3). Average volumetric soil moisture content was 63% and 56% for the first and second grazing events respectively.
Overland flow was generated at 2 and 16 days post grazing using two portable rainfall simulators. Rainfall was simulated at
a rate of 40 mm/hr (return period >1 in 50 yrs). Runoff was generated for a 30 minute period and collected in 3 x 10 minute
discrete samples. Soluble reactive phosphorus (SRP), total soluble phosphorus (TSP) and total phosphorus (TP) were
determined using standard colorimetry techniques. Particulate phosphorus (PP) was inferred as the difference between TP
and TSP. Differences between each of the four treatments were analysed by ANOVA using SPSS software, with each of
the first and second grazing events analysed separately. Significance of differences between treatments were determined by
Least Significant Difference.

Table 1 Treatments imposed during the first and second grazing events

Treatment First Grazing (23.02.09) Second Grazing (06.04.09)
UG-G Ungrazed Grazed

LG-G Light Grazing Grazed

HG-G Heavy Grazing Grazed

UG-UG Ungrazed Ungrazed

Results Average P concentrations measured in overland flow are presented in Table 2. Treatment had no effect on SRP or
TSP losses during either the first or second grazing events (P>0.05). During the first grazing event light grazing (LG) had
no significant effect on either TP or PP losses, compared to the ungrazed treatments (P>0.05), while losses were higher
with the heavy grazing (HG) treatment (P<0.05). When swards were grazed in early April, TP and PP losses were higher
(P<0.001) in treatments which had been grazed in early season (LG-G and HG-G), compared to those that were not (UG-
G). The numerically higher TP and PP losses recorded in all treatments during the second grazing event reflects a higher
volumetric soil moisture levels (68.1%) at the time when runoff was generated, a consequence of a period of heavy rainfall
post grazing.

Table 2 Average P concentration (ug/l) in overland flow during the first and second grazing events

First grazing event Second grazing event
UG-G LG-G HG-G Y9 SEM sig. UG-G LG-G HG-G UG- SEM.  sig.
UG UG
Soluble Reactive P 172 150 188 154 19.6 NS 132 127 139 106 11 NS
Total Soluble P 222 217 249 197 213 NS 185 176 192 153 11 NS
Total P 673 835%  993P 634" 825 0.05 1363*  1984°  2373° 1035° 182 0.001
Particulate P 450° 618"  744° 437* 813 0.05 1168  1805°  2103° 867° 175 0.001

Conclusions Heavy grazing in early spring increased the risk of P losses (TP and PP), while ‘well managed’ light grazing
had no effect on P losses. However, there was evidence of a carry-over effect, with early spring grazing resulting in
increased P losses during a later grazing event, although these losses were measured at a time when soil moisture levels
were high.
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Introduction Denitrification is focused upon as the dominant nitrate attenuation process in groundwater zones. A major
concern for the implication of denitrification is that this process does not only serve as a natural pathway for excess NO3’
attenuation but its intermediate product N,O is a potent greenhouse gas (IPCC, 2007). The implementation of the Nitrates
Directive and the Kyoto Protocol in Ireland has identified the considerable need for robust scientific data on the fate and
transport of nitrogen (N) in agricultural systems. The aim of present work was to investigate the denitrification capacity and
N,/(N,O+N») ratio within the shallow groundwater zone.

Materials and methods A groundwater monitoring network was established in Johnstown Castle (JC) grazed grassland
and Oak Park (OP) tillage farm (100 km far from JC). The aquifer geology in the shallow groundwater was sand and gravel
intermixed with clay and sand, and dense gravel with clay bend in Johnstown and Oak Park, respectively. Seven
piezometers (5 cm ID) and 2 m screen sections were installed 3.5 to 5.5 m below ground level. Groundwater was sampled
monthly using a bladder pump following the USEPA low flow sampling procedures (In situ Inc. USA). DO, pH,
temperature, turbidity, electrical conductivity and redox potential were measured during sampling using a multiparameter
probe. Groundwater samples were transported at 4°C to the laboratory and analysed, using standard methods, for NO3’,
NO,, NH,-N, TOC, Total N, Na, K, Ca, Mg, Fe, Zn, SO,%, and CI'. Dissolved groundwater N,O was analysed by
degassing groundwater in sealed serum bottle (160ml) using high purity He (water: He=3:1) and the headspace gas was
analyzed on a Varian gas chromatograph (Reay et al., 2003). The quantity of groundwater N, was estimated from N,/Ar
ratios, measured using Membrane Inlet Mass Spectrometer.

S 250 1 , JC 801D y =-2.8997x+9.7555
S ~ 2.00 - 260 e R’ =0.6153
Q d en v
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Figure 1 Mean monthly N,O+N, conc. over the sampling period in Johnstown Castle (JC) and Oak Park (OP) (a); and
correlation between dissolved N,O+N, and NO;—N concentrations (b).

Results Total denitrification was higher in JC than in OP (Fig. 1a). High temporal variation of total denitrification were
observed in both land uses systems, giving the highest and lowest concentrations of dissolved N,O+N, in June and
February, respectively in JC. In contrast, OP showed the highest and lowest deninitrification in June and March,
respectively. The estimated loss of NOs;-N by denitrification was 24.30 and 4.80% in JC and OP, respectively. The
N,/(N,O+N>) ratio ranged from 0.96 to 0.99 in JC and 0.59 to 0.98 in OP. The NO;-N concentrations over the whole period
showed a strong negative correlation with the total denitrification indicating the transformation NO3-N to N,O-N and N,
(Fig. 1b).

Conclusion Grazed grassland showed a higher NO;™ removal capacity through denitrification process than the tillage
farming system. A higher percentage of denitrification in the tillage site is N,O rather than N,, which could be indirectly
contributing to greenhouse gas emissions upon discharge to surface water. Groundwater denitrification appeared to be an
important mechanism in reducing NOj in groundwater zone.
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Introduction Point-source nitrate (NO;3) contamination of shallow groundwater can result in NO; plumes of high
concentration. Pressure to clean these waters under the EU Water Framework Directive (WFD) has seen the need for in situ
remediation technologies. One such technology is a Permeable Reactive Barrier (PRB). A PRB comprises a layer of carbon
(C)-rich material positioned perpendicular to the direction of flow of contaminated groundwater. In this study, the objective
was to build laboratory-scale PRBs to determine the best reactive media to be used in a field-scale study to treat NOs-rich
water. This paper presents the finding from two reactive media — (1) lodgepole pine woodchips and (2) cardboard — that
have been loaded with NOs;-amended water for a period of greater than 130 days. Future work will test new materials and
will address the production of greenhouse gas (GHG).

Materials and methods 100mm-diameter x 1m-deep acrylic columns were constructed in a temperature-controlled room
operated at a temperature of 10°C. Each column comprised a 1.5cm-deep ‘water tank” (built using a fine metal mesh) at the
base to allow uniform distribution of influent water into the column. 0.8m-deep reactive media rested on top of the metal
mesh. The columns were sealed at the top with rubber stoppers. Influent water was applied at the base of each column
using a peristaltic pump (operated continuously) and the water exited the column via a 1cm-diameter tube positioned just
above the reactive media surface. This mode of operation was in accordance with existing work in this area (Hunter &
Shaner 2009; Moon et al. 2008; Rocca et al. 2007; Saliling et al. 2007; Volokita et al. 1996)and prevented the occurrence
of preferential flow pathways that may occur if the system was loaded from the surface. Rubber septum stoppers were
positioned at 20 cm-intervals along the side of the columns to enable water samples to be collected (Figure 1).

Two reactive media were used in this study: lodgepole pine woodchips (LPW) (~14-
20 mm in size) and cardboard (CB) (cut in squares of ~25mm). Both sets of columns
were constructed in triplicate (n=3). The LPW were placed in the columns in
alternating 30mm-deep layers with soil from the proposed study site. The average
initial porosity was ~33%. The CB columns were constructed in a similar manner to
LPW columns. Here, the average initial porosity was ~41%. All 6 columns were
covered with black plastic. Prior to operation, all columns were loaded with tap
water, loaded at a rate of 19-22.5 mm d”' (to establish background C and nutrient
release), after which they were seeded with ~IL of bulk fluid containing
heterotrophic bacteria from a wastewater treatment plant and loaded with NO3;-N
solution at a concentration of 20 mg/L. Almost daily water samples exiting the
Figure 1 Columns set-up columns were analysed for: pH, chemical oxygen demand (COD), ammonium (NHy-

N), NO;-N, nitrite (NO,-N) and ortho-phosphorus (PO,4-P).

Results The results are presented in Table 1. The LPW and CB columns have been working for more than 150 and 130
days, respectively, and continue to produce effluent NO;-N concentrations below 0.0076mg/L. Student t tests were utilized
in the data analysis, and a P-value greater than 0.05 was obtained, indicating no statistical difference between the columns
(LPW and CB). This represents a removal of almost 100%. Effluent COD from both sets of columns continues to remain
high (>572 mg/L), indicating an abundant C source in the media. Effluent NH4-N from both columns is high (>3.85mg/L),
indicating N release from the media.

Table 1 Average results from the Lodgepole pine woodchips (LPW) and Cardboard (CB) columns.

pH outlet COD NH4-N PO4-P NO3-N inlet NO3-N outlet

mg/L mg/L stdev mg/L stdev mg/L stdev mg/L stdev

LPW 737 572 4.8 2.2 0.20 0.17 2135 093 0.008 0.015
CB 7.16 911 3.9 2.5 0.10 0.16 ) ’ 0.005 0.013

Conclusions The results from this study indicate that lodgepole pine and cardboard are good media for use in PRBs. Both
media have produced effluent NO3-N concentrations below 0.0076mg/L. This represents a removal of almost 100%.
Effluent pH, COD and PO,4-P concentrations have continued to remain stable.
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Introduction Runoff from grassland pastures and meadow fields following slurry application can result in incidental P and
suspended sediment (SS) losses, and has the potential to transport nutrients to surface water where fields are in close
proximity to surface waters (Volf ef al., 2007). This may result in eutrophication of rivers and fresh water lakes. ‘Incidental
P loss’ is the term given to P losses that occur shortly after manure application. Dairy cattle slurry is an excellent source of
nutrients and land spreading is the most efficient means of disposal. It is critical that manure is spread effectively and
efficiently to minimise P losses. Chemical amendment of slurry for the control of P is not currently considered a mitigation
method in Ireland. However, the Water Framework Directive (WFD) recommends research and development of new
pollution mitigation measures to achieve a 2015 target of ‘good status’ waters. The aim of this work was to identify
potential amendments to control P in runoff following land spreading of dairy cattle slurry. The effects of amendments on
gaseous emissions from slurry and effects on metals in runoff were not determined in this experiment. The objective of this
work is to examine — at laboratory scale - the effect of chemical amendments on dissolved reactive phosphorus (DRP) and
total phosphorus (TP) loss from grassland following land spreading of dairy cattle slurry.

Materials and methods Intact grassed sods were cut in 300-mm-wide by 600-mm-long by 80-mm-deep sods using a spade
and placed on plastic-covered boards. The sods were then trimmed and placed end-to-end in 2m-long flumes. Molten
candle wax was used to seal any gaps along the flume. Replicated experiments (n=2) were conducted within 10 days of soil
collection. Homogenized dairy cattle slurry samples were collected in 10-L drums and transported to the laboratory and
stored at 4°C until testing commenced.

A runoff experiment was designed to compare the nutrient effects of chemical amendment of dairy cattle slurry subjected to
low-energy rainfall with an intensity of 11.5 mm hr'. All sod samples were approximately at field capacity before the
treatment commenced. Surface runoff samples were collected in 5-min-intervals once runoff began. Each rainfall
simulation comprised 3 successive 1-hr rainfall events at time zero (Rainfall 1), after a 1-hr interval (Rainfall 2) and after a
24-hr interval (Rainfall 3) to determine the effect of storm interval on the effectiveness of chemical amendments in
reducing P loss via surface runoff. Four treatments were examined in the rainfall simulator: (i) dairy cattle slurry (the study
control); (ii) alum-amended slurry; (iii) and lime-amended slurry. Dairy cattle slurry and the amended slurries were applied
to the soils in the flumes at a rate approximately equal to 26 kg TP ha™'. Alum (0.68:1 Al: TP stoichiometric rate) and lime
(10:1 Ca: TP) were added to the slurry immediately prior to land spreading. Immediately after collection, runoff water
samples were filtered (0.45um) and analysed colorimetrically for DRP using a nutrient analyser (Konelab 20, Thermo
Clinical Labsystems, Finland). Unfiltered runoff water samples were frozen at -20°C for TP analysis using acid persulphate
digestion. All samples were tested in accordance with the Standard Methods (APHA, 2005).

Results Alum addition resulted in best reduction in DRP in runoff, lowering the mean flow-weighted concentration
(MFWC) of DRP by 87% during Rainfalls 1 and 2, and by 66% during Rainfall 3. Lime addition reduced the DRP MFWC
by 67% during Rainfall 1, 76% during Rainfall 2, and by 77% during the Rainfall 3. Lime was best at reducing TP losses
from the flume. Lime reduced MFWC of TP loss by an average of 85% and alum reduced TP loss by 53%.

Dairy cattle slurry Alum amended slurry Lime amended slurry Dairy cattle slurry Alum amended slurry Lime amended slurry
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Figure 1 Dissolved reactive phosphorus, suspended sediment, total phosphorus and particulate phosphorus for dairy cow

slurry, alum amended dairy cow slurry and lime amended dairy cow slurry. (Rainfall event 1 (), Rainfall event 2 (m) and
Rainfall event 3(A))

Conclusion Alum and lime reduced losses of DRP and TP for each of the 3 rainfall events. Alum resulted in the greater
reduction in DRP in runoff however it was not as effective as lime at reducing TP. Work is required to examine long term
effects of treatment.
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Introduction Implementation of Nitrate Directive (91/676/EEC) in Ireland has constrained farmers to lower losses of
nitrogen (N) to water. Cultivation of long-term permanent grassland increases the rate of mineralization of soil organic N
and thus promotes N losses via leaching and denitrification. The objective of this experiment was to examine the impact of
cultivation of permanent grassland on losses of N to water on a clay-loam soil (42% clays in the upper horizon) at Solohead
Research Farm (52°51°N, 08°21°W).

Materials and methods The effect of cultivation of grass-clover swards in three dairy production systems on losses of N to
ground water was studied over a one year period (August 2008-August 2009). Monitoring was conducted in a randomised
complete block design with 2 factors. There were two cultivation treatments: (i) cultivated and reseeded grass-clover
swards [cultivated] and (ii) permanent grass-clover swards [uncultivated]. There were six replicated plots of both cultivated
and uncultivated swards within each of three systems. The systems of dairy production compared had: (i) a mean calving
date of 17 February, stocking density of 2.15 cows/ha, receiving 90 kg/ha annual fertilizer N input; (ii) a mean calving date
of 17 February, stocking density of 1.6 cows/ha, receiving no fertilizer N input and (iii) a mean calving date of 16 April,
stocking density of 1.6 cows/ha, receiving no fertilizer N input. During the summer of 2008 five sampling units
constructed from plastic pipe were installed in each plot (> 1ha). The depth of the wells ranging from 0.8m to 2.4m below
ground level was based on ground water (GW) depth. Wells with screen openings on the lower 0.20 m of the pipes, covered
by a cotton filter were sealed with bentonite on the soil surface. Sampling was conducted 18 times, fortnightly during the
winter drainage period and after periods of high rainfall during other times of the year. All the resident water was removed
from the wells and wells were allowed to recharge for two hours before sampling. The water samples from each plot were
bulked. Concentrations of total oxidised N, nitrite N, ammonium N were determined by Aquakem 600A. The total N
concentration was determined by LECO CN 2000 analyser. Meteorological data were recorded at the meteorological
station located at the farm. Effective drainage during experimental period was calculated using model of Schulte ez al.
(2005). Nitrogen losses for each treatment were quantified. Concentrations of nitrate N, organic N and ammonium N were
subjected to ANOVA (SAS Institute, 2009) examining the effects of milk production system, cultivation, sampling date
and all their interactions.

Results Total rainfall for the period from August 2008 to August 2009 was 1364 mm and effective drainage was 705.5mm.
Nitrate N concentrations were well below maximum admissible concentration (MAC; 11.3mg dm™; Table 1). There were
no effect of cultivation and dairy production systems on the concentrations of nitrate N, ammonium N and organic N in the
shallow GW. Most of water samples (>0.97) had organic N and ammonium N concentrations exceeding the limits for
Kjeldahl N (organic N + ammonium N) for drinking water (1.0 mg /L) defined by (EC 80/778). There were no differences
in the quantities of ammonium N and organic N lost from the cultivated and uncultivated treatments. The annual quantity of
nitrate N lost from the cultivated treatment were almost double (P<0.05) that from the uncultivated treatment. Organic N
losses represented by far the largest proportion (>0.7) of the total N leached from the cultivated and uncultivated grass-
clover swards.

