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ABSTRACT

The objective was to determine whether moddafsteinorigin dairy cows when managed
within grasslanebased systemgartitionred more feed nitrogen (N)nto milk and excreted
less in manure, in comparison to earlier population of Holstetorigin dairy cows.Data

used werecollated from total diet digestibility studies undertakerNorthern Ireland from
1990 to 2002(old dataset, n = 538) and from 2005 to 2019 (new dataset, n = 476),
respectively.An analysis of variancendicated thatcows inthe new datasgpartitioneda
significantly higher proportion of consumed N into mélkd excretec lower proportion in
urine and total manurecompared to cows in the old datasktsecond analysisisingthe
linear regression revealed that in comparisorthe old datasethe new datasétad a lower
slopein the relationship between N intake and N excretion in udn#tal manure while a
higherslopein the relationship between N intake and milk N outputhird analysis used the
combined data frm both datasetdo examine if there was a relationship between
experimental year and Mtilization efficiency. Across the periodrom 1990 to 2019, urine
N/N intake and manure N/N intake significantly decreased, while milk N/N intake increased.
These rest$ indicate that moderhlolsteinorigin dairy cowsutilize consumed N more
efficiently than earlier populations. Thus, N exooetiis likely to be overestimatedrnfiodels
developed fromthe old data are usedto predict N excretion for modern dairy herds.
Therefore,the final part ofanalysisinvolved using thenew dataset to develop prediction
models for N excretiobased o\ intake and farm level data (milk yield, live weight and
dietary N concentration). Thesgdatedmodelscan be used testimate N exetion from

modern Holsteirorigin dairy cows within grasslanebased dairy systems.

Keywords: Grasslanebased systeprHolsteinorigin cow, Manurenitrogen Milk nitrogen,

Prediction equation
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Abbreviations:

AFBI, Agri-Food and Biosciences Instityt®NOVA, analysis of varianc&;P, crude
protein;DIM, days in milk;DN, diet nitrogen concentratipPM, dry matter;DMI, dry
matter ntake ECMY, energy orrected milk yieldEU, Eurgpean UnionFG, fresh grass
GS grass silageLW, live weight;ME, metabolizable energylS, maize silageN, nitrogen;
NDF, neutral detergent fibeNlI, nitrogen intakeRMSPE root mean square predictienror,

WCW, whole cop wheat silage

3!



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

1. Introduction

The loss of itrogen (N) from livestock productionsystemscan have a significant
environmental impac{Tamminga, 1992; Yaret al, 2006) For example,N losses to
waterways can cause aquatic eutropivca N emissions asiitrous oxide canlead to
stratospheric ozone depletion andgtobal warming, while ammonia deposition on sensitive
ecosystems can result in terrestaatrophicatiorand soilacidification (Asmanet al., 1998;
Hoekstraet al,, 2020. While dairy cows heae alarge requirement fax, with dairy cow diets
typically cantainingcrude protein (CP) in a rangetween 16@nd180 g/kg drymatter(DM)
(Webster, 2020) much offeedN consumeds in excess of what aningatan utilize, and is

excretedin fecesand uine (Huhtaneret al, 201Q Powellet al., 2017%.

Ureacompiises betweeb0% and90% of total N in urine of highproducing dairy cowsand
this urea is rapidly converted to ammonia, which is lost by volatilization vidwezs and
urine mix Bussink and ®@nema, 1998; Hristoet al, 201). In Europe,approximately75%
of ammoniaemitted to the atmosphere can be attributed to livestock prodyEfting et al,
2020). Accurate predictiogof the environmental impacft tivestock productin systemgfor
exampe, for estimating N volatilization, leaching, raiff, and emssior), require N excredn
from individual animals or groups of animats bequantified with reasonable accuraend
this is normallyobtained from having an accuraddimate of Nintakes ad N utilization
efficiency. A number of prediction modelsave beendevebped to predict N excretiom
fecesand urinefrom dairy cattle(e.g.,Wilkersonet al, 1997;Yan et al, 2006 Reedet al,

2015.

The N utilization efficiency of dairy cows carbe influenced byboth dietary andanimal

factors,with diet quality (especially Nconcentratio) and cow genetic meriikely to have a
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significant effect on the efficiency with whidtietaryN is convertednto milk N (Ferris et
al., 2018; O'Sullivan et al., 2019. During the last 20 yeardairy cow genotypehave
improved considerablgue tosire selection programs in most counties now focusing on both
functional traits (ey., fertility, health) and production traits.¢g, higher yelding cows with
the ability to partition a greater proportion of nutristimito milk and less intdody tissue$
(Ferriset al., 2018 Dernoet al, 2019) For examplethe averageannualmilk productionin
thenational dairy herd dNorthern Ireland in@ased from @00 kg/y in 2004 to 7620kg/yr

in 2018 (Department of Agriculture, Bfronment and Rural Affajr 201§. These
improvement in cow genetic merit requidairy producerso offer cowshigherquality diets
So as to meet their higher nutrienqueements However,this may pose a great challenge for
dairy producersn the Eurgpean Union EU) countries due tothe implementation ofhie
Nitrate Directiveprogramin the EU in 2000sthat restrics applicationratesof organic and
inorganic N to agrcultural lands forcing the dairy industry to adogtalanced diets with
redued N input. These factorsanobviouslyinfluence the Nutilization efficiency of dairy
cow production However, there is little information available to systematically evalifate
modern Holsteirtorigin dairy cows managedwithin grasslanebased dairy systemgan
utilize N more efficientlythan earlier populations of Holstehorigin dairy cows Therefore
the presenstudyusedthe analysis ofvariance(ANOVA) and linear regresan techniques to
exanne if the N utilization efficiency of dairy cowdliffered within two dairy cowdatasets
which were collated from total diet digestibility studies undertakehe AgriFood and
Biosciences InstitutéAFBI) of Northern Irelandrom 1990 to 2002, androm 2005 to 2019
respectively The latter datsset wasalso used talevelop prediction equations for N excretion
for modern dairy cow productioffhe division ofthe year gap between the two datasets was

due to the implementation of tli#J’s Nitrate Directive pogram in Northern Ireland in 2005
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2006 This progam restricts application rates of N fertilizers to agricultural lands that

consequently forces the dairy industry to reduce N input for dairy production.

2. Materials and Methods

2.1.Animal Diet and Digestibility Measurement

Two N utilization datasets$or lactating dairy cowsvereused in the present studiyata within

each having beetollated from total diet digestibility studies undertakeAFBI in Northern
Ireland The first daaset comprised dataom experiments undertaken betweBd90 and

2002 6 = 538), while the second dataset comprised data from experiments undertaken
betweer2005and2019 (n =476). Hereafterthesedatasetarereferredto asthe ‘old dataset

and the ‘new dataset, respectiely. The new dataset was also used to developigiied
equations for N excretion for modern dairy cow productiime old dataset represents data
collected prior to the implementation of tB&)’s Nitrate Directive inNorthern Irelad in the

form of aNitrates Action Program in 20€2006.

The information omumbers ofexperiments, treatmentand cows, orcow genotypesand
forage typesffered within each of the twdatasets are presented in Tablédata onmilk
production feed intake, N intake andutputs and N utilization efficiency, within the 2
datasets are presented in Tabldg&fore commencing the digestibility trialall cowswere
housed infree-stall cubicleaccommodatiorand offered experimental dietsl libitum for a
least D d. Thereafer, all cowswere transferred tametabolism unitfor a further8 d. During
this time £al intakewasrecorded dailywhile samples oforages and concentrageoffered
were taken dailyand analyed for chemicalcomposition Fecesand urine were collected
separately and sampled daily during final 6 din the metabolism unit to allow total ration

digestiblity to be determinedDetails of fecesand urine collectionfeed samplingand
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123 methods used for analysis of fedegcesand urire samples were as de#ed byYan et al

124 (2006) Milk yields were recorded daily with milk samples taken during both morning
125 (starting at 0500 h) and afternoon (starting at 183tilking during the 8 d in metabolism
126 units. Fat, protein andlactose concentrations of milk samles wereanalyzedusing the
127 methods decribed by Yaret al (2006). Live weigh{LW) was recorded on the first and last
128 d in the metabolism unitAnimals had free access to water throughout the whole
129 experimental period.