Table 1 Mean NOs-N, Organic-N and NH,-N concentrations (mg dm™) and total annual losses of N to groundwater

| Concentrations of N (mg dm™) Total loss of N (kg N ha' year™)

| nitrate N ammonium N | organic N nitrate N ammonium organic N
Uncultivated 0.356 0.213 2.543 2.127 | 1.401 15.029

| Cultivated grassland | 0.371 | 0.245 | 2.747 | 4.102 | 1.571 | 15.565

| Significance | NS | NS | NS | P<0.05 | NS | NS

| SEM | 0.068 | 0.042 | 0.176 | 1.218 | 0.303 | 1.519

Conclusions There were no effect of cultivation and system of dairy production on the concentrations of nitrate N,
ammonium N and organic N in the ground water. The quantities of nitrate N lost by leaching were lower than reported in a
previous study (Humphreys et al., 2008) This may be largely attributed to high rainfall, wet soil conditions and relatively
high soil temperatures during summer months, which promoted denitrification of nitrate in this heavy clay loam soil. In the
present study, organic N was by far the largest pool of N lost from the soil to ground water.
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Introduction Soiled water is produced on dairy farms through the washing-down of milking parlours and holding areas
and contains nutrients and other constituents that pose a potential threat to water quality if not managed correctly. In
Ireland, soiled water is generally applied to land, but the risk of nutrient loss to surface and ground waters from land
application has attracted increased attention and legislation in the form of the EU Nitrates Directive and Water Framework
Directive. Treatment and re-use of soiled water may negate some of these risks. This study examines the potential of
woodchip filters to treat soiled water.

Materials and methods Laboratory filter units were constructed from 300 mm diameter plastic piping filled with
woodchip. A stainless steel frame held the units in position so that soiled water could be applied to the top and effluent
collected and sampled at the base. Sitka Spruce (Picea sitchensis) logs were de-barked and chipped (10-50 mm). There
were three filter unit heights (0.5, 1 and 1.5 m) and two suspended solids (SS) loadings (1 % (S1) and 3 % (S3)). However,
total nitrogen (TN) concentrations were low for S1, at an average of 235 mg/l. S3 gave an average TN concentration of 519
mg/l, which is close to the average found in a farm survey. There were three replicates, giving a total of 18 units. Fresh
manure was dried down on-site and, once received in the laboratory was reconstituted with water and used as the influent.
Soiled water was applied in equal volumes of 0.67 1 three times daily (hydraulic loading rate was 28 1/m*/d). A 100 ml sub-
sample of effluent was collected three times weekly after four hours drainage. Units were sampled for 277 days for S1 and
197 days for S3. Samples were analysed within 24 hours of collection for chemical oxygen demand (COD), SS, filtered and
unfiltered TN, NH4-N, NO,-N, NO;-N and PO4-P. Grab samples of woodchips, from different heights along the filter
columns, were ground down and analysed for C using the CHN test before and after the experiment. NH; gas was trapped
in HCI for one hour periods over a week and analysed using a Konelab Aquakem discrete spectrophotometric analyser.
Statistical analysis was carried out using two-way factorial with replication using Statistical Analysis Software (SAS).

Results and Discussion Woodchip filters achieved considerable decreases in SS, TN and COD concentrations (Table 1).
Over 99% of SS were removed for all heights at both loading rates (p>0.05), indicating that woodchip is an effective
physical filter medium. A build up of solids on the top of the filters further indicated and aided filtration. There were
significant decreases in the level of influent TN versus effluent TN, ranging from an 88% decrease for the 0.5m columns in
S1 to 92% for the 1.0m and 1.5m columns. For S3, the percentage removal rates for TN were 93%, 92% and 93% for the
0.5m, 1.0m and 1.5m columns, respectively (p>0.05). A comparison between the unfiltered and filtered concentrations of
TN for the influent and effluent indicated that filtration was the main treatment mechanism. The C content of the woodchip
decreased from 49% to 45%, indicating that C in the woodchip may have contributed to biological nitrogen removal.
Circumstantial evidence from the literature indicates that the woodchip can adsorb some nitrogen through physic-chemical
absorption (Bolan et.al., 2004). Nitrification is indicated by the increase in NO,-N and NO;-N. Analysis of NH; gas
indicated that there was no significant volatilisation. Percentage removal rates of COD for S1 were 96% for all three
heights and for S3 removal rates of 98% for the 0.5m columns and 97% for the 1.0m and 1.5m columns were observed
(p>0.05). COD removal likely also occurred primarily due to filtration but filters were aerobic so biological oxidation of
organic compounds is also possible.

Table 1 Mean water quality parameters (mg/l) (+ standard deviation) for wood-chip filter influent and effluent loaded at 1
% SS (S1) over a period of 277 days and 3% SS (S3) over a period of 197 days.

Influent Effluent
S1 S3 S1 S3
0.5m 1.0m 1.5m 0.5m 1.0m 1.5m

COD 12167 £ 1882 34418 4982 523+ 164 526+115 518+152 795+160 999+ 161 941+ 145
TN 235+ 56 542 +192 27+12 24+ 10 19+9 40+ 10 43 +11 40+ 12
NH4-N  3.69 +£0.49 0.98 +£0.06 7.15+4.56 6.54+4.01 597 +3.58 6.69+433 690+4.49 7.27+4.68
NO2-N 0.00 +0.00 0.00 +0.00 0.52+0.94 0.61+0.98 0.26+0.39 0.13+0.17 0.08£0.13 0.09 £0.1
NO3-N 0.00 +0.00 0.54 +0.15 4.07+3.97 3204454 1.924+2.90 2234225 2444322 1.76+2.19
SS 10000 +0.00 30000 +0.00 6.77 £5.30 6.54+6.79 4.83 £3.83 9234552 8.56+6.10 6.32+3.74

Conclusions Woodchip was shown to be an effective filter medium for decreasing the concentrations of COD, SS and
nutrients in dairy soiled washwater at two different loading rates.

Filtration, adsorption, nitrification, biological oxidation and biological removal may all have contributed to the treatment
process.

The effect of filter unit depth on filter performance was found to be negligible.

Acknowledgements This study was funded by the Research Stimulus Fund of the Department of Agriculture, Fisheries
and Food.
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The effect of soil test P on export of P in overland and macropore flow from a tillage rotation
D Ryan
Teagasc, Crops Centre, Oak Park, Carlow, Ireland Email: declan.ryan@teagasc.ie

Introduction The export of phosphorus from grassland has been researched over several years but losses from tillage at
field scale have not been recorded in Ireland. The phosphorus loss pathway from land to surface water is primarily by
overland flow (OLF) but some P loss is in macro-pore flow (MPF) which is soil water flowing through cracks and
wormholes to field drains. The object of this experiment was to monitor total P (TP) loss from a cereal rotation in a tillage
farming system.

Materials and methods The trial was set up on free-draining silty sandy loam underlain by glacial sands and gravels.
Three plots, 1, 2 and 3 with areas of 0.7, 1.0 and 1.0 ha respectively had gradients of 0.5 to 6 % towards a line of surface
drains connected to V-notch flow meter/samplers measuring overland flow, one monitor set for each of the three plots.
Eighteen macro-pore samplers, each with a straight 0.075 x 1.2 m tube with a water sampler close to the bottom and
installed in the soil at 45°, were installed on a grid pattern in the three plots. Overland flow was recorded continuously from
the 1/1/2005 to 31/12/2007 but MPF sampling took place at weekly/fortnightly intervals during January to April and
October to December each year. The main treatment in this trial, soil test P (STP) was determined from soil samples. Only
limited statistics were used on account of data variability. Comparisons used annual-average and plot-average for most
parameters. In regression, a similar number of mean values were used on each side. Mean values could not be calculated
for MPF data due to incomplete data so the median and mode were used. Total number of samples for STP, OLF, TP, MPF
and sediment were 54, 1141, 267, 146 and 285 respectively.

Results and discussion The target soil P index values of 2, 3 and 4 in plots 1, 2 and 3 respectively were not achieved as
plot 3 reached soil P index 3 only. Significant overland flow was expected from this site due to observations of flooding in
the previous years. However total flow averaged only 13.8 mm y™' compared to over 100 mm y™' at sites fifty miles away.
The range in annual OLF exceeded 300% over the period of the trial (Table 1) while the range in annual rainfall was only
25%. This illustrates that even moderate increases in rainfall volume and intensity, predicted under climate change could
give rise to large increases in flooding.

Table 1 Annual values for STP and overland flow parameters compared

Year Rainfall STP OLF TP TP Load Sediment
(mm) (mg 1) (mmy™) (mg 1) (kgha' y") (kgha' y
2005 731 5.9 5.4 1.01 0.04 92.3
2006 911 5.4 17.5 0.64 0.11 117.3
2007 842 7.1 18.1 0.60 0.18 109.0
Average(+/-SEM) 828 6.13+/-4.5 13.8+/-130 0.75+/-0.19  0.11+/-0.0032 106+/-6300

The TP recorded at this site averaged 0.75 mg I"' for the three plots. Its trend over time was downward which corresponds
with the upward trend in OLF over the same period and indicates dilution as the process controlling TP (Table 1). It was
expected that when the soil was fallow in winter 2006 and spring 2007, TP would have increased but this effect was not
evident, being masked perhaps by variation in overland flow. Total P Load at an average of 0.11 kg ha” y' was low
compared to the average for Irish Agriculture, 0.4 kg ha™ y"' (Tunney ez al., 1998) and most European catchments 0.2 to 2
kg ha' y"' (Kronvang ef al., 2005). Sediment volume was also low at 106 kg ha™ y"' when losses of the order of 1000 kg
ha™' y™! are not uncommon in the USA. In regression analysis, OLF was found to be fairly closely related to TP, P load and
sediment. (R = -0.62, 0.53, 0.67 respectively) but less significance was found in the relationship between the main
treatment STP and TP (R? =0.35). Macropore samplers were erratic in that they produced samples on only some days and
not always the same sampler. This limited the analysis of TP in MPF that could be performed so the median (1.59 mg/l)
and mode (0.82 mg/l) were calculated but not the mean. These values are higher than the corresponding statistics for TP in
OLF (median; 0.34 mg/l, mode; 0.1 mg/l) suggesting that TP in MPF is higher than TP in OLF. This was expected as TP
accumulates in macropores.

Conclusions The quantity of overland flow measured on this site was low compared to other sites. While this is good news
for tillage in Ireland, the shortage of flood data limited the accuracy of the trial. The risk of pollution from this site was low
but it was still possible to delineate tentative relationships between OLF and some other parameters but the relationship
between STP, the main treatment, and TP was poor. The technique that was used for sampling MPF needs to be improved
if TP loads are to be calculated. Overall the absence of pollution from this site suggests that tillage land is not a major
source of P in surface water but more information is required to confirm this.
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Are cows more likely to lie down the longer they stand?
B J Tolkamp, M J Haskell, C A Morgan, S P Turner
Scottish Agricultural College, Edinburgh, United Kingdom Email: Bert.Tolkamp@sac.ac.uk

Introduction Information on (changes in) standing and lying behaviour can be used for oestrus detection and early
diagnosis of health problems, to evaluate welfare consequences of changes in housing and management and to investigate
the underlying animal motivation for these behaviours. A data set on lying and standing behaviour was collected from cows
with IceTag™ sensors (IceRobotics, South Queensferry, UK) fitted to their legs. Our aims were (a) to investigate whether
this behaviour was bouted, (b) to estimate bout criteria if required and (c) to test the hypotheses that (i) the probability of
cows standing up would increase with lying time and (ii) the probability of cows lying down would increase with standing
time.

Materials and methods Data were obtained from IceTag™ sensors fitted to 10 late-pregnant indoor-housed beef cows for
periods up to 16 days. During part of the experiment, video recordings were made to validate the sensor records. The
sensors produced one record per cow per min with an estimate of the percentage of standing and lying time, from which
uninterrupted standing and lying episodes were calculated. The structure of standing and lying behaviour was investigated
first by analysing log-survivorship plots and frequency distributions of (log-transformed) standing and lying episode
lengths. The probability of cows standing up (Psng) in the next 15 min at lying time t was calculated as 1 — (the number of
lying bouts >t + 15 min divided by the number of lying bouts > t min). The same method on the basis of standing bout
lengths was used to calculate the probability of cows lying down (Py;.) within 15 min. Effects of lying time on Py,,q and of
standing time on Pj;, were estimated using linear regression. Only probabilities based on at least 100 observations were
included in the regression analyses to avoid effects of data points based on few observations only.

Results A total of 10,814 lying episodes were recorded. Analyses of the (cumulative) frequency distributions of (log-
transformed) lying episode lengths suggested that standing bouts were interrupted by an excessive number of short lying
episodes (i.e. < 4 min). Comparison of IceTag™ records with video recordings showed that lying episodes > 4 min did
correspond with lying behaviour, but episodes < 4 min did not (these tended to occur e.g. when a cow was displaced at a
feeder). In contrast, short standing episodes recorded by the sensors did correspond to actual standing behaviour. Lying and
standing bouts were, therefore, calculated by ignoring all lying episodes < 4 min. This decreased the number of episodes by
88%, but it had only minor effects on estimated total daily lying time (- 3%). The mean individual daily number of lying
bouts ranged from 7.9 to 15.4 (mean 10.0, SE 0.7). Individual mean daily lying time varied from 10.2 to 13.0 h (mean 11.6,
SE 0.33 h). The probability of cows

standing up increased linearly with lying 0.8 0.4
time (Fig. la), as hypothesized. The (a) & (b)
probability of cows lying down was, E 06l (= - = (3
however, entirely unaffected by standing B g
time (Fig. 1b), which contradicted our - " z +
hypothesis. Disaggregation of the data in £ 04 2 02
subsets showed that the absence of any E = .t .
effect of standing time on P}, was not - a2 T et e et
. . = 'ﬂ.! ] 1 Y
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Figure 1 The probability of cows
standing up (Pgnq) Within 15 min in relation to time lying (a) and the probability of cows lying down (P};.) within 15 min in
relation to time standing (b). Regression lines were fitted to the data indicated by the solid symbols. The regression line in
graph (a) was highly significant (R? = 0.98, P < 0.001, RSD = 0.021). The regression line in graph (b), however, was not
(R*=0.003, P = 0.83, RSD = 0.033).

Conclusions Sensors can give relevant information on cows’ standing and lying behaviour but the type of sensor used here
recorded an excessive number of short lying episodes which must be adjusted for. Determination of a bout criterion that
distinguishes between actual lying bouts and sensor settings suggesting short lying episodes but caused by other factors,
such as sudden leg movements, then allows a meaningful interpretation of the data. The increase in the probability of cows
standing up with lying time was as expected. Cows were, however, not more likely to lie down the longer they were
standing, thereby refuting our second hypothesis. This suggests that the increase in motivation to lic down that has been
observed after lying deprivation (Metz 1985; Munksgaard et al.,, 2005) may have limited relevance for cows that are not
deliberately lying-deprived.
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Factors affecting dairy cow preference to be indoors or at pasture
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Introduction Indoor housing and pasture can have both positive and negative effects on the welfare of dairy cows, and
environmental conditions can influence the location that dairy cows prefer. For example Krohn et al. (1992) reported
pasture to be the preferred lying place for dairy cows during the summer months, but preference shifted towards indoor
straw housing with deep bedding in the winter. However, it is unclear whether high yielding dairy cows have a preference
for indoor housing or pasture and how environmental conditions and cow factors influence their choice. The aim if the
study reported here was to determine whether high genetic merit dairy cows have a preference to be indoors or on pasture
and to assess which environmental factors influence their preference.

Materials and methods The study was conducted between May and August 2008 with 24 high genetic merit Holstein
dairy cows in mid to late lactation. Twice a day after milking, cows were given the choice of going to pasture (0.56 ha) or
to a cubicle house. They were then free to move between the two until the next milking. Indoors, a total mixed ration
(TMR) (DM basis: 32% grass silage; 25% maize silage; 22% concentrate blend (GLW Feeds, Loughborough, UK); 17%
whole crop wheat; 2% seed hay; 2% molasses) was available ad libitum. At pasture, sward dry matter (DM) was
maintained between 1800 and 3000 kg DM/ha measured using a rising plate meter. The study had three experimental
periods, during each of which eight cows received an eight day training period followed by an eight day study period. Cows
had at least two weeks prior experience of each location. A video camera was used to record time spent indoors and at
pasture. To determine the environmental factors influencing the cow's decision, weather conditions were recorded indoors
and at pasture using a Davis Vantage PRO2 weather recorder (Hayward, California, USA). Milk yield was recorded daily
and each cow was given a body condition score (BCS), lameness score and were weighed on days one, eight and 16 of the
study. One sample t-tests were used to analyse time spent and linear regressions were used to analyse factors affecting
preference.