130

131 2.2.Statgtical Analysis

132 Dataanalysis was conducted using Gens#git adition (VSN International, 20). The two

133 datasetge.g.,feed intake, milk production, N intake and output, and N utilization efficiency)
134 werefirstly compared using ANOVAwith the effects banimal [LW, milk yield, parity,

135 days in milk(DIM), days h pregnanclyand dietaryforage proportion and concentrations of
136 neutral detergerfiber (NDF), CP and metabolizable energy (MEJhctors removed, where
137 appropriateLinear regression analysigas then used toelatad total N intaketo N output in

138 feces urine or manureyith the objective to evaluate if themassignificant difference irthe

139 slopes (with a commorintercep} between the two datasetdd data vsnewdata), or if there
140 was any mgnificant differencein the intercepts(with a common slope The relationship
141 between each response variable and each explanatory variable was fitted as a linear mixed
142  model using theesidual maximum likelihooREML) commands. Diets and animals within
143 experiments were fitld as random effects in all models, and the explanatory variablaswas
144  the fixed effect. Additional combinations of covariates, when appropriate, were also fitted as
145 supplementary random effects for evaluation ofitNization efficiencies, which included
146 milk yield, parity,DIM, days in pregnancy, dietary forage propartiand dietary contents of

147 NDF, CP and METhe significance or otherwise of fixed effects was assessed by comparing
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a Wald statistic against the appropriatdigtribution. If any of addional fixed effects was

not significant P > 0.05), then it was remved from the analysis and the model was refitted.
Several different models were fitted to each pair of response/explanatory variables in turn.
First, a single line wafitted for all two datasets, and then two linear relationships using the
two datasetso{d vs. new datasets) were developed to compare the two slopes (with a
commonintercepj or the twointercepts(with a common slope). For the lattsvo models,
pairwise differences betwea different intercepts or slopes were also calculated if the main
effect was significant using the Fisher’s least significant difference test. Finally, an
assessment of the goodneddit of each model was made by calculatiagpseud R?
(calculated in ach case as the square of the correlation of the fitted valued ieomddel

with the observed values for the response varjaBlghird analysisinvolved examiningf
therewas a linear relationship between experimental year andaltitipning rates for milk
productionandmanure N excretigrusing the combined dateithin the old and new datasets
Random effects were taken into account for each madguding expermentand animal
(LW, milk yield, parity, DIM, days in pregnancy)nd dietary (forage pmportion and

concentrations dfiiDF, CP and MEfactors

Since the abive comparisamdemonstratedhat thenew dataset had a significantly higher N
utilization efficiency than theld dataset, theewdataset was then used to developrege of

new modeldor predictingN excretionfrom ‘modern” dairy herds. These new mogé€linear

and multiple regression models) were developed, using the REML variance components
analysis, to predict N excretion ifeces urine or total manure using Mtake or a
combinaton of LW, milk yield and dietary N concentration as explanatory Vdes
Randomfactors,including experiment, trial year, forage type, breed, parity i, were

fitted into each model with the objectieéremonng theeffects ofthese random factofeom
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each relationshipThese new equations were evaluated throughindégrnal validation
exercise, by dividing the whole new dataset @€) into two subdatasets, i.etwo-thirds of
data (n =317 vs. onethird of data (n =159. The selection was bed on individual
treatments/periods within each study, which enstihes each sudlataset had a similar
presentation of data variatiorss the whole dataset. Thisvo-thirds of data were used to
develop similar prediction equationsttmse developed usirthe whole dataset. These new
prediction equations were then evaluhtssing theonethird of data.Prediction accuracy of
relationshipsvas examined using thheot meansquare prediction errdRMSPE),which is

definedbelow (Equationa):

RMSPE =

[a]
WhereP; or A is the predicted or actual dutput;n is the number of pairs of values@fand

A compared.

3. Results

3.1. Comparison ofCow Rerformance andN Utilization Data betweenthe Old andNew
DatasetdJsing ANOVA

In comparison d the old datasetcows inthe new dataset had higher milk yiel&nergy
corrected milk yield ECMY) and DIM, but lower LW @ < 0.00% Table 2) Daily forage
DM intake (DMI), concentrat®MI and total DMI were 0.7 kg, 1.1 kg and 1.8 kg highek(
0.001), respectively, inthe new compared to theld dataset, butliets offered inthe new
dataset had a lower forage proportiéh=0.015). Diets in he dd dataset had emean CP
concentratiorof 0.011 kg/kgDM higher thanthose inthe new dataset P < 0.001),while

mean diet ME concentration was identical between the two datasets.
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196

197 Cows in he rew dataset had greaterN intake (P = 0.015) and onsequentlyhigher (P <
198 0.001)fecesN output,milk N output and retained bhanthose intheold dataset, whil¢hose
199 in theold dataset had higher (P < 0.001)urine N output and manure N output. Nitrogen
200 losses from urine and manure, when expressed as a proporticcoosumedwere lower P
201 < 0.001) for cows in thenew thanthe old datasetbut fecesN, milk N andretained N as a
202 proportion of N intake were highel & 0.001)for those inthenew dataset.