Results When given a choice the cows spent 91.9% (£ 2.33) of their time indoors, which was significantly different from
100% (P=0.001), 50% (P<0.001) and 0% (P<0.001). Time spent indoors was influenced by environmental conditions.
Rainfall influenced preference (P=0.015) (Figure 1), with cows spending more time indoors on days when it rained.
Relative humidity outdoors influenced preference (P=0.045), as did relative humidity indoors (P=0.004). When the relative
humidity was low indoors (< 70.2%) and outdoors (< 78.7%) the cows spent more time at pasture (0.4 vs. 2.7 hours for
high vs. low relative humidity indoors respectively; 0.7 vs. 1.7 hours for high vs. low relative humidity at pasture
respectively). Average temperature indoors (P=0.985) and average temperature outdoors (P=0.742) had no effect on
preference. Of the animal factors, milk yield affected preference (P=0.005) (Figure 2), with high yielding cows spending
more time indoors than low yielding dairy cows. There was a tendency for BCS to influence preference (P=0.058). Cows
with a high BCS score (> 2.7) spent more time at pasture (1.5 vs. 0.9 hours for high vs. low BCS respectively) compared to
cows with a low BCS (<2.7). Lameness (P=0.41) and liveweight (P=0.77) had no affect on preference.
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Figure 1 Number of hours the cows spent at pasture over 192 h Figure 2 Percentage time spent indoors and at pasture

Conclusion Cows expressed a partial preference to be indoors which was influenced by environmental conditions and
individual cow factors. It is possible that the higher yielding dairy cows expressed a stronger preference to be indoors as
the TMR indoors allowed them to satisfy nutritional demands more easily than grazing at pasture. The difference in the
feed provided in each location may have influenced cow preference and requires further investigation.
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Introduction The inclusion of straw in the diet of lactating dairy cows as a source of physically effective fibre may benefit
rumen function and production. By stimulating chewing and rumination, effective fibre should promote a more stable
rumen by preventing large variations in rumen pH that can occur when cows consume high levels of readily fermentable
carbohydrate (Beauchemin ef al., 2008). Whilst the concept of including limited amounts of straw in milking rations is
accepted as being nutritionally sound, there is limited scientific proof available (Ferris et al., 2000). Further to this, chop
length of the straw as well as the amount included in the ration may be crucial if expected benefits are to be achieved
without compromising production or feed efficiency. Our objective was to evaluate the effects of adding straw to a total
mixed ration (TMR) and the method of straw inclusion (and resulting differences in straw chop length) on feed intake, eating
and rumination activity, rumen pH, milk yield, and milk composition of lactating dairy cows.

Materials and methods Nine multiparous lactating Holstein-Friesian cows averaging 43 litres milk/d were used in a replicated
3 x 3 Latin Square design experiment with 3 wk periods. Treatments were a control TMR prepared using a horizontal mixer (C)
and two treatment rations containing wheat straw added using a horizontal mixer (horizontal straw; HS) or a vertical mixer that
gave a longer straw chop length (vertical straw; VS). The C TMR contained on a dry matter (DM) basis: 37% maize silage,
18% grass silage, and 45% concentrates. For treatments HS and VS straw was added to the C TMR at 4% of ration DM,
diluting other ingredients. Measurements were obtained in the last week of each period. Feeding (6 cows) and rumination
behaviour (3 cows) was monitored using computerized feed weight and jaw movement recording, respectively and rumen pH (3
cows) was monitored using indwelling probes. Data were analyzed using Mixed Models procedures and a model testing fixed
effects of square (when appropriate), diet, period and diet by period interaction and random effects of cow. Orthogonal
contrasts tested overall effects of straw and effect of mixer type.

Results Measurements of particle size distribution using a Penn State Separator found no difference between the C and HS
rations, but a greater percentage of long particles (P<0.01), and fewer medium (P<0.02) and small (P<0.02) particles for the VS
ration. Average particle size was 12.2, 11.7, and 14.2 mm for C, HS, and VS rations, respectively. Cows fed the VS ration had
lower DM intake (DMI), milk yield, and milk protein concentration and yield than for the C and HS rations (Table 1). Cows fed
straw spent more time eating, thus had a lower eating rate compared to C, and these effects were greater for VS than for the HS
ration (Table 1). In addition, cows fed straw consumed fewer meals of 4 to 8kg fresh weight, compared to the C ration (3.1 vs.
2.8 meals/d; P<0.001). There were no effects of ration on rumination activity or rumen pH, but time below pH 6.0 was
numerically lower for HS (5.28 h) compared to C (6.99 h) or VS (7.28 h).

Table 1 Effects of straw inclusion and method of inclusion on intake (DM) milk yield and composition.

Ration p<'

C HS VS SEM Ration Straw Mixer
Intake (kg) 24.1° 23.4° 22.5° 0.64 0.006 0.006 0.040
Milk yield (kg) 40.8" 40.3° 39.3° 1.71 0.017 0.027 0.043
Fat (g/kg) 36.0° 35.2° 36.5° 1.78 0.113 0.840 0.041
Protein (g/kg) 32.1° 31.7° 3L.1° 0.82 0.001 0.001 0.001
Fat (g/day) 1460 1427 1418 83.1 0.303 0.137 0.735
Protein (g/day) 1288° 1253° 1208° 46.8 0.006 0.006 0.050
Time eating, min/d 237° 261° 291° 14.9 0.001 0.001 0.001
Eating rate, g DM/min 0.096° 0.087° 0.078° 0.0066 0.001 0.001 0.011
Average rumen pH 6.15 6.18 6.14 0.087 0.778 0.827 0.550

! Probability of no effect of ration, addition of straw (C vs. HS and VS), or the mixer used (HS vs. VS).
¢ Values with different superscripts are statistically different (P<0.05)

Conclusions The results of the present study demonstrate that when rations prepared using identical ingredients, in the same
proportions, are processed to give differing chop length there are differences in the responses of feed intake and milk production
to added straw. Adding straw to a TMR at 4 % of ration DM reduced feed intake and milk yield when the straw was processed
to give a longer chop length (VS). These differences in production response to straw incorporation into a TMR can be attributed
in part to differences in particle size distribution and subsequent effects on total nutrient intake.

Acknowledgements The authors gratefully acknowledge funding from Richard Keenan and Co. Ltd

References

Beauchemin,K. A., L. Eriksen, P. Nergaard, and L. M. Rode. 2008. Short Communication: Salivary secretion during
meals in lactating dairy cattle. Journal of Dairy Science 91, 2077-2081.

Ferris, C. P., D.C. Patterson, F. J. Gordon and D. J. Kilpatrick. 2000. The effects of incorporating small quantities of straw
in grass/grass silage-based diets for dairy cows. Grass Forage Science 55, 146-158.

https://doi.org/10.1017/52040470010002384 Published online by Cambridge University Press


https://doi.org/10.1017/S2040470010002384

096

The effect of time of day when dairy heifers are introduced to a group containing mature cows

on welfare and performance

AR Boylel’z, C P Ferris>, D J Kilpatrickz, N E O'Connell

'Queens University, Belfast, United Kingdom, 2Agri-Food and Biosciences Institute, Belfast, United Kingdom
Email: alastair.boyle@afbini.gov.uk

Introduction The integration of dairy heifers into the main herd during the post calving period can have negative effects on
the heifer’s welfare and productivity (Gonzalez et al, 2003). This appears to be related to the fact that heifers attain low
social status when entering the milking herd and therefore are subjected to increased levels of bullying and aggression
(Wierenga, 1990; Knierim, 1999). The aim of this study was to assess if the time of day (i.e. after ‘“AM’ or ‘PM’ milking)
when freshly-calved heifers are introduced to a group containing mature cows influences the heifers’ welfare and
performance.

Materials and methods Twenty-eight Holstein Friesian (HF) heifers were used in this study, with heifers introduced into a
group containing mature cows between approximately 24-36 hours post calving. Animals were housed in cubicle pens with
solid floors. Two treatments were examined, with heifers introduced either 1) after morning milking (AM: between 06:00-
08:00 hours) or 2) after evening milking (PM: between 16:00-18:00 hours). Treatments were replicated five times, with
treatments balanced for genetic merit, body weight, condition score and sire. In each replicate, a resident group containing
12 HF cows and 6 non-experimental HF heifers was established at least 7 days prior to the introduction of the first
experimental heifer. In replicates 1 to 4, three non-experimental heifers were replaced by heifers in Treatment 1, and three
by heifers in Treatment 2. In replicate 5, two non-experimental animals were replaced by heifers in Treatment 1 and two
were replaced by heifers in treatment 2. In both treatments, experimental heifers were introduced approximately 30
minutes after the resident group returned from milking (Day 1). The social and exploratory behaviour of each heifer was
recorded directly over a 2-hour period immediately after introduction to the group on Day 1. These behaviours were
observed for each experimental heifer during 4 x 5 minute continuous observations at 30-min intervals during the 2 hour
post-feeding period on one day each week for 1 month post introduction. A sub-category of social behaviours; ‘social
cohesive’ was created for analysis and included the behaviours licking another animal/rubbing heads. The heifers’ lying
and standing behaviour was monitored by automated data loggers (Tinytag Plus, Re-Ed volt, Gemini dataloggers (UK)
Ltd., Chichester, UK). These were fitted for 24 hours on Day 1, and for a continuous 24 hour period each week during the
first 4 weeks post-introduction. Milk yield of heifers was recorded daily from day 5 to 35 post-calving. Mean behavioural
data for the heifers from each treatment within each replicate was analysed by ANOVA. Individual production data was
analysed by REML with PTA values used as covariates.

Results On Day 1, animals in the AM treatment received more threats (P<0.05) and butts (P<0.001) than those in the PM
treatment (Table 1). There was a tendency for heifers introduced at AM to be chased more than those introduced at PM
(P=0.05). Heifers introduced at PM were more socially cohesive than those in the AM treatment (P<0.05). No significant
treatment effect was found for total hours lying, with heifers in both treatments lying for an averaged 7.5 hours/day
(P>0.05). During Day 1 heifers in both treatments lay for less than 4 hours/day.

Table 1 Effect of timing of introduction on heifer behaviour during Day 1 and on performance during the first month post

calving
AM PM SED Significance
Behaviour (frequency/minute)
Receive threat 0.01 0.00 0.002 *
Receive shoulder 0.02 0.01 0.008 NS
Receive butt 0.16 0.05 0.013 ok
Receive chase 0.01 0.00 0.004 NS
Receive nosing 0.05 0.06 0.020 NS
Social cohesive 0.01 0.04 0.009 *
Performance (kg/day)
Milk yield 25.2 25.9 0.70 NS
Fat plus protein yield  2.02 2.06 0.107 NS

Conclusions Introducing heifers to the resident group after PM milking appeared to improve welfare in the immediate post
mixing period by reducing levels of aggression to which they were exposed. However, this did not promote increased lying
behaviour. There did not appear to be any long term effects of treatment on behaviour or performance.
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Introduction Traditionally in Great Britain, dairy cattle are housed in the winter, and allowed to graze at pasture during the
summer. However, some farmers have moved to a ‘continuous housing’ system in which the cows are housed throughout
the year, or are only put out to grass when in the late stages of lactation or not lactating. This is due to a number of issues
including the uptake of robotic milking, an increase in herd size, the need to provide a consistent feed ration to high-
yielding dairy cows and the need to control pollution (Van den Pol-van Dasselaar et al., 2002). However, there are a
number of public concerns over animal welfare with this management system. As well as concerns about the levels of
lameness, there is concern that continuous housing may restrict the performance of natural behaviour (FAWC, 1997). To
address this concern, farmers might provide cows with an open exercise or ‘loafing’ area. The aim of this experiment was
to assess the use of a concrete loafing area by dairy cattle, and to determine whether usage was enhance when ‘furniture’
such as tyres and brushes was provided.

Materials and methods Two groups of 40 lactating dairy cows were used. Cows were housed in a cubicle house, milked
twice daily and fed a standard total mixed ration at about 9:00h. Adjacent to the cubicle house was a loafing area which
consisted of an uncovered runway leading to 20 x 12m roofed, concreted area. Cows were given free access to the loafing
area between 9:00 and 14:40h. Each group was observed for six 5-day blocks (30 days in total). In blocks 1, 3 and 5 there
was no furniture in the loafing area, while in Blocks 2, 4 and 6, one item of furniture was provided. The items were a
grooming brush, a large tractor tyre standing upright and two smaller, suspended tyres, which were chosen to elicit play or
grooming behaviour, rather than providing food or other resources. The order of presentation was randomised over the two
groups. Instantaneous scan samples recording the location of all cows were made every 20 min during the period cows had
access to the loafing area. Weather conditions (sunny, overcast, raining) were recorded. The observations were divided into
three periods: pre-feeding, hour of feeding and post-feeding. Data on loafing area use were analysed using a GLMM with
weather, period of day and object as fixed effects, and group, block, day and scan as random effects.

Results There was a main effect of period of day and an interaction between period of day and object. Cows used the
loafing area more in the post-feeding period than at other times (P<0.001), with 29% of the cows in this area in the post-
feeding period, compared to 9% prior to feeding and 7% during the hour of feeding. The interaction indicated that more
cows used the loafing area in the post-feeding period when the brush was present (P<0.001; Figure 1). There was also a
significant main effect of the weather on the use of the loafing area, with fewer cows using the area when it was raining,
compared to when it was sunny or overcast (P<0.01).
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Figure 1 Mean proportion of cows in the loafing area according to object and period of day. The pre-feeding period is
shown by the black bars, hour of feeding by the striped bars and post-feeding by the grey bars. Error bars represent SEMs.

Conclusions Cows used the loafing area most when feeding was completed. The effect of the furniture was relatively
small, and was most evident for the grooming brush. The weather appeared to have a significant effect, with fewer cows
going out when it was raining. The results suggest that cows are motivated to use a loafing area in the right weather
conditions, and that the addition of furniture may improve the use of that area.
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Introduction Problems with rising and lying behaviour in cattle result in lesions to the hocks, knees and teats (Mortensen,
1978). Lying behaviour has been used to assess comfort levels of adult cattle (Hultgren, 2001) and has been shown to differ
between different bedding substrates (O’ Connell ez al., 1997). The aim of the present study was to assess the effect of
different bedding substrates on lying and rising behaviour of young dairy heifers. This was to determine if there were any
differences in apparent comfort, or in potential injurious behaviour, between the different substrates.

Materials and methods Twenty—eight Holstein Friesian dairy heifers aged between 10 and 12 months were housed in four
groups of 7 animals. The current study was part of a larger trial where each group of heifers was subjected to a preference
test to determine their relative preference for different bedding substrates in the cubicles. The substrates that were tested
included sawdust, shredded paper, chopped straw and a felt covering (mat). Sawdust and straw were provided to a depth of
at least 3 cm and paper to a depth of at least 6 cm. Substrates were replenished as necessary and were placed on top of a felt
covering. Each group had access to 14 cubicles and pairs of substrates were compared over a 3 week period in a random
order in each group until all combinations had been tested. Prior to the start of each preference test, heifers had a ‘forced
choice’” with each of the two substrates over a 2 day period whereby they only had access to the 7 cubicles containing this
substrate. Animals were offered silage ad libitum supplemented with concentrates each day during the experimental period.
The data for this study was collected from the second forced choice for each substrate for each group. Animals were video
recorded (in 72 hour timelapse) during day 1 of the forced contact period and behavioural recordings were made during the
following time periods: 07.00-09.00, 12.45-14.45 and 18.00-20.00 hours. In each observation the number of times a heifer
rose from a lying position or lay down was recorded, and the time taken to complete these behaviours was also recorded. A
binary score was assigned to each rising behaviour (0=Free, fluid movement or short pause on knees, or 1= Long pause on
knees, awkward movement of head and neck or abnormal rising sequence). A short pause was determined when the phase
where the chest lifted from floor using front knees was less than or equal to 5 seconds. A long pause was when this phase
was greater than or equal to 6 seconds (Chaplin, 2000). The proportion of rising incidences that were assigned a binary
score of 1 was calculated and used in analysis. Treatment effects were assessed by Analysis of Variance using Genstat
Version 12.

Results Treatment effects on different lying and rising parameters are presented in Table 1. Treatment had no significant
effect on the average number of lying or rising incidences per observation, or on the time taken to lie down or rise from a
lying position. Finally, there were no significant treatment effects on the proportion of rising incidences that were given a
score of 1 (P>0.05).