203

204  3.2.RegressiorAnalysisof N Utilization Data betweerthe Old and NewDatasets

205 The linearregression technique was used to deterniinthere weredifferencesin N
206 utilization efficiency betweenthe old and new datasethroughthe comparison ofslopes
207 (with a common intercept) or intercepts (with a common slope) in edcbf $ke linear
208 relaionship between N output and N intakéhe esults for comparison daflopes (with a
209 common intercept) are presented in Tabknd Figure 2FecesN, urine N, manure Nmilk
210 N andretained N wereachpositively andsignificanty (P < 0.05) related to N itake with
211 R? values ranging from 0.517 to 0.905 (Eda[to [5h]). With a common interceptn
212 comparison tahe old datasetthe new dataset had greaterslope in the relationshipf N
213 intakewith fecesN ([14] vs. [1b], P = 0.037) milk N ([44 vs. [4b], P < 0.001) and retained
214 N ([54 vs. [Bb], P = 0.009) but a lowe slope in relationshipf N intakewith urine N (&
215 vs. [2b], P <0.001)andmanure N (B4 vs. [3b], P < 0.001).A similar result for comparison
216 of intercepts (wih a common slopejvas also obtained Table 4). With a commonslope
217 intercepts derived fra relationships of N intake witfecesN ([6d vs. [6b]), milk N ([94] vs.
218 [9Db], P =0.011) and retained N (Q&] vs. [10b], P = 0.035 werebiggerin the new than a
219 dataset, whildhe new dataset had a lower intercept in the relationship wvitte N ([7d vs.

220 [7b], P<0.00) andmanure N (84 vs. [8b], P < 0.00).

10



221

222 3.3.Relationships between Experimental Year ardtiNzation Using the Combined Data

223 The third @aluation was underkan to examine if there was any relationship between
224  experimental yaaand N utilization efficiency using the combined dafieom both old and
225 new dataets The results are presented in Table 5. The result revealed a negative refationsh
226 betweerexperimenrdl yearand bothurine N/N intakeandmanure N/N intakeanda positve

227  relationship with milk N/N intake.

228

229 3.4.Prediction Equations for N ExcretiddevelopedJsingthe New Dataset

230 Since the above evaluation indicates thaidern cows’ in the new dataseanutilize diet N

231 more efficientlythan cows in the old datasetrangeof updated prediction equations for N
232 excretion for modern dairy productiavere developed usintipe new datasetTable6). The
233 relationships between N excratiand Nintakearealso presented in Fig. 1. All relationships
234 were significantP < 0.0QL), and each predictor had a significant effecttte relationshipH

235 < 0.001). Nitrogen intake is a good predicddiN excretion in urine and manure%R 0.783
236 and 0.833, respective)y although the Rvalue (0.684) for prediction diecesN output is
237 relatively low. AsN intake dataare not always available, especially commercial farms,
238 farmlevel data(ECMY, LW and dietN concentratiopnwere also usetb devéop prediction
239 equatons The R values were 0.774 and 0.779, respectively, for predictidv excretion in
240 urine and total manure, although tRé valuefor prediction offecesN outputis relatively
241 low (R?= 0.593).

242

243 These updated equations were esgt#d throughan intenal validation exercis€Table7). All

244  equations produced a mean petetd value that is close to the mean actual data in the

245 prediction of N excretions ifeces urine and total manurdll predictions had a relatively
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small RMSPE In addition, irm leveldata (ECMY, LW and diet N concentratioodn be
used topredictfeces N and urine N outputs with a similar accuracy to those predicted using
N intake, in terms oRSMPEand SE values although prediction of manure N output had

margindly higherRSMPEandSEvalues wherpredictedusing farm level data.

4. Discussion

The pesent study was designed to evaluate the effects of dietary N inputs, and genetic
improvements within the Holstein dairy cow population, on N utilizagfficiency for milk
production ad N excretion rate in manure. Within tB&, pressure timprove N utilization
efficiency has been driven in part by the EU Nitrates Directive which was designed to reduce
N losses of agricultural origin to waterways (EU, 1991), al a® concerns abowglobal
warming, and the impact of ammonia on sensitivbitats. The two datasets used ire th
presentstudy were obtained from studies undertaken BBIAiIn Northern Ireland and
involved dairy cows of the Holstein breed (including $eih crossbreds), fdred
predominantly grass silage based diets. Howegeasslanebased systems in Mrthern
Irelandhave much in common with systems adopted in many other grassland regions of the
world, including western parts of tHenited Kingdom, Republic of Ireland and much of
Northern Europeln addition, the AFBI herd is bred entirely by artificinsemination, using

high genetic merit sires sourced globally, and as a result is genetically similar to many high
producing Holstein herds throughdhe world. Thus the icomes of te presenstudy has

applicability beyond Nrthernlreland

4.1.NitrogenUtilization Efficiency
The presenstudy indicates thatmoderndairy cowsutilize feed N more efficiently than

previous dairy cow populatiorfever15 years agp In conparison with the old dataseipws

12



271 in thenewdatasetitilized a higherproporton of N intakefor milk production andexcreted a
272 lower proportionof N intake in urine and total manureA linear regression between
273 experimental year ahN utilization effidency data involving the combined old and new
274 datasets demonstratedsignifican reduction in the ratios of urine N/N ifki® and manure
275 N/N intake and a significant increase in milk N/N intakger the last two decadeBhese
276 resulsimply that with lower diet N inpus, moderndairy herds camaintaina similar milk

277 productionand excrete less N in manyrgshen compared to those over 15 years dgo.
278 addition, t is worth noing thatcows inthe new dataset da considerably loweproportion

279 of urine Nover N intake. The reductiom urinary N excretionis likely to help reduce
280 ammonia loss to the environment, with potentially beneficial effects on air quality and
281 biodiversity in sensitive habitats

282

283 Many dietary, animal and managent factors can inflence Nutilization efficiency of dairy
284 cows (ARC, 1980). Perhaps, the most imtaiot factor isto feed dairy cows balanced diets
285 which synchronize thesupply of degradable N and fermentable energyojimize rumen
286 microbial activity and milk production The oversupply of degradable N can cause the
287 excessiveammoniain the rumento be absorbed into bloodstream and excreted in urine as
288 urea(Burgoset al, 2010) In the present studyhe higher N utilization efficiency derived
289 from thenew vs. old datasebuld be attributed to lowelietaryCP concentratiasin the new
290 datase(0.174vs. 0.183 kg/kg DMP < 0.00), because dietary ME concentration in the two
291 datasets was identical, although the new dataset had a slightly lower thesas proportion
292 (0.554 vs. 0.579 kg/kg DMP = 0.0®). The statisticalanalysis of the present twdatasets
293 found that thenew datasetad lower ratie of urine N and manure N over N intalkathough
294 fecal N/N intake was higher in the new dataséthe linear regression analg using the

295 combined data of the present new and old datasets also #osmdlar result (Fig. 3).
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Increasing dietary CP concentratiosignificanty increased\ excretionratesin urine and
total manurebut decreasedecal N outputrate (P < 0.001) Although here is no comparable
publication using data collated from a range indival total diet studies undertaken at
different periods of years there are a range of individual studies of dairy cavisch
obtained similar results tine present studyzor example,Broderick (2003) found a reduced
urine N from 0.362 to 0.238 g/§ but increasedfecal N (from 0.296 to (103 g/g) as
proportion of Nintakein lactating dairy cowsffered diets containindietary CP varied from
0.135 to 0.194 kg/kg DM. Hristov et al (2004) reported that increased dietary CP
concentration resulted in deased efficiency of conversion of dietary N into milk protein
and less efficient use of ruminal ammohigor milk protein synthesesvith excesdargely
lost through urinary Mexcretion.Increasing dietar€ P concentratioawere found to increase
dilution of metabolicfecal N, and increaseN digestibility, and alsoincreaseurinary N
excretion (Marini and Van Amburgh, 2005)In addition, reduceddietary NME and CP
concentratia have been reported to improMeutilization efficiency with less Nexcretedn
urineof dry cows(Stergiadiset al, 201%). The reduction of N excretion in urine implies less
ammonia emissions from daipyoductionsystemsas urinay urea can be rapighydrolyzed

to ammonia by the urease enzyme in less than 24 h in grazings@Peterl, 1998) and
confined animals (James al.,, 1999). Franlet al. (2002) found, on average, a 2/3 decrease in
ammonia release to air from manuredairy cowsoffereddiets containing CP of 0.140 vs.
0.190 kg/kg DM without significant effect on rkiproduction.These findingstogether with
the presentresult indicate that manipulating dietaP concentration could be an effective
strategy to impree N utilization efficiency ad reduce N excretioand ammonia emissions