Table 1 Effect of bedding substrate in cubicles on lying and rising parameters

Treatment SEM P
Straw Felt mat Sawdust Paper
No. lying incidences (per observation period) 9.04 6.00 7.58 5.54 1.207 NS
No. rising incidences (per observation period) 10.96 7.08 10.00 8.25 1.200 NS
Average duration lying (sec) 12.74 11.80 13.47 12.63 1.055 NS
Average duration rising (sec) 6.22 6.22 6.34 7.04 0.342 NS
Proportion of heifers with “1” rising score 0.086 0.129 0.089 0.079 0.0271 NS

Conclusions The fact that there were no significant treatment effects on parameters measured suggests two things. Either
(1) the behavioural parameters chosen are not a good indictor of comfort in dairy heifers, or (2) these bedding substrates
were equally comfortable for heifers. It is possible that differences in apparent comfort of bedding substrates become more
obvious as animals get older and heavier.
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Introduction In 2008, the EU made a commitment to achieve at least a 20% reduction in greenhouse gas (GHG) emissions
by 2020 compared to 1990 levels (European Commission 2008). In order to achieve this target, each member state (MS)
has been set an emissions reduction target for their non-Emissions Trading Sector (ETS). These emissions reduction targets
vary by MS, Ireland, Denmark and Luxembourg are faced with a reduction of 20 percent in their non-ETS emissions by
2020, the largest of any MS. Agriculture currently accounts for approximately 40% of Ireland’s non-ETS emissions and so
the 20% reduction target may have ramifications for Irish agriculture. In order to fully understand the implications of an
emissions reduction target for Irish agriculture, it is necessary to first quantify the marginal cost of emissions abatement in
Irish agriculture. This paper uses data from the Irish National Farm Survey (NFS) to estimate a marginal abatement cost
curve (MACC) for GHG emissions from Irish agriculture.

Materials and methods An individual farm-level linear programming (LP) model has been constructed using 2006 NFS
data (Connolly et al. 2007) and replicated for all of the 1,160 farms in the 2006 NFS dataset. The model consists of a
number of traditional farm activities, as well as two forestry activities, two biomass crop activities and a number of
alternative abatement technology activities. The returns to each activity are calculated based on each individual farm’s
price and cost information from the 2006 NFS. The price of outputs sold and inputs purchased are inflated using output and
input price projections from the FAPRI-Ireland aggregate level model (Binfield ez al. 2008). The total GHG emissions for
each farm within the model are calculated using activity data from the model and Tier 1 and Tier 2 GHG emissions factors,
the approach taken is designed to be consistent with the approach used in the Irish National Inventory Report (EPA 2008).
By applying farm-weights from the NFS, each individual farm within the farm-level model is weighted up to the sectoral
level. The objective function of this LP model is to maximize the overall discounted gross margin for the agricultural
sector. The MACC is estimated by introducing an emissions tax into the model, which is then increased incrementally. This
allows for the calculation of the volume of emissions abated at each increment of the emissions tax.

Results Figure 1 compares the MACC for two specialist dairy farms, Dairy >80% is a dairy farm where more than 80% of
the livestock units (LU) are dairy cows, while Dairy <40% is a dairy farm where less than 40% of the LU are dairy cows.
The slope of the Dairy >80% curve is initially steeper due to the higher proportion of dairy cows in the herd which have a
higher marginal cost of emissions abatement. Figure 2 below presents the aggregated MACC for Irish agriculture. The
curve is initially relatively flat, largely due to the abatement of emissions from the drystock sector where the marginal cost
of abating emissions is lower due to the relatively low gross margin earned by these emissions. The slope of the curve
steepens due to a greater proportion of emissions from dairy and cereal production being abated. These activities have a
higher gross margin and therefore a higher marginal cost of abatement.
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Conclusions The results presented in Figure 1 illustrate the variability that can exist in the marginal cost of emissions
abatement both within farms and between farms due to issues related to farm type, production system etc. This variability
in the marginal cost of emissions abatement is vital to understanding how alternative emissions reduction targets will
impact on Irish agriculture.
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Introduction There is increasing interest in biomass crops as an alternative farm enterprise however given the relatively
low uptake of these crops in Ireland, there is limited information concerning the risk associated with their production and
its impact on returns. The uncertainty surrounding risky variables such as the costs of production, yield level, price per
tonne and opportunity cost make it difficult to accurately calculate the returns to biomass crops. The lengthy production
lifespan of these crops may only serve to heighten the level of risk that affects key variables. This analysis aims to measure
the degree of risk in the returns from biomass crops, and compare that to the risk faced by conventional agricultural
enterprises.

Materials and methods In this analysis a stochastic budgeting model, is used to calculate the returns from willow and
miscanthus. Stochastic budgeting is an improvement on the traditional deterministic approach as it involves attaching
probabilities of occurrence to the possible values of the key variables in a budget, thereby generating the probability
distribution of possible budget outcomes. The selected variables to be added stochastically should comprise those that will
have the largest effect on the level of risk of the outcome. The stochastic variables included in the model are costs, yields
and prices, which Clancy et al. (2009) have shown a large effect on the returns from biomass crops. The hierarchy of
variables approach was used to calculate the stochastic costs and prices of willow and miscanthus, while the stochastic
yields are derived from an empirical distribution of the historical data. The Cumulative Distribution Function (CDF) of the
stochastic gross margins (GM) from the biomass crops is used to elicit ten discrete states of potential returns, with each
having an equal probability of occurrence. The opportunity cost of land is accounted for through the inclusion of foregone
returns from a conventional agricultural activity, such as spring barley, winter wheat or store to finished beef. The
estimation of parameters of the probability distribution of these stochastic enterprises GM was empirically based, with
National Farm Survey (NFS) data from 1997 — 2006 used to calculate their financial performance. The biomass discrete
states and the historical conventional gross margins are used as parameters in a Multivariate Empirical (MVE) distribution
to simulate the financial performance of all enterprises over a 16 year planning horizon. The results of this simulation are
then compared using their respective CDF and the enterprises are ranked using Stochastic Efficiency with Respect to a
Function (SERF).

Results SERF uses risk premiums to determine the confidence of decision makers in a particular preferred risky alternative.
The risk premium reflects the minimum sure amount that would have to be paid to a decision maker to justify a switch from
the dominant alternative to a less preferred option. Figure 1 shows that while farmers would need a substantial risk
premium to be persuaded to switch from any conventional enterprise to willow, miscanthus is relatively competitive with
all but Winter Wheat. This suggests that a greater level of risk is associated with willow than conventional enterprises, and
that miscanthus may be a viable alternative to some of these systems.

Figure 1 Risk Premiums for each enterprise relative to willow
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Conclusions Uncertainty regarding the returns from biomass has manifested itself in a reluctance of farmers to enter
production, and this may be a key factor in the low planting rates to date. This analysis found that accounting for risk
underlined the results of the baseline economics from Clancy et al. (2009), who found that under given assumptions and
costings, miscanthus has a greater level of return than willow. The results from this analysis tell a similar tale with
miscanthus having a lower risk premium than willow. The value of the risk premium required to entice farmers to switch to
miscanthus production is significantly less than that required for willow, suggesting a greater level of risk is associated with
willow than with miscanthus.
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Introduction Nowadays the marketing of both livestock and meat is a complex process. The reflection of consumer
preference for meat back through the marketing system to the original producer is highly dependent upon a national
marketing strategy. The marketing concept holds that the key to achieving organizational goals consists in determining the
needs and wants of target markets and delivering the desired satisfactions (Cross and Savell, 1994). In this study we tried to
investigate the possible distribution paths of beef marketing, also comparing consumer preferences with producers and
distributors. The possible correlations among various variables were also tested.

Materials and methods In order to have an adequate sample size, the region of capital of Iran, Tehran was selected as
target population in the year 2008. Random sampling was applied for field study and information was collected using
designed questionnaires. Of five statistical populations, 60 producers, 17 industrial slaughterhouses, 104 wholesalers, 700
retailers and finally 100 consumers, were sampled. The samples were finally divided into two study groups where
consumers in one group were separated from producers, processors and sellers as another group and these two groups were
compared and evaluated for 21 different variables such as effect of processing units, management of official distribution,
refrigerating system, sanitation, slaughter quality, local sale centres, chain stores, governmental support, proper packing,
delivery costs, imported frozen beef, content of fat, etc. Two statistical methods, Chi-Square test for testing the significance
of differences between two groups and T-test for testing the magnitude of correlation coefficients among different outputs
were applied. The four known distribution paths are shown in Figure 1.

path descrption percent
1 | producer — slaughterhouse —p wholesaler (associations) rﬂ:ai-]tr_.., COMSUM Er 135
2 | producer — slaughterhouse —p wholesaler (processing units) —y retailer — consumer 14
3 | producer __, dealer _ ,  slaughterhouse . retailer  , consumer 115
4 | producer —p dealer 5 slaughterhouse __, wholesaler — retailer —p consumer 136

Figure 1 Four distribution paths in beef marketing

Results In 51% of known distribution paths, dealers played the main role while processing units had 14% participation in
distribution. The remaining 35% was under control of beef associations. Price difference of beef between two paths, one
including dealers and another without dealers is 7.6% of final sale price for producer and 53.33% of total marketing costs.
In paths 3 and 4, the difference in final price is imposed to consumer while in paths 1 and 2, this difference shows the
changes of price among final distributors in four possible paths. Statistical analysis showed significant differences between
two groups for some variables like governmental support, management of official distribution, refrigerating system,
sanitation, content of fat, proper packing and imported frozen beef. Also 29% of consumers and 34% of producers agreed
with local sale centers while 71% of consumers and 66% of producers agreed with distribution via processing units. In
general 68.5% of samples agreed with distribution via processing units and it was believed to be the appropriate system of
beef distribution.

Conclusions According to final results, some solutions may correct the current systems and increase the efficiency of
marketing. Some local sale centers can be established which have sale representatives in local small marketplaces.
Distribution must be exclusive to these centers. In the lack of processing units these local centers may improve the
distribution. In the presence of processing units, some points like packing the beef in proper packages or producing low fat
beef must be concerned. Also it is recommended to have diversity in packing and sizes according to consumers demand.
The small local markets must be exclusive representatives of processing units, The quality of livestock production and
slaughter must be under intensive supervision.
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Introduction Feed cost is the greatest variable cost incurred by livestock farms and thus, management of feed cost can
impact greatly on the profitability of such farms. Grass, both as a grazed feed or conserved as silage or hay, is the primary
feed source on Irish livestock farms. Although these grazed and conserved grass feeds are produced within an integrated
grassland management system they are typically costed separately for the purposes of feed cost evaluation (Finneran et al.,
2009; Keady et al., 2002). The objective of this study is to model the cost of total annual herbage production from a
perennial ryegrass sward which is both grazed (GG) and conserved for grass silage (GS) within an integrated grassland
production system.

Materials and methods A static agro-economic simulation model; the Grange Feed Costing Model (GFCM; Finneran et
al., 2009) was used to model total annual herbage output and total annual feed cost (TFC) of a sward both grazed and
harvested for a single grass silage crop under 20 individual management scenarios. The baseline scenario was a perennial
ryegrass sward receiving 200 kg N ha” and yielding 12.2 t dry matter (DM) ha™' annually under a rotationally grazed
system. Data from six years grass growth plot studies at Teagasc, Grange Beef Research Centre was used to predict weekly
GG output. Grazed grass DM yield was reduced appropriately to account for the periods closed for GS production,
including the first and second week post harvest. GS production data from Grange (O’Kiely, 2001) was used to predict GS
DM yield and dry matter digestibility (DMD). In order to calculate utilised dry matter (UDM) production, a mean
utilisation rate of 750 g kg DM™ was applied for GG across the grazing season, whilst a harvesting and conservation
efficiency value of 854 g kg DM was applied for GS. Both GG and GS were fertilised and managed as specified by
Finneran et al., (2009). Four spring treatments were evaluated; not spring grazed (NSG) and grazing until 15™ March, 31
March and 15" April before closing for grass silage production. Five GS harvest dates at weekly intervals between 29"
May and 26™ June were modelled. DM yields and DMD at harvest for each of the spring grazed silage crops were
calculated using co-efficient for the impact of spring grazing on yield and digestibility derived from O'Riordan et al.,
(1998) and Humphreys and O'Kiely (2006). Net energy (UFL) was calculated from the DMD value at feed-out.

Results
Total UDM yield as simulated by the GFCM was greatest for those scenarios where GS comprised the greatest proportion
of total DM. UDM yield ranged from 9.2 t ha™ (closed 15" April, harvest 29" May) to 11.9 t ha” (closed 15™ March,
harvest 26" June). Total UFL output was greatest with a 15" March closing; 12" June harvest. Mean UFL content in the
annual UDM ranged from 0.770 kg UDM™ (closed 15™ March, harvest 26™ June) to 0.914 (closed 15™ April, harvest 29"
May). TFC declined with later GS €190
harvest date for all closing date — —— —NSG(UDM)
options on a UDM basis, reflecting €180 — —&— —NSG (UFL)

the increase in total DM output €170 4 ——— 15th Mar (UDM)
with increased silage yields (Figure A— 15th Mar (UFL)
1). However TFC increases with

later harvest on a UFL basis due to €150 J1stMar (UDM)

€160 -

the lower mean UFL content of —&— 3lst Mar (UFL)
total herbage when a high yield; €140 1 ---@--- 15th Apr (UDM)
low DMD GS comprises the €130 ‘ | | — ---A-- 15th Apr (UFL)
majority of the total herbage 29-May 05-Jun 12-Jun 19-Jun 26-Jun

production. Spring grazing Harvest Date

generally decreased TFC on a UFL | 4 ' 1
basis. However TFC was increased Figure 1 TFC of total annual herbage produced: € t UDM™ and €'000 UFL

by spring grazing followed by closing on 31* March because the yield of high UFL spring grass grazed was insufficient to
offset the subsequent depression in silage yields and hence total annual UFL output.

Conclusions The GFCM analysis indicates that maximisation of mean UFL content in total annual herbage production can
result in the lowest TFC for a grazed and harvested perennial ryegrass sward. This is best achieved through efficient
grazing of high UFL spring grass and achieving moderate yielding, high UFL silage harvests. TFC can also be reduced on a
UDM basis through later GS harvests and higher silage yields with a lower mean UFL content, which may be appropriate
depending on the livestock system.

References

Finneran, E., Crosson, P., Wallace, M., O’Kiely, P., Shalloo, L. and Forristal, D. 2009. Proceedings Agricultural Research
Forum, 66.

Humphreys J. and O'Kiely P. 2006. Grass & Forage Science 61, 77-88.

Keady, T.W.J., Kilpatrick, C.M., Cushnahan, A. and Murphy J.A. 2002. Proc. XIII" International Silage Conference,
Auchincruive, Scotland, 322-323.

O'Kiely P. 2001. Proceedings Agricultural Research Forum, 51.

O'Riordan E. G., O'Kiely P. and Keane M. G. 1998. Teagasc Beef Production Series 6, 15-18.

https://doi.org/10.1017/52040470010002451 Published online by Cambridge University Press


https://doi.org/10.1017/S2040470010002451

103

Nutrient management efficiency in Ireland — A data envelopment analysis of specialist dairy and

tillage farms

C Buckley

Rural Economy Research Centre, Teagasc, Mellows Campus, Athenry, County Galway, Ireland
Email: cathal buckley@teagasc.ie

Introduction Within the constraints of the EU Nitrates and Water Framework Directives, controlling and managing
nutrient transfers to water from excessive fertiliser use on agricultural land is a significant environmental policy challenge.
This paper assesses whether there is room to reduce nitrogen and phosphorus fertiliser application by exploring the extent
of their over application using data envelopment analysis methodology.

Materials and methods Data envelopment analysis (DEA) is a deterministic approach to efficiency measurement. It
measures the relative efficiency of a decision making unit (DMU) by comparing relative inputs to outputs. DEA establishes
the most efficient DMU’s and compares all others to the most efficient. The method uses linear programming to place a
non-parametric frontier over the data. This frontier consists of the most efficient DMUs and all other DMUs are measured
by their relative distance to this frontier as a measure of their level of efficiency. Analysis was undertaken using the
software package DEAP (Coelli et al., 1998).

The main data source employed in this analysis is the Teagasc National Farm Survey (NFS) 2008. The NFS is collected
annually as part of the Farm Accountancy Data Network requirements of the European Union. A farm accounts book is
recorded on a random representative sample of farms throughout the Republic of Ireland. The sample is weighted to be
representative of farming nationally across Ireland. In the 2008 NFS survey 1,102 farmers were surveyed representing
104,800 farmers nationally (Connolly ef al., 2009).

This paper concentrates on specialist dairy and tillage farms. These agricultural systems are the most intensive and may
pose the greatest risk in terms of managing nutrient transfer from agricultural land to water courses. The analysis was
undertaken and stratified by land use potential of soils (Gardiner and Radford, 1980). Output for specialist dairy farms was
measured in litres of milk per hectare and the inputs examined were nitrogen (N) and phosphate (P) fertiliser usage kg ha™
as well as feedstuffs, labour and other variable costs. Output for specialist tillage farms was measured in the form of gross
output in € ha” and the inputs examined were again nitrogen and phosphate fertiliser usage kg ha™, labour and other
variable costs.

Results Analysis indicates that specialist dairy farmers on good soils tended on average to overuse fertiliser to the greatest
extent at 51.2kg N ha" and 4.1kg P ha™'. Average cost saving on fertilisers of €74.25 ha™' could be achieved by operating at
the benchmark standard as set by other cohort farmers in the sub-sample. This figure declined to between €33.09 ha™ and
€16.83 ha™ for those on average and poor soils, respectively, as shown in Table 1. Over application of N was 21.4kg ha™!
and 9.6kg ha and average excess P was 2.3kg ha" and 1.6kg ha" for specialist dairy farms of average and poor soils,
respectively.  Results for specialist tillage farms on good soils indicate over application compared to the benchmark of
20.7kg N ha™' and 3.5kg P ha™'. This declined to 16.3kg N ha™ and 4.5kg P ha™ for average soils. Potential cost savings for
specialist tillage farms compared to the benchmark was approximately €34 ha™ to 36 ha™ as illustrated by Table 1.

Table 1 DEA analysis of over application of N and P on specialist dairy and tillage farms.

Farm System N N (Kgha™) P (Kgha') Potential cost saving™
Over application Over application (€ ha)
Specialist Dairy - Good Soils 146 51.2 4.1 74.25
Specialist Dairy - Average Soils 91 21.4 23 33.09
Specialist Dairy - Poor Soils 17 9.6 1.6 16.83
Specialist Tillage - Good Soils 88 20.7 3.5 36.47
Specialist Tillage - Average Soils 14 16.3 4.5 34.82

* Average prices from the CSO (CSO, 2009)

Conclusions Results demonstrate considerable inefficiency in the utilisation of N and P fertilisers across specialist dairy
and tillage farms. Consequently, there is potentially an opportunity for inefficient producers to reduce costs on N and P
fertilisers without affecting output by adopting similar practices to those of the most efficient benchmark farms. Potential
cost savings on average ranged from €17 ha™' to €74 ha™'. Such reductions have the potential to deliver a win-win situation
by reducing the risk of nutrient leaching and diffuse pollution from agricultural land while improving economic margins.
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Introduction Previous research has shown that controlled fermented lucerne products have higher DE values, and other
potential benefits, relative to dry lucerne chaff. Racing diets and high energy compound competition feeds for horses are
typically formulated with higher levels of grain, which are associated with many problems in horses, including gastric
ulceration, poor digestion, acidosis and gastric discomfort. Lucerne is associated with reducing the incidence of ulcers
(Andrews et al., 2005; Nadeau, 2006), and feeding controlled fermented lucerne can increase intake time, improving the
throughput of forage over a longer period of time. Lucerne contains a larger proportion of soluble carbohydrates
(Fonnesbeck, 1968), making it more digestible than grass-based versions. Horses have been shown to retain lucerne in their
gut for longer than oat straw, increasing overall diet (especially grain) digestibility (Cuddeford et al. 1995). Combining
these factors, feeding lucerne ensures a more consistent supply of forage through the gut and, when fed alongside grain-
based feed, improves the overall diet digestibility, as it maintains gut fill and optimises fermentation in the hind gut as well
as diluting the potential negative impacts of starch overload and microflora imbalances. The following trial examined if
feeding controlled fermented (CF) Lucerne in replacement for hay resulted in improvements in energy digestion when fed
alongside either high grain racing diets or competition feeds for horses, on overall energy digestibility.

Materials and methods Ten thoroughbred-type non-racing horses were used to determine the effect of substituting CF
lucerne (Fiber Pro, Fiber Fresh Feeds Ltd, Reporoa, New Zealand) for meadow hay chaff, in different proportions,
alongside either a high grain racing diet (50% barley, 50% oats plus vitamin and mineral premix, with 33% DE from
forage) or a commercial competition diet (Dunstans Sport Horse mix plus vitamin and mineral premix with 50% DE from
forage). Diets were formulated, to deliver the same amount of energy per day, based on a 500 kg horse not in work (NRC,
2007). Each horse received each of the forage-diet combinations for a seven day period during the trial in a latin square
design, where CF lucerne increasingly replaced dry hay chaff. At the end of each seven day period, a faeccal collection was
made to determine energy digestibility. The results were used to identify any relationships between the amount of CF
lucerne in the forage component of the diet and the overall energy of the whole diet. Any feed refused was weighed and
recorded on a daily basis. Samples of both feed and faeces were analysed for dry matter and gross energy (by bomb
calorimetry). Data was analysed by the GLM procedure of Unistat 5.5 (Unistat UK Ltd.).

Results For the high grain racing diet, the total DE of the entire diet increased linearly in relation to the amount of CF
lucerne in the diet (R?= 0.9166 — see fig below). Retained energy (MJ/d) increased by 26% from 69.3 MJ/d (100% hay) to
87.8 MJ/d (100% CF lucerne). Digestible energy supplied by the whole diet increased by 8% from 12.9 MJ/kg (100% hay)
to 14.1 MJ/d (100% CF lucerne).

For the competition feed treatments, a polynomial (order 2) relationship was found for increasing levels of CF lucerne in
both total diet DE (R*=0.50) and for the digestibility of the competition feed alone (as calculated by subtracting the DE
contribution of the forage from the DE of the whole diet; R*=0.52). This data suggested that the optimum inclusion of CF
lucerne in the diet is when it replaces 45% of the hay by weight, as this gave the highest numeric levels of retained energy,
DE and the daily DE contribution of the grain only, when the forage contribution was excluded.
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Conclusions CF lucerne had a positive impact on the digestible energy of high grain, racing-type diets. This forage could
be used to increase the supply of energy to racing horses, and improving overall digestibility may help increase the
efficiency of feed utilisation in the horse. For the competition diets such relationships were not as evident, possibly due to
the less extreme nature of the feeding regime, with higher forage and lower grain inclusion in the daily ration. Hence the
optimal inclusion level for substituting CF lucerne for dry hay chaff was 45%. Both trials gave evidence to different
degrees that, as per other reported research, feeding lucerne forages improved the digestibility of high grain diets compared
to dry hay chaff.
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Introduction Milk production and composition, including fatty acid composition, may change in response to the effects of
lactation stage, age, parity and nutrition (Doreau et al. 1992; Csap6 et al. 1995). Fatty acid content, chain length and
saturation in mares’ milk is thought to be influenced directly by dietary content as little or no hydrogenation of unsaturated
fatty acids is believed to occur prior to absorption in hind gut fermenting animals (Hoffman ez al., 1998). The aim of the
study was to compare the different fatty acid concentrations in mares’ milk prior to and post inclusion of a fatty acid
mixture and to evaluate how long it takes for the fatty acid profile of the milk to change.

Materials and methods 16 adult lactating thoroughbred mares maintained at pasture and at least 4 weeks post-foaling
were included in the study. Prior to entering the study, all mares underwent a complete physical, haematological and
biochemical evaluation as well as faecal analysis for parasites to assess their general health, with any animal showing
physical and laboratory evidence of disease excluded from the study. All mares were then weighed and treated with the
encapsulated fatty acid mixture (40g/day orally) for a total of 2 weeks. Approximately 30 mls of milk was collected from
each mare prior to treatment and then after 1and 2 weeks on treatment. Milk samples were stored at -20°C until transported
to the laboratory to be analysed. Milk fatty acids were prepared using methyl ester according to the method outlined in
Amer et al. (1995) and the results were expressed as grams lipid/100 ml milk and % of total fatty acids. Data was analysed
using a one-way repeated measures ANOVA. Milk data was analysed taking into account the stage of lactation and the
period at pasture for each individual mare as these factors can influence the fatty acid content of the milk.

Results 16 mares were included in the study with the average post-foaling days for the mares prior to entering the study
50.6 = 6.9 SEM (range 16-114). The level of fatty acids present in the milk varied widely, with higher levels of long chain
fatty acids being observed in comparison to short/medium chain fatty acids in all milk samples analysed. The encapsulated
fatty acid mixture treatment resulted in increased levels of saturation, especially within the medium chain fatty acids (Table
1). The levels of unsaturated fatty acids observed remained consistent or decreased during the treatment period (Table 2).
The observed increases in the medium chain saturated fatty acid content resulted in a subsequent decrease in long chain
unsaturated content expressed as % of total fatty acids with the exception of C18:3. The numerical increase in C18:3 may
be a result of the mares being at pasture resulting in an increased source of unsaturated long chain fatty acids.

Table 1 Effect of treatment and time on saturated fatty acid content of mares milk (% of total fatty acids)

Total Fat (g/100ml milk) C4 C8 C10 Cl2 Cl4 Cl6
Prior 2.5 0.05 2.6 5.7 6.1 59 19.6
Week 1 2.1 0.08 2.9 6.6 7.7 7.3 20.1
Week2 1.9 0.06 2.7 5.7 6.4 6.3 19.7
P NS NS 0.08 <0.01 0.02 NS

Table 2 Effect of treatment and time on unsaturated fatty acid content of mares milk (% of total fatty acids)
Total Fat (g/100ml milk) C15:1 Cl6:1  Cl17:1  CI8:1 CI8:3 C20:1 C20:2

Prior 2.5 0.15 0.40 0.55 19.7 18.2 0.37 0.30
Week 1 2.1 0.14 0.27 0.56 16.9 18.6 0.36 0.22
Week2 1.9 0.17 0.37 0.55 18.5 20.8 0.35 0.25
P 0.05 <0.05 NS <0.05 NS NS 0.06

Conclusions From the results obtained in this study it could be concluded that encapsulated fatty acids within the diet have
the potential to enrich the mares’ milk, even after only 1 week of supplementation. Reductions were observed in some of
the fatty acids due to the modifications achieved. Fatty acids, especially short chain fatty acids, have been shown to be the
preferred energy substrate for microbiota and may have a role in preventing certain types of colitis (Scheppach, 1994).
Since intestinal microbiota are essential for the development of a healthy and stable intestinal tract/immune system in
immature animals, modification of the fatty acid components of the mares milk may have the potential to impact foal
health.
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Introduction Equine lameness and back pathologies are significant welfare issues and may be linked to saddle-fit during
ridden exercise. Previously 74.3 % of animals presenting orthopaedic back pathology were shown to be concurrently lame
and conversely, 41.1 % of horses diagnosed with primary lameness exhibited back pathology (Landman et al., 2004).
Meschan et al., (2007) defined optimum saddle fit as those that transmitted lowest overall force and distributed force
without generating pressure peaks. Incorrectly fitting saddles exert pressure peaks, for example overlying the longissiums
dorsi in the caudal third of the contact. Numnahs are soft, cushion structures placed beneath the saddle to help dissipate the
pressure of the saddle and rider over the horse’s back, away from the spinal area. They have been demonstrated to increase
overall back pressure in a qualitative preliminary study (Harman, 1994). The present study determines quantitatively the
effect upon pressure distribution between different numnahs using a pressure sensor mat.

Materials and methods Four geldings (horses 1 to 2; 15 years, range 13 to 20 y) of different breeds and height (154 cm,
range 151.2 to 161.2 cm) with no recent history of back pain were used. Horses were maintained on a daily ridden exercise
programme, a regular shoeing regimen and had an annual teeth check by a veterinary surgeon. The experiment was
performed on a single day. One experienced rider (weighing 69 kg) rode all horses. Back pressure data were recorded from
each horse walking a figure of eight pattern twice on a uniformly concrete floor. The numnahs used were a standard saddle
cloth, poly pad, sheepskin, half sheepskin, gel pad or ridden bareback. A randomised 4 x 6 design was used so that each
horse was measured wearing each numnah. A general purpose saddle was placed on top of the numnah. A pressure mat
(PX100 model, Xsensor Technology Corporation Calgary, Canada) was placed beneath the numnah and saddle. The
pressure mat consisted of 2400 individual piezo-electric sensors in a 60 x 40 grid pattern. Each sensor generated an
individual reading every 1/8 second. The pressure mat was connected to a hand-held data logging computer. The mean,
minimum and maximum pressures were calculated for each sensor on the pressure mat. Sensors which did not contact the
saddle or numnah and thus received no pressure measurement were excluded from the data set giving a final grid of 52 x 36
sensors for all calculations. ANOVA was used to compare pressure between horses and within horse between numnah, for
each sensor. Resulting P-values generated for each sensor in the grid were designated a colour to identify areas which were
significantly different at either P<0.05, P<0.01 or P<0.001. These analyses were performed for mean, maximum and
minimum pressure data.

Results All horses when ridden bareback showed areas of peak mean pressure upon the back occurred away from the spine
but pressure of 20,000 - 40,000 mmHg were concurrently applied directly to the spine (Figure 1). When ridden in a saddle
and numnah the areas of peak mean pressure lay away from the spine (30,000 to 40,000 mmHg) and pressure exerted
directly on the spinal area was low (0 to 10,000 mmHg; the lowest pressure category; Figure 2). These observations were
also true when considering maximum and minimum pressure values. Horse-dependent variation was apparent; a number of
sensors were significantly different between horses, even when lowering the significance value to P<0.001 (Figure 3).
Fewer sensors showed a significant difference in a numnah-dependent manner (Figure 4); however, almost all areas which
showed significantly different values of P < 0.001 were adjacent to the spine.
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Figure 1 Mean pressure Figure 2 Mean pressure Figure 3 Areas of Figure 4 Areas of
distribution exerted upon the distribution exerted upon  significantly different mean significantly different
back when ridden bareback, the back when ridden ina  pressure between 4 ridden =~ mean pressure between 5
using horse 1 as an example standard saddle cloth, horses (= P<0.05, numnahs (= P<0.05,
using horse 1 as an = P<0.01,mP<0.001) = P<0.01,mP<0.001)

example
Conclusions The present study quantitatively demonstrated that the saddle and numnah dissipated pressure away from the
spine compared to bareback riding. Some areas of the back exhibited pressure variation between numnahs but the effect of
horse resulted in more areas of variation illustrating the importance of fitting saddlery specifically to an individual animal,
rather than relying on a ‘one type fits all’ application of numnahs and/or saddles. The quantitative use of pressure sensor
mats enables accurate assessment of the equine back; software to improve statistical analysis would further aid
interpretation and pave the way for further studies. The interpretation of between-horse back pressure variation requires
further research
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Introduction Several authors have reported obesity as one of the most common malnutrition disorders in cats (Anderson
1973, Crane 1991, Markwell et al., 1994, Russell et al., 2000). Successful prevention and treatment of the problem requires
understanding and participation of cat owners. The majority of previous studies have investigated risk factors for obesity,
but paid little attention to the feeding practices and attitudes of cat owners towards obesity. In addition to understanding the
consequences of obesity, and the dietary and physiological risk factors, it is equally important to understand the opinions,
attitudes and behaviour of cat owners. Therefore, the aim of this study was to investigate feeding practices, cat owners’
attitude towards obesity in cats and their influence on the body condition of cats.

Materials and methods In this study, 139 cat owners, who were clients at a veterinary practice in Chelmsford (Essex,
UK), with a total 201 cats, were interviewed by a questionnaire. The questionnaire comprised of three sections. The first
section gathered data about the gender of cats, age, breed, body weight (actual or estimated), health status, places cats spent
most of their time, whether or not they hunted, whether or not cats were fed elsewhere, level of physical activity of the cats,
their living environment and existence of other animals in the household. Section two had questions pertaining to feed and
feeding regimen. For instance, types and brands of cat food provided, reasons for the choice of food, frequency of feeding,
methods of dish-out, amount of foods offered, adherence of owners to feeding instructions on the labels, frequency of
feeding treats and milk, types and amount of milk offered, and whether or not the amount of food is adjusted. The third
section gathered information about the cat owners. The information gathered included; frequency of playing with cats,
experience of cat ownership, frequency of visiting veterinary practices, and amount of money spent on the cat food per
week, owner’s perception of body condition of their cat, owner’s attitude to and knowledge of obesity. In addition, data on
the owner’s age, gender, height, weight, and the number of people in the household was also gathered. The body condition
of the cats were categorised on a five-point scale (5 = obese and 1= very thin) (Thatcher et al., 2000) by the cat owners and
the veterinarian, independently. The data collected were analysed using the chi-square test to determine whether any
associations existed between each factor and the body condition scores of cats. Spearman’s rank correlation test was
applied to assess the strength of relationship between variables, e.g. between the amount of money spent on cat food and
the body condition score of the cat etc.

Results Of the 198 cats that were condition scored by their owners; 20%, 14%, 37%, 23% and 5% were classified as thin,
underweight, optimal, overweight and obese, respectively. In comparison, body condition scores assessed by veterinarians
revealed that cat owners underestimated condition scores in 34% of the cat owners surveyed. All cats in this study were fed
commercial cat food by their owners. The majority were fed both dry and moist cat foods, either twice a day or on demand.
The majority of cat owners did not follow cat food manufacturers’ feeding instructions on the label and believed that cats
can regulate their food intake. The factors which were found to have significant association with body condition score were
the cats’ age (p<0.05), whether or not the cats hunted (p<0.05), whether or not the cats were fed elsewhere (p<0.01), the
level of physical of activity of the cats (p<0.05) and the age of cat owners (p<0.01). Most cat owners had a negative attitude
towards their animals’ obesity, stating that obesity had a negative impact on health of cats. However, some owners (10 of
140 respondents) thought that problem of excessive weight would not happen to their cats. Owners of overweight cats were
more likely to feel that it was not easy to manage weight loss treatment in their cats than owners of under and optimal
weight cats (p<0.01). Cats with owners younger than 60 years were more likely to be of optimal weight than those owned
by the over 60 age-group (p<0.01). In general, cat owners younger than 30 years of age tended to adhere to manufacturers
feeding instructions more than owners in older age groups (p<0.01). No statistically significant association was observed
between the age of cat owner and the amount of money spent on cat food. Male (32 out 38) owners were more likely to
give their cats treats than female (82 out of 157) owners (p<0.01).

Conclusion This study confirmed that there is a lack of knowledge and awareness of obesity in cats amongst their owners.
To prevent and reduce the incidence of obesity in cats more information should be provided effectively to cat owners and
individual weight management protocols should be organised by professionals.
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Introduction Poor faecal consistency, malodour and excessive or erratic volume are common conditions in companion
animals and can present unpleasant situations for owners and handlers. The ratio of water to solids in faeces is an important
determinant of faecal consistency but does not always result in poor faecal consistency (Wenzl et al., 1995).
Gastrointestinal tract function is also implicated in poor faecal consistency and nutritional intervention is one approach to
management of the problem (Hickman 1998). The aim of the current study was to determine owner perceptions of the
efficacy of a novel complementary feedstuff on dog faecal quality and a variety of canine parameters.

Materials and methods Twenty-one dogs, aged between 1 and 12 years, with body weights ranging from 2.5 to 40.0kg
were used in the study. The dogs were randomly assigned to two treatments (feedstuff and control) in a standard cross-over
design with a 21 day feeding period. The complementary feedstuff, a mixture of short, medium and long chain fatty acids
all of which are encapsulated to reach the hind gut, was included at levels proportionate to the weight of each dog
(0.3g/kg). Fresh water was available at all times. Faecal characteristics (consistency, volume, odour, colour and ease of
pick up) and coat shine, breath odour and flatulence were scored by owners at weekly intervals throughout the trial, using a
5 level likert scale questionnaire design. Fresh faecal samples were collected for microbiological analysis after 21d.
Microbial counts were obtained by plating out decimal dilutions of samples prepared in maximum recovery diluents.
Standard media were used throughout. All statistical analyses were performed by ANOVA, using Genstat.

Results The current study demonstrated significant differences (P<0.05) in all parameters evaluated within the
questionnaire and Enterobacteria levels between the two treatments determined through microbiological analysis tended to
be different (P<0.10).

Table 1 Treatment effects on owner perception on fresh faecal quality and other canine parameters

Parameter Pre treatment Treatment Post treatment P
(control) (control)

Coat shine* (1-5 =Dull-Shiny) 3.1 3.6 3.6 0.003

Breath odour* (1-5 =Weak-Strong) 3.7 2.1 3.5 <.001

Feed intake* (1-5=Low-High) 3.0 33 3.2 0.018

Flatulence* (1-5=Never-Frequent) 2.8 2.5 2.7 0.003

Faecal Volume* (1-5=Little-A lot) 1.9 2.4 2.1 <.001

Faecal colour (1-5=Light-Dark) 3.7 2.7 3.6 <.001

Faecal odour (1-5=Weak-Strong) 4.1 2.2 3.8 <.001

Faecal consistency(1-6=Firm-Liquid) 4.1 3.1 3.7 <.001

Faecal pick up (1-5=Easy- Difficult) 3.3 2.1 2.6 <.001

*16 dogs included

Table 2 Effect of treatment on faecal bacterial concentration (in log colony forming units per g)

Parameter Treatment Control P

TVC 7.68 7.64 0.418

Entero 6.31 6.63 0.075

Lactics 7.36 7.58 0.345

Cl perf 7.45 7.42 0.874

Total anaerobes 8.27 8.35 0.838

Conclusion Inclusion of a novel complementary feedstuff in canine diets decreased breath odour, flatulence and faecal
odour in the dogs. Owners also recorded a significant improvement in coat shine, faecal consistency and ease of faecal pick
up but there was a significant increase in faccal volume and feed intake. The feedstuff reduced Enterobacteria in the faeces,
which may associate with a change in gut health and function.
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Introduction Stimulating wolves (Canis Lupus) to get initial howls of choruses can be a method of detecting information
about pack identity (Harrington, 1989) and give estimates of numbers within the pack to help decide on conservation status.
This study examined the effect of pitch of transposed playbacks on wolf behavioural and vocal reactions and whether age
or gender affected the response.

Materials and methods Responses of six wolves from two packs (North American and Juvenile packs) at the Wolf
Conservation Trust, Berkshire, UK were recorded 10 seconds after ending playback of a pre-recorded howl track (Wolf
Howl Animal Preserve LLC, Mississippi, America). Each track was transposed using Ableton Live 7.0 and ranged from
6st- (very low pitched) to 6st (high pitched) at intervals of 2st. Four different tracks of 45 seconds were used in a repeated
measures design, played either high to low, or low to high, weekly over an 8 week period. A 10 minute refractory period
was left between each track to allow the wolves to return to normal behaviours. Responses were graded using the following
scale. 1=no response, 2=eye contact, 3=ear twitching, 4=head up/noticeable looking, 5=sniffing, 6=get up, 7=movement
towards the sound or purposefully away, 8=whimper/yip/bark or whine, 9=short or quiet howl, 10=long or loud howl. Data
were analysed using Minitab® v15 ANOVA GLM.

Results Transpose level did not have a significant effect on the behavioural and vocal responses of the wolves (Table 1).
However gender (P<0.001; Figure 1) and age (P<0.001; figure 2) had significant effects.

Table 1 Effect of transpose level on response

Transpose level
6st 4st 2st Ost 2st- 4st- 6st- Pooled SEM
Behavioural response (least square means) 3.53 3.56 2.75 2.53 2.84  2.66 2.59 0.380
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Figure 1 Effect of gender on response Figure 2 Effect of age on response

Conclusions Gender and age had pronounced effects on whether wolves would respond to playback experiments. Females
responded better than males to the playback tracks, in contrast to the findings of Harrington and Mech (1979) where alpha
males demonstrated the greatest response. Younger wolves appeared to respond better than adults which may be helpful in
determining breeding numbers in a chosen area. This could be due to juveniles being more inquisitive, active and having
better hearing (Fogle, 1990). Individual differences in response may be dependent on the context of the sound and this
should be taken into account when choosing the meaning of the tracks chosen to use. The findings indicate that tracking
and locating wolves in the wild is possible using playbacks; and gender and age affect response, however the optimal pitch
to use needs to be investigated further.
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Introduction Walk-through enclosures have initiated the debate as to whether humans are a form of enrichment or stressful
excitement with results of behaviour studies arguing each side. Mallapur et al. (2005) noted the long term effect of visitors
caused a 30% increase in abnormal behaviours but Simpson (2004) contradicts this by observing a positive effect of visitors
to red-ruffed lemurs in a walk-through enclosure. Captive diets are formulated to provide a balanced diet but when scatter
feeding a group it is difficult to determine whether each animal is eating a correct ratio of feed. The objective of this study
was to evaluate the welfare of a troop of Ring-Tailed Lemurs (lemur catta) in a walk-through enclosure at Cotswold
Wildlife Park (CWP).

Materials and methods Having established an ethogram of behaviours (ranging from foraging and grooming through to
aggression or playing), the nine (5 male, 4 female) lemurs were observed for 3 hours a day (0930-1030 no visitors; 1130-
1230 visitors present and 1400-1500 visitors present until 1430) using scan sampling. Scan sampling is a method where the
behaviour of each animal is observed every minute for the trial period. Hence every minute it was noted down how many
lemurs were in an area and what behaviour they were doing. Results were compared throughout the observation period and
to previous studies completed on these animals (Kent, 2008; Williams & Litten-Brown, 2008). The nutritional
observations were focussed on four adults and two juveniles (3 male, 4 female). The males and females were observed
separately for am and pm feeds (n=11). At each feeding time a balanced diet (43% apple and pear; 57% carrot/turnip and
parsnip) was fed, observations were made at the feeding time to ascertain if each individual received this balanced diet —
results were compared to the expected diets. The data was analysed with General Linear Model in Minitab® 15.1.1.0.

Results Lemur behaviour was significantly affected by weather (P<0.001) but not by time or visitor presence whereas
enclosure use was affected by weather, time and visitor presence (data not shown). For example the lemurs spent
approximately twice as long resting when it was raining compared to overcast or sunny weather. Interestingly no lemur
consumed the correct ratio of fresh food as they were expected to with their diet formulation with males and females
showing different food preferences.

Graph 1 A graph to show the total percentage of fresh food consumed per lemur during AM study sessions in comparison
with their expected consumption
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Conclusions Williams and Litten-Brown (2008) concluded the walk-through enclosure at CWP provided positive
enrichment, this study several months later would tend to agree due to behaviour being similar to that found in the wild
(Sussman, 1977). However the lemurs were exhibiting unnatural behaviour toward visitors such as jumping on prams
looking for food. The whole of the enclosure was utilised with the lemurs moving from one end to the other in a particular
pattern each day. Lemurs received their am & pm feeds indoors where it was obvious one female had dominance over what
the others ate, as is the norm in lemur social hierarchy (Sussman, 1977). The findings have implications in attempting to
ensure that all animals receive a balanced diet.
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Introduction Recently, Bermingham et al. (Bri J Nutr accepted) carried out a metanalysis of the available data concerning
the energy requirements in cats. Obesity levels and related illnesses (e.g. diabetes, joint problems etc.) are increasing in
companion animal populations (Scarlett et al., 1994; German 2006), so it is important that the true energy requirements of
cats are established. The National Research Council (2006) highlighted the energy requirements for cats at high (36°C) or
room temperatures (25°C), however, no information exists on energy requirements in temperate climates, such as those
experienced in New Zealand where cats typically have outdoor access all year round. Therefore, this study aimed to
determine the difference in maintenance energy requirements of healthy young cats (c. 2 years of age), housed in metabolic
cages, in an outdoor environment during summer and winter compared to cats kept in similar cages in an indoor
environment during the same two periods.

Materials and methods Eight mixed-sex, neutered cats (c. 2 years of age) were housed in individual outdoor pens (80cm
x 80cm x110cm) for 5 weeks (1 week adaptation, 4 week trial) during summer (SO; 18.5 + 0.5 °C) and winter (WO; 8.5 =
0.4 °C). Eight full siblings of the first group were kept in similar indoor pens at the same time during summer (SI; 22.4 +
0.3 °C) and winter (WI; 17.8 £ 0.2 °C). Cats were kept in visual contact with each other, and were familiar with the pens.
The cats were fed ad libitum AAFCO tested, commercially available fresh wet food daily, had fresh water available at all
times and were exposed to natural light regimes. Energy expenditure and body composition were determined using doubly-
labelled water over 12 days from the beginning of week 4 of each trial period. During the same two 12 day periods activity
monitors (Actical®, Mini Mitter Company Inc, Oregon, USA) were fitted to the collars of two cats (one indoor, one
outdoor). Data were analysed using a Repeated Measures procedure of SAS (version 11) and results are reported as mean
and standard error of difference (SED).

Results Season had no effect on the bodyweight of the cats kept either inside (SI: 3.97 vs WI: 4.02 (SED 0.15) kg; P>0.05)
or outside (SO: 3.94 vs WO: 4.04 (SED 0.15) kg; P>0.05). The activity levels of the cats were also similar in both groups
between summer (SI: 2272 vs SO: 2469 (SED 178.9) counts/hr) and winter (WI: 2385 vs WO: 2385 (SED 197.0)
counts/hr). However, there was a strong seasonal rhythm (P<0.001) of food intake in the cats housed in the indoor
environment, with higher intakes observed in the summer (SI: 297.5 vs WI: 258.2 (SED 7.5) kj/kg BW/d). In contrast, cats
kept in an outdoor environment showed more uniform feed intake between the two periods (SO: 299.2 vs WO: 286.2 (SED
7.5) kj’kg BW/d; P<0.05), but significantly higher intakes (P<0.001) during the winter period. The cats in this study had
higher energy requirements than those reported in the literature (213.8 kj/’kg BW/d; Bermingham ef al., 2009) which may
reflect differences between cats kept outside in temperate climates compared to cats studied in indoor environments.
Results on energy expenditure and body composition are being completed and will also be reported.

Conclusions An effect of housing was observed in winter when animals housed outdoors consumed 28.0 kj/’kg BW/d more
food than their siblings housed indoors. Activity levels and bodyweight remained constant in both groups throughout this
period, suggesting that this difference in intake reflected a difference in maintenance energy requirements over the five
week winter period. Interestingly, energy intake was higher in summer in both groups (housed inside and outside)
compared to winter. This finding may reflect the increased insulatory capacity of the winter versus summer coat, although
actual energy expenditure data when it becomes available will begin to answer these questions.
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Introduction Bovine TB is a respiratory disease caused by Mycobacterium bovis infection. It is the most complex and
difficult multi-species, endemic disease facing government, the veterinary profession and the farming industry in the UK
(Reynolds 2006). The maintenance and spread of infection within and between populations of cattle and populations of
wildlife is poorly understood, with investigations hampered by difficulties in accurately defining epidemiologically-linked
cases. The recent development of M. bovis genotyping schemes, based on recording DNA repeat copy number variation
(variable number tandem repeats or VNTRs) offers highly-discriminating tools for investigating the spread of M. bovis
(Skuce et al 2005, Smith et al 2006). Systematic application of M. bovis genotyping in conjunction with tracing of cattle
movements and wildlife surveillance can be expected to provide valuable insights into disease source and spread. The
objective of this study was to investigate, by means of structured herd-level surveillance, the genotype diversity,
distribution and structure of the current M. bovis population.

Materials and methods New, culture-confirmed bovine TB herd incidents were enlisted on a rolling 365 day period
(2003-2008). M. bovis was isolated and confirmed using standard procedures. The first (disclosing) M. bovis isolate per
herd was subjected to genotyping (Skuce et a/ 2005). VNTR profiling, spoligotyping, nomenclature, reference isolates and
quality control were as described (Skuce et al 2005). Animal-level data (movements and test records) were derived from
the Animal and Public Health Information System (APHIS, Houston 2001). M. bovis isolates were geo-referenced to their
final herd using Maplnfo Professional v7.5. To investigate potential associations between M. bovis genotype and location
and inter-annual differences in frequency, contingency tables were analysed using Chi-square tests with Monte Carlo
simulation and by test for trend statistics.

Results 175 genetically-distinct M. bovis genotypes were identified in 8,630 isolates from 6,609 herds. On average 73
genotypes were identified every year, with 29 genotypes present in all 6 years. M. bovis genotypes showed striking
geographical localisation and significant association (P<0.001) to regions. However, genotypes were also trans-located
significant distances from their normal ‘home range’. Whilst the frequency of most M. bovis genotypes was relatively
stable over the survey period, significant differences (P<0.001) were observed for some genotypes in years 2003 to 2008,
indicating that the M. bovis population was not entirely static. Despite regions being dominated by geographically-localised
genotypes, significant and exploitable (in outbreak investigation) local diversity was still present.

Conclusions Significant genotype diversity was disclosed in the sampled Northern Ireland M. bovis population. The
population was highly geographically structured, with different M. bovis genotypes tending to cluster significantly in
distinct regions. This suggested that most sources tended to be local and relatively stable. Whilst the frequency of most M.
bovis genotypes was relatively stable over the survey period, expansion and contraction of some genotypes was evident. M.
bovis genotyping, in conjunction with comprehensive cattle movement databases and wildlife surveillance, offers a
powerful tool for investigating bovine TB source, maintenance and spread. The population structure and the performance
characteristics of M. bovis genotyping support its use to answer detailed epidemiological questions of direct policy
relevance.
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Introduction Helminth control programmes, based on improvement of farm management and regular anthelmintic
treatment, are often impracticable in developing countries due to relatively high price of modern anthelmintics for the
smallholder. Medicinal plants may become good alternatives for modern synthetic anthelmintics in smallholder farms if
their efficacy can be proved scientifically under controlled studies (Satrija et al., 2001). The objective of the present study
was to assess the in vitro anthelmintic potential of fifteen tropical forages usually given by farmers as goat feeds, that
contain active compounds, in exerting their anthelmintic effects against Haemonchus contortus eggs

Materials and methods Fifteen plants used as goat feeds by local farmers in Yogyakarta, Indonesia, were screened for in
vitro anthelmintic activity by measuring the inhibition of the hatching of Haemonchus contortus eggs. The plant materials
were screened for the presence of water soluble total tannin. The in vitro anthelmintic potential of the 15 tropical forages
was assessed using aqueous infusions (50%, w/v) of the plant material. Adult female parasites of Haemonchus contortus
were collected from the abomasums of goats obtained from the abattoir (Daryatmo et al., 2008). Female worms were
separated from males, transferred to phosphate buffer saline (PBS) solution (pH 7.2) and incubated at room temperature
for 24h. The worms were removed from PBS after 24h and ova laid by them were collected by sedimentation using slow
centrifugation. Between 50 - 100 eggs were transferred into petridisks filled with 5 ml of each infusions. The experiment
was replicated three times for each infusion. Unhatched eggs were then counted under a dissecting microscope with x40
magnification. The positive and negative controls were Albendazole and phosphate buffer saline, respectively. The values
obtained were analysed using one way analysis of variance and the LSD test at the 0.05% significance level.

Results Tannin contents of the 15 plants ranged from 0.34 — 2.89% of DM (Table 1). The aqueous infusions of the plants
inhibited egg hatching by 53.42 - 79.15% (Table 1). The two most potent infusions using egg hatch assay were those of
Manihot esculenta Crantz and Artocarpus heterophyllus leaf in a decreasing order of potency.

Table 1 Tannin contents of 15 plants and their inhibition (as aqueous infusions) of hatching of Haemonchus contortus

eggs.

No Treatment Water soluble total tannin (% of DM) Eggs not hatching (%)’
| Albendazole - 96.15°
2 Manihot esculenta Crantz 2.89 79.15°
3 Artocarpus heterophyllus 2.49 78.72°
4 Swietenia mahagony 1.23 74.10°
5 Sesbania grandiflora 1.22 71.39%¢
6 Ficus benyamina 1.85 69.93%
7 Albizia chinensis 1.19 67.64°
8 Ceiba petandra 1.69 67.47°
9 Carica papaya 1.52 66.21°
10 Acacia spp. 2.10 65.55°
11 Eugenia aquea 1.63 65.12°"
12 Leucaena leucocephala 1.27 61.84
13 Gliricidea sepium 0.60 61.62"
14 Bauhinia malabarica 0.41 61.48"
15 Dalbergia latifolia 0.84 57.608
16 Musa paradisiaca 0.34 53.42?1
17 Phosphate Buffer Saline (PBS) - 17.78'

'Means of three measurements; within a column, means with different superscripts are statistically different (P<0.05)

Conclusions The results indicate that the 15 plants tested showed promising anthelmintic activity. These properties, and
their potential as animal feeds, supports their use by farmers in traditional animal health care. Further controlled in vivo
experiment studies are required to identify possible negative effects on the performance of the animals before any plant can
be recommended for save use.
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Introduction Cassava is an important agricultural product harvested in the dry season of Indonesia. The national
production of cassava was about 19.90 tonne/ha in 2007, increasing to 21.99 tonne/ha in 2009. The main product of cassava
is tuber for human food; farmers use the leaf and tuber skin for animal feeds, especially for cattle and goats. Previous
research has shown that cassava leaf could be used as a protein supplement for goat production. Young carica papaya leaf
is mainly used for human food, but more mature leaf may be used as an animal feed. Although its production is lower than
cassava, papaya leaf has a high protein content (19.9%, DM basis). A major problem concerning animal production in the
rural areas of Indonesia is parasite infestation. Farmers have difficulty in facing the problem, due to the high price of
anthelmintic drugs. Dietary tannins may have an anthelmintic effect. Kustantinah ez al. (2008) reported that older cassava
leaf has a higher tannin content (2.42%) than the younger leaf (1.72%), while carica papaya leaf contains 1.52% of total
tannin. The aim of this study was to assess the potential of cassava and papaya as sources of feed and, as anthelmintics for
goats.

Materials and methods Eighteen individually housed female Bligon goats were used in this study. The animals, which had
not been previously treated with anthelmintic drugs and were naturally infected, were divided into three groups (n=6). One
group (Control) was offered only grass ad libitum. A second group (Treatment I) was offered, ad libitum, a mixture of 70%
grass and 30% cassava leaf, and the third group (Treatment II) offered a 70% grass and 30% (DM basis) papaya leaf
mixture, ad libitum. The feeds were offered for 6 weeks, with total collections (feed, refusals and faeces) carried out over
the final 10d. Data measured were feed intake, nutrient digestibility, liveweight (LW) gain and, facces collected directly
from the rectum on days 0, 15, 30 and 45 of the feeding period. The number of worm eggs and Coccidia oocyst were
counted. The data obtained were analysed using analysis of variance and the LSD test at the 0.05% significance level.

Results The daily dry matter intakes for Treatment I, Treatment II and Control were 3.53%, 3.54% and 3.30% of LW,
respectively. Intakes of organic matter, and crude protein were also increased by supplementation with cassava or papaya
leaves, as was the average daily LW gain (Table 1). For Treatments I and II, counts of worm eggs and Coccidia oocytes
progressively decreased (respective slopes of regressions for treatment I were -291.67, P>0.05 and -325.00 (P>0.05) and
for treatment II the slopes of regressions were -170.00 (P<0.05) and -714.17 (P<0.05); whereas the counts increased (slope
of regressions were: 216.67 (P< 0.05) and 246.67 (P>0.05) for goats on the Control treatment (Table 2).

Table 1 Mean nutrient intakes and LW gain in goats receiving grass and cassava or papaya leaf

Nutrient intake Treatment [ Treatment 11 Control
Organic matter (g/kg LW) 30.59+0.51* 30.21+0.59° 28.80+0.76
Crude Protein (g/kg LW) 5.26+0.10° 5.06+0.12° 4.20+0.10°
Crude fibre (g/kg LW) 8.13+0.14*° 7.43£0.12° 8.15+0.21°
Total digestible nutrient (%) 59.14+1.50° 60.92+1.88° 55.81+3.76 "
Average daily LW gain (g) 38.51£0.59* 39.08+0.44" 27.01£0.69"

Table 2 Worm egg and Coccidia counts (means+ S.E) in faeces from goats receiving grass and cassava or papaya leaf
(no./g faeces)

Treatment Days since beginning of experimental feeding

0 15 30 45
Worm egg count:
Control 217147 267163 5334240 850+259
Treatment I 1250+1445 542+562 475+555 300+298
Treatment II 700+547 500+494 400+421 167108
Coccidia count:
Control 208+201 283+380 300+£354 1025+1948
Treatment I 1108+1267 233+140 108+89 67+51
Treatment 11 2108+3589 1108+1757 142+106 50+44

Conclusion Supplementation of grass with the leaf of cassava or carica papaya both increased nutrient intakes and had an
anthelmintic effect as observed by decreasing faecal EPG and Coccidia oocyte counts.
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Introduction Scouring (diarrhoea) is a major problem for sheep producers as it leads to a build up of faecal material on the
wool around the breech (dags), predisposing the animal to flystrike. Scouring occurs when the consistency of faeces is
fluid with a low percentage of dry matter, and is associated with ingestion of parasitic nematode larvae such as
Trichostrongylus colubriformis. We have previously shown that challenging parasite-resistant sheep with nematode larvae
results in a reduction in faecal dry matter despite very few worms establishing (Williams et al., 2009). This suggests that
some component of the immune response is responsible for scouring in resistant animals. In this experiment we
investigated two such components, 7. colubriformis-specific IgE and the cytokine interlukin-5 which is largely responsible
for proliferation of inflammatory cells such as eosinophils. We hypothesised that IgE and IL-5 in serum would be
increased when resistant sheep were challenged with T. colubriformis larvae and this would be accompanied by a reduction
in faecal dry matter.

Materials and methods The sheep used in this study were from a parasite-resistant Merino line owned by the Department
of Agriculture and Food Western Australia. Sheep from this line are selected for parasite resistance on the basis of low
faecal egg counts (FEC) following a natural parasite challenge. FEC and dag scores are regularly monitored on all sheep in
this flock. Ten 2-year old rams were selected that all had low FEC but high dag scores in the field. These were then
treated with anthelmintic and housed indoors. 5 rams were then dosed daily for three weeks with 1000 7. colubriformis
larvae. 5 rams were unchallenged controls. Each week, at least ten grams of faeces was collected from each sheep,
weighed and then dried in an oven at 90°C to determine the percentage of faccal dry matter (FDM). Serum was collected
from all rams before challenge commenced and then at 10 and 20 days after. 7. colubriformis specific-IgE was measured
using a sandwich ELISA. IL-5 was measured according to the method of Doligowska et al. (1999). Results were
expressed in ELISA units, where 100 units represented the absorbance at 412 nm of a positive control standard (high-
reading sera) run on every plate. Differences in FDM, IgE and IL-5 between challenged and control sheep over the course
of the experiment were determined using a mixed model analysis in SAS version 9.1 with group and week as fixed factors.

Results 7 days after challenge commenced FDM was reduced in the challenged sheep compared to the pre-challenge
period and was also lower than in the control sheep (P<0.01). At 14 and 21 days after challenge FDM in the challenged
sheep did not differ from day 7 but remained lower (P<0.01) than in the control sheep (Figure 1). IgE increased (P<0.05)
in the challenged sheep ten days after challenge commenced but fell to baseline levels by day 20 (Figure 2). IL-5 also
increased (P<0.05) in the challenged sheep at 10 days after challenge commenced but did not increase further at day 20.
IL-5 tended to decrease in the control sheep (Figure 2).
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Figure 1 FDM (means + sem) in control (®) and Figure 2 1L-5 and IgE concentrations in serum (means + sem)
challenged (0) rams during larval challenge in control (®) and challenged (0) rams during larval challenge

Conclusions Some sheep that are resistant to parasites may scour as a result of the immune response to newly ingested
larvae. IgE and IL-5 were increased during larval challenge which may indicate a role in this immunity, although serum
levels may not fully indicate the role that they play at the gut mucosal level. It is of interest to note from these results that
the marked reduction in FDM in the challenged sheep occurred within 7 days which tends to coincide with the peak in IgE
and IL-5 production we observed. Therefore, it could be tentatively postulated that these mechanisms may be responsible
for some of the scouring seen in resistant sheep. IgE may be responsible for releasing mast cell-derived mediators such as
histamine that contribute to diarrhoea, even after the initial increase in IgE has returned to baseline levels.
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Introduction There is some evidence to suggest that exposure of ewes to parasites reduces weight gain in their lambs
(Zaralis et al., 2008), although these effects are not observed when exposure is limited to late pregnancy only (Leyva et al.,
1982). However, maternal exposure to parasites throughout pregnancy may affect off-spring performance and its resistance
and resilience to parasites, as this may program offspring to better cope with parasite infections (Kristan, 2002). Here, we
assessed effects of exposure of ewes to abomasal nematode parasites on ewe and lamb performance and on lamb resistance
to the same parasites.

Materials and method Thirty-two 4-5 year old housed Mule ewes were either trickle infected with 10,000 Teladorsagia
circumcincta infective larvae (I, n=16) or sham infected with water (C, n=16) from one week before synchronised mating
with Suffolk rams until parturition (day,). Ewes weighed (69.9+0.9kg) on day.;ss and were commercially fed throughout.
At scanning (day_gg), 2 single-, 9 twin- and 1 triplet-bearing ewes were selected from each experimental group. Ewes were
drenched at lambing to terminate the parasitic infection with Levacide (levimasole) and Oramec (ivermectin), and their
lambs were trickle infected from daysg until day;; with 2,000 7. circumcincta larvae. Lambs had access to creep feed from
day;; onwards and were weaned on days,. Ewes were weighed on day._gg, and ewes and lambs were weekly weighed from
lambing onwards. Ewe faecal egg counts (FEC, in eggs per gram, epg) were assessed during pregnancy to monitor the
infection; lamb FEC were assessed twice weekly between dayss and day;;. FEC were transformed via log(FEC+1) for
statistical analyses, and reported as back-transformed means with a 95% confidence intervals range. Obtained data were
averaged per lamb reared, and were analysed using ANOVA, with ewe body weight at day.,ss as covariate for ewe
performance, lamb birth weight as covariate for lamb performance, and a repeated measure analysis for lamb FEC.

Results The number of barren ewes were similar in the C and I treatments (2/16 and 3/16, respectively). Mean FEC of |
ewes gradually increased from 1 (1-2) epg on day._g4 to 129 (66-251) epg on day,. All FEC were 0 on day;s. I ewes lambed
on average 1.4 days later than C ewes (s.e.d. 0.66; P<0.05), but reared similar number of lambs (1.9+0.1). Table 1 shows
that I ewes were lighter than C ewes during pregnancy and at parturition. This difference was smaller by day;; due to
weight loss from C ewes, and disappeared by daygs due to a higher weight gain of I ewes. Ewe exposure to parasites did not
affect mean lamb birth weight, but reduced lamb weight gain until days;s and increased lamb weight gain during lamb
exposure to parasites. Ewe exposure did not affect lamb FEC, which increased from 25 (22-29) to 242 (223-263) epg on
dayg; and averaged 116 (105-128) epg on day;.

Table 1 Effect of maternal exposure to parasites on ewe and lamb performance and lamb faecal egg counts (FEC).

Control (C) Infected (1) s.e.d. P-value
Ewe body weight (kg)
day gg 70.1 65.8 1.00 <0.001
day, 70.3 65.1 1.29 <0.001
days, 68.5 65.3 1.91 0.114
dayes 68.4 68.4 1.29 0.991
Ewe body weight gain (g/d)
dayg; -45 16 63.5 0.342
day31_66 15 109 42.5 0.039
Lamb body weight (kg)
day, 5.0 5.1 0.37 0.887
daysg 19.7 18.2 0.60 0.020
day; 353 352 1.15 0.923
Lamb body weight gain
(%/;20_38 382 342 16.4 0.020
372 412 17.1 0.031
daysg 77
Lamb FEC (log(epg+1))
mean (dayss 77) 1.95 1.98 0.087 0.805

Conclusion These data support the view that expression of immunity to parasites in immune ewes is nutritionally
expensive and that body reserves may be sacrificed over reproductive effort to account for this. The reduced body reserves
may be the basis for the reduced lamb weight gain observed during the immediately post lambing period. The data are
consistent with the view that maternal exposure to nematode parasites may increases offspring resilience rather than
resistance to infection with the same parasite.
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Introduction  Periparturient resistance to parasites in previously immune mammals often breaks down, resulting in
elevated levels of parasitism. The underlying periparturient relaxation in immunity (PPRI) may have a nutritional basis
(Coop and Kyriazakis, 1999); immune rats, re-infected with Nippostrongylus brasiliensis given access to low crude protein
(CP) diets showed an augmented degree of PPRI compared to their high CP counterparts (Jones et al., 2009; Sakkas et al.,
2009). As host responses to dietary CP can be seen as responses to essential amino acids, we assessed sensitivity of PPRI to
reduced availability of two essential amino acids, i.e. leucine and methionine. Leucine is relatively abundant in proteins of
up-regulated immune responses in response to CP supply (Houdijk and Athanasiadou, 2003), and supplemental methonine
has been shown to improve resistance to N. brasiliensis (Cummings et al., 1986).

Materials and methods Forty rats were infected with 1600 N. brasiliensis larvae prior to mating, and upon parturition,
allocated to one of four feeding treatment groups, balanced for parturition body weight (n=10). Diets LP and HP were
formulated to supply 150 and 250 g CP per kg, respectively. LP protein was methionine-enriched casein, and HP was made
by including purified amino acids at levels found in methionine-enriched casein at the expense of starch/sucrose. Diets HP-
L and HP-M were identical to HP but without extra leucine and methionine, respectively. The iso-energetic diets were fed
at ~90% of metabolizable energy intake on ad libitum fed diets (Jones et al., 2009). Parturition litter size was adjusted to 12
pups and dams were re-infected with 1600 N. brasiliensis larvae on day 2 of lactation. Dams and litters were weighed daily
to estimate litter and dam growth (using linear regression) until either on 6 or 9 days post infection when worm burdens
(number and sex) were assessed as a proxy for the degree of PPRI. Worm burdens were log-transformed prior to statistical
analysis, and reported as backtransformed means with 95% CI. Results were analysed using ANOVA through REML.
Main effects of feeding treatments are reported as interactions with sampling time were not significant.

Results  Figures 1, 2 and 3 shows that feeding treatment affected litter growth, dam growth and worm burdens,
respectively (P<0.005). HP litters grew faster than LP and HP-L litters, which in turn grew faster than HP-M litters. In a
similar fashion, HP dams had higher weight gains than LP and HP-L dams, which in turn grew faster than HP-M dams. HP
dams had lower worm burdens than LP, HP-L. and HP-M dams, whilst worm burdens for the latter three groups did not
differ. Worm burden composition was affected by time only; across feeding treatments, female worm percentage was
55.6% on day 6 and 64.0% on day 9 (s.e.d. 3.3%; P<0.05).
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Conclusion The response in litter gain to increased protein supply suggests that protein was limiting for LP dams. As
expected, (Coop and Kyriazakis, 1999), LP dams had consequently higher worm burdens than HP dams. The responses to
the deficiency in leucine and methionine may suggest that the underlying PPRI is sensitive to the reduced availability of
these specific amino acids. Further studies using this model may be required to identify if the responses observed are the
consequence of feeding imbalanced protein per se and could lead to identification of an optimal amino acid composition
required to reduce the degree of PPRI.
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Introduction Clostridium difficile has been reported to be the most common cause of neonatal enteritis in pigs in the
United States (Songer and Anderson 2006) and there are a number of reports of its presence in pigs in Europe (Nagy and
Bilkei 2003, Songer and Anderson 2006, Debast et al. 2009). In contrast, it has been observed in previous experimental
work at the University of Leeds pig farm that the incidence of asymptomatic C. difficile carriage in pigs is common in
young pigs but rare in pigs at slaughter age (Brunton et al., 2009). The aim of this study was to observe the incidence of
C. difficile carriage in piglets at weaning through to 18 weeks of age. We hypothesised that asymptomatic C. difficile
carriage would be high in pigs at weaning, but would decrease with age. Our second hypothesis was that the addition of a
therapeutic level of an antibiotic, phenoxymethyl penicillin, to the pigs diet would increase the incidence of C. difficile
carriage. Antibiotic treatment is a risk factor for the onset of C. difficile associated infection (CDI) in humans (Bignardi
1998).

Materials and methods Thirty-six piglets from six litters were distributed across the two treatments. Pigs were allocated
across six pens (six pigs in each) so that pens were balanced for litter, gender and weight (average weight = 7.7 kg +0.93
SD). All pigs were fed on a standard commercial weaner diet from 4 to 7 weeks of age, after which a standard grower diet
was introduced until week 12. This grower diet contained therapeutic levels of phenoxymethyl penicillin (0.2 kg/tonne,
prescribed to combat streptococcus suis infections) for pigs in 3 of the pens, whilst the other 3 pens were fed the base diet
with no antibiotics. From week 12 onwards all pigs were fed a standard commercial finisher diet containing no antibiotics.
Faecal samples were collected from all 36 pigs at 4 weeks (weaning), and then at 7, 10, 12, 13 and 18 weeks of age. The
health of the animals was monitored throughout the study. DNA was extracted from each of the faecal samples using a
phenol:chloroform based method. C. difficile DNA was detected using the polymerase chain reaction (PCR) with probes
specific for the fcd4 gene which encodes the toxin A. PCR results were analysed using the chi squared test including Yates’
correction for two categories of data. PCR positive samples were cultured in an attempt to isolate C. difficile. Ribotyping of
the isolates was carried out by the Clostridium difficile Ribotyping Network (CDRN) based at the Leeds General Infirmary,
Leeds, West Yorkshire. A cytotoxin assay was also carried out on all samples in which the tcd4 gene had been detected
using PCR.

Results At week 4, all of the treatment group (18/18) and 16/18 of the

control group screened positive for C. difficile. All animals were 1
asymptomatic and there was no statistically significant difference
between the two groups. By week 7, the number of pigs that were
positive for C. difficile had decreased significantly for both groups to
only 2 positive samples for the treatment group and 3 positive samples
for the control group (P<0.001 and P<0.01 respectively) (Figure 1). The
number of positive samples remained low for the rest of the trial. There
was no significant difference between groups across the trial. Of the 46 y
samples that were screened as positive by PCR, 13 yielded C. difficile Q
when cultured. Eight of the 13 were from pigs in the treatment group, and a T
the remaining 5 were from pigs in the control group. All 13 isolates were i g e
ribotyped and found to be the PCR ribotype 078. None of the samples

demonstrated significant cytotoxic effects.
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Conclusions We have demonstrated that on the UK farm studied asymptomatic ~ Figure 1 The number of pigs screened as
carriage of C. difficile is common, but short-lived in piglets. The inclusion of  positive for C. difficile by PCR at each
phenoxymethyl penicillin in the pigs’ diet was found to have no effect on the time point, on diets containing either
carriage of C. difficile. The observations of this study are contradictory to reports  herapeutic levels of penicillin (black bars)
from North America and parts of Europe, where C. difficile is claimed to cause (f)r no ant}11b1otlc (grey bar/i). 11\)] = 18 pigs
symptomatic illness in young pigs (Songer and Anderson 2006, Debast et al. a(él;ninei:tcere dtlr)e;:vn;zﬁt'weekrslt; 1;):115 12wz:
2009). The phenomenon of asymptomatic carriage which decreases with age has | jicated by the shaded area on the grap;h.
been observed in other species, including humans and rabbits, but has not before

been demonstrated in pigs. Further work is required to determine the reasons for

this phenomenon, and to understand why C. difficile is a problem in North

America, but not in the UK.
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Introduction Sub-clinical disease is a major contributor to a lower than expected pig performance, economic losses and
reduction in pig welfare. Currently there are no markers to objectively assess the presence and extent of sub-clinical disease
in live pigs, which hampers the development of strategies to overcome the consequences of subclinical disease, including
increased environmental burdens. Acute phase proteins (APP) are components of the innate immune response and their
response to infection pathogens is generic rather than pathogen specific (Eckersall 2000); for this reason they have the
potential to characterise pig disease status. Here we describe two studies which aimed to establish infection models to
assess the presence of sub-clinical disease in young pigs through changes in their APP profiles.

Materials and methods In Experiment 1 (Expl), 24 8-week old male pigs were used (live weight (LW) 22.16+0.44 kg)
and were either sham infected (n=2 controls for each infection protocol) or trickle infected (n=4) with one of the following
pathogens: Enterotoxigenic E. coli (ETEC) and Brachyspira pilosicoli (models for local intestinal disease; per os dose: 10
cfu/pig/day) and Haemophilus parasuis and Listeria monocytogenes (models for systemic disease; doses: per os 10* and
subcutaneously 10° cfu/pig/day respectively). In Experiment 2 (Exp2), 18 4-week old male pigs were used (LW 8.45+0.8
kg) and were infected with either 10°, 10® and 10° cfu/pig/day of ETEC, B. pilosicoli and H. parasuis respectively (n=4) or
were sham infected controls (n=2 controls for each infection protocol). Bacterial challenge was mixed with the food for
ETEC and B. pilosicoli, whereas it was administered intranasally for H. parasuis. Animals were challenged 3 times per
week for either two or one weeks for Expl and Exp2 respectively. Blood samples were obtained at regular intervals to
monitor the response on 3 APP (haptoglobin (Hp), C-reactive protein (CRP) and serum amyloid A (SAA)). Food intake
was recorded daily; weight gain, health scores, bacteria excretion and temperature were monitored at regular intervals. The
two studies were analysed separately, using a one-way ANOVA which included APP results prior to infection as covariate.
Contrast statements were used to compare each infection group to the control (Genstat 9).

Results In Expl, subclinical disease was evident in L. monocytogenes infected pigs, with an increase in their rectal
temperature (P<0.001) and a reduced, although not significantly different, LW gain (Table 1). None of the other infected
pigs showed any signs of subclinical disease throughout the experiment. All measured APP were significantly upregulated
in L.monocytogenes infected pigs (Table 1), whereas they were not affected by infection in any of the other groups. In
Exp2, ETEC infected pigs showed a reduced, although not significantly different food intake and LW gain. This was
accompanied with a significant increase in Hp and SAA. There was no effect of infection on performance or APP profiles
in the remaining infected pigs. The consequences of infection were evident only during the first week of the infections.

Table 1 Effects of infection with different pathogens on log-transformed APP, feed intake (FI) and LW gain LWGQG) in
growing pigs during the first week of infection. Superscripts denote significant difference from the control at P<0.05; ")
pooled across all controls as results were not affected by sham-infection protocols

Expl Exp2
Hp CRP SAA  FI LWG Hp CRP SAA FI LWG
g/L mg/lL. mg/lL g/day g/day g/L mg/L. mg/L g/day g/day
Control®” 0.09 2.10 0.37 1290 880 0.09 2.14 0.81 503 434
ETEC 0.09 2.19 0.19 1234 842 0214 232 1.23¢ 433 300
B. pilosicoli 0.08 2.12 0.16 1250 820 0.13 2.12 0.66 488 429
H. parasuis 0.07 2.13 0.43 1210 923 0.04 2.37 0.94 527 472

L. monocytogenes ~ 0.32° 263> 2.11° 1197 772 NA NA NA NA NA

s.e.d. 0.03 0.07 0.19 58.5 124 0.04 0.15 0.19 112 147

Conclusions L. monocytogenes infection resulted in systemic effects (pyrexia), upregulation of all three APP measured and
limited penalties in performance. These make it a good candidate model for assessing the use of APP as markers for
subclinical, systemic infection in pigs. ETEC challenge resulted in local infection (no pyrexia) and upregulation of two
APP and these, in combination with studies where penalties in performance were confirmed (Wellock et al. 2008), make it
a good model for assessing the use of APP as markers for subclinical localised infection. Four-week old animals were
considered better candidates than 8-week old pigs to test these models at the tested infection doses. The lack of evidence
for subclinical disease from B. pilosicoli and H. parasuis infections under the protocols tested prohibits their use as models
to study subclinical pig infections at this stage.
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Introduction The application of near infrared spectroscopy to predict meat tenderness has been recently reviewed by
Prieto et al., 2009. To obtain representative sampling, NIR equipment suitable for measurement of relatively large areas of
the muscle is required. Marbling fat within the muscle is not equally distributed and thus sampling different areas of the
muscle can result in different spectra depending on the amount of marbling fat in the sampled area. Hyperspectral imaging
instead provides the potential to identify and measure spectra for specific regions of interest. Applications to several food
quality applications are reviewed by Gowen et al., 2007. For beef, NIR hyperspectral imaging has the potential to identify
independent spectra relating to subcutaneous fat, marbling fat and lean. The aim of this study was to identify and
characterise the spectra from different regions in the beef foreib joint and within the longissimus dorsi (LD) muscle
between marbling fat and areas of lean devoid of visible marbling.

Materials and methods A random selection of 150 foreribs were obtained 2 days post slaughter from a commercial
abattoir and transported to the laboratory. A slice approximately 25 mm thick was removed from the caudal surface of the
forerib and an image of the exposed surface taken within 2 minutes of cutting. Images were taken using an instrument
described by Millar et al., 2008, incorporating a SWIR spectral camera (Specim, Oulu, Finland) with a cooled 14 bit
HgCdTe detector and N25E spectrograph. The system was configured to image a 200mm line spanning the full width of
the joint with a spatial resolution of 320 pixels, and 256 spectral bands with a wavelength range of 900-2500nm. The
sample was moved on a motorised stage and scans were taken at a rate of 50 lines/s to acquire an image of the whole cut
surface in a total scan time of 9s. After scanning the freshly cut surface, the meat was allowed to bloom at 4°C for at least 1
hour and scanned again.

Further scans were made to assess the contribution of several factors. The effect of blooming was assessed by scanning
selected samples at a larger number of time intervals up to 1 hour. To assess the depth of the sample surface contributing to
the measurements, scans were made for thinly sliced samples of lean beef and subcutaneaous adipose tissue presented
against white and black backgrounds. Scans were also undertaken samples containing clearly identifiable regions of
connective tissue to characterise the corresponding connective tissue spectra.

Results Figure 1 shows examples of reflection spectra for Figure 1 Reflection spectra for lean and fat tissue
several tissues. The mean spectrum is shown for a freshly cut 18
lean region of the longissimus dorsi. Further measurements 16 A 0
of the same sample at times of up to 1 hour (not shown) / '
showed no strong changes in the NIR spectrum as the sample
bloomed, despite clear visible changes in colour. This may
be due to the measured spectral range being outside the
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spectra obtained in these regions were intermediate between

those of lean and fat. This was partly due to the resolution of 0.6mm used, such that pixels in regions of thin marbling may
contain both lean and fat, and also due to the penetration depth of the NIR radiation. As can be seen from Figure 1, the
absorbance was greater at longer wavelengths. Tests for samples of known thickness showed measurable penetration to a
depth of about 10mm at 1100nm, but minimal penetration beyond 2-3mm for wavelengths greater than about 1500nm.

Conclusion The results show that hyperspectral NIR imaging has the potential to discriminate between lean and fat tissue.
Further work is required to identify how the ability to discriminate between tissues (eg marbling fat & lean) can be
developed for prediction models for meat quality.
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Introduction Payment for beef carcasses in the European Union is generally based on a combination of cold carcass
weight and classification for carcass conformation and fat. Although, carcass classification in Ireland was originally based
on subject assessment by trained personnel, carcass classification is now undertaken in Ireland using authorised
classification machines. Since 2005, a copy of two carcass images taken by the VBS2000 mechanical grading machine
after slaughter to derive the EUROP conformation and fat grading have been stored in the Irish Cattle Breeding Federation
database. The objective of this study was to investigate the potential of using Video Image Analysis (VIA) to predict
carcass cut yields.

Material and methods Digital images taken at slaughter can be summarised into 428 variables describing linear
measurements of carcass dimensions, carcass contour and carcass color measurements. Two datasets with information on
detailed carcass dissections as well as carcass images were treated separately: an experimental (n = 346 steers) and a
commercial (n = 281 heifers) dataset. In both datasets, four groups of wholesale cut weights were created, in consultation
with industry representatives, according to their retail values: Lower Value Cuts (LVC) including fore- and hind shins,
flank, ribs, brisket, neck, and lean trimmings; Medium Value Cuts (MVC) comprising of the shoulder and the chuck cuts;
High Value Cuts (HVC) including the sirloin and the round cut weights; Very High Value Cuts (VHVC) comprising of the
weights of the rib roast, strip-loin, and fillet cuts. In the experimental dataset, total carcass fat weight and total bone weight
were also available. For each of the carcass groups, the two datasets were individually split into a calibration and a
validation sub-datasets, based on an equal distribution (i.e., similar mean and standard deviation) of the trait under
investigation. In the experimental dataset, 232 steers (67% of the steer population) were included in the calibration dataset
and 114 steers were included in the validation dataset; in the commercial dataset, the respective numbers were 189 (67% of
the heifer population) and 92 heifers. Three alternative prediction models were evaluated within the experimental and
commercial dataset separately: 1) model including carcass weight only, 2) model including carcass weight plus EUROP
classification for conformation and fat, and 3) model including carcass weight plus VIA parameters. Stepwise regression,
principal component analysis, partial least squares, least angle regression and canonical correlations methods were all
separately tested to choose which VIA variables best described the calibration dataset. The regression models developed
from the calibration datasets were then applied to the validation dataset and the fit assessed. Statistics used to quantity the
goodness of fit in the validation dataset included the mean bias, the RMSE, the coefficient of multiple determination of the
model (R?), and the correlation between the predicted values and the residuals (r.).

Results Of the alternative statistical methods tested, stepwise regression gave consistently the most accurate prediction; the
number of predictors in the model varied from 6 to 10 depending on the trait. Across all traits, the model that included
carcass weight plus VIA parameters gave the best prediction as evidenced by the greater R* and lowest RMSE. The lack of
a residual correlation and mean bias not significantly different from zero implies no systematic bias in the predictive ability
of almost all regressions. The large difference in accuracy of prediction of LVC between the experimental and the
commercial dataset reflects the differences in cutting procedures between the two plants. The lowest accuracy of prediction
was for the VHVC; this is consistent with the fact that VHVC includes the fillet positioned inside the carcass, thus hidden
from the camera pictures, and the full loin which can also be difficult to appreciate from a side view image due to its flat
shape. Other image technologies (cross section analysis, X-ray tomography) provide a more detailed appreciation of the
carcass composition, but at a greater cost.

Table 1 Residual root mean square error (RMSE) and coefficient of determination (R?) in the validation datasets of the
experimental and the commercial dataset using stepwise regression models containing carcass weight (CCW), carcass
weight and EUROP grading for conformation and fat (CCW + EUROP), and carcass weight and VIA variables (CCW +

VIA)
Experimental steer dataset Commercial heifer dataset

CCW CCW+EUROP CCW+VIA