in dairy cow production
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320 The increase iN utilization efficiency observed with the moderdairy cows in the new
321 dataset malso be due tothe continuous improvement in cow genatierit over time
322 Indeed, cow genetic meritexpressed a&Profitable Lifetime Index 2018 base yeprof
323 Holsteincowsin AFBI dairy herd from whichdairy cows used iexperiment®f the present
324 study were selected, improvdry £23.3per year from 1993 t@017 (Fig 4). Profitable
325 Lifetime Index, a composite financial index used within the Wi€Judes mik production
326 and a number of other functional traits including health, fertility and longeS#iecting
327 sires on the basis of Brofitable Lifetime Indg has also improvedhé milk production
328 potential of the herd, resulting in cows with higher nutrieguirements to meet their greater
329 energy demand for milk productiomcreasing the level of feeding can increase the rumen
330 outflow rate and leave lessme available for rmen microbial activity, thus reducing protein
331 degradabilityin the rumenand congequentlyN excretion in urinelndeed,in a study to
332 evaluate the effect of cow genetic merit on the production efficichesis et al (1999)
333 found tha high merit cowshad higher DM intake and milk production but lower urine N
334 output as a proportionf & intake whencompared witHhow merit covs. Yan et al. (2006) in
335 a metaanalysis of a large digestibility datet,reported a reduced ratio of maniNAN intake
336 with increasing milk yield from <15, 1880 to >30 kg/d.Chenget al. (2014) reported a
337 postive relationship between btilization efficiency and cow’s genetic merits when fed with
338 freshlycut perennial ryegras®n the other handhigh genetianerit cowswere foundo have
339 the ability to partition morautrientsinto milk and less into body ssie than medium or low
340 genetic merit cows (Agnew and Yan, 2000; MehtiSal, 2018). Gordonet al (1995)
341 demonstrated that high genetic merit cows peedu6.60 and 8.25 kd/more milk and
342 partitioned13% and 8% more consumed N into milk, respectivelfgen compared with
343 medium and low genetic merit cowshese resultsndicate that high genetic merit cows

344  utilize feed N for milk production more efficienly than lower geneti merit cows
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Consequently, moderdairy cows can excretelessN in fecesand urne, perkg of standard

milk.

4.2.PredictionEquations for N excretion

The present study revealed thabderndairy cows had a higher dtilization efficiency than
previouspopulationsover 15 yearsaga Thus using equations developed using ditam
studies undertaken over 15 years ago may -@vedict N excretions ifiecesand urine for
moderndairy cows.Therefore two sets ofupdatedpredicton equatons for fecal N, urinary

N and manure Nvere developed usinthe new datasetn the present studyOneset of
equationss based on Nntakeandthe otherbased orfarm level datal{W, milk yield and
diet N concentration)Nitrogen intake has been found ke a betterpredicta of urine N
(Reed et al., 2015) and manure N output (¥aal, 2006) tharfarm level data (e.g.-W or
LW and milk yield) in both dairy cows and beef cattle (pet al, 2014; Jiacet al, 2014;
Reedet al, 2015). Inthe present tudy, using Nintakeas a single predictor fdecal N, urine

N and manure N output producessponsesvith relatively high R values (0.684, 0.783 and
0.833, respectively)These values ammparable to thosa young Holstein steer and heifer
offeredgrass silage (0.75, 037and 0.86, respectivelyiaoet al, 2014) but higher thamthose
in nonpregnat cowsofferedfresh grass (0.50, 0.61 and 0.60, respectively; Stergghdik
2015b),andthat (0.78) of relationship betweeniihtake and manure N wiput (Kebreabet
al., 2001) using a small dataset of lactating dairy cdsusceinformation onN intake is not
always available, especialbn commercial farmsa range of prediction equations using farm
level data (LW, milk yield and diet N concentrafjowvere also developein the present
study. Although thé?? value(0.593 for prediction offecesN output was relatively lowthe
R? values for prediction of urine ND(774 and manure N Q.779 are comparable to those

derived in the current studysingN intake as the predior. The present internal validation

16!



370 also demonstratedhat using these farm lels data could produce a relatiyeaccurate
371 prediction of N excretion irfeces urine and total manurewhen compared with those
372 predicted using N intakélThese equations primle a useful tool to estimate N excretion
373 fecesand urinefrom Holsteirorigin cowsin commerciagrasslanebaseddairy systems

374
375 5. Conclusion

376 The present study showed thiiile modern Holsteinorigin dairy cows managed within
377 grassandbased systemsutilized consumed diet N more efficienflypartitioning more
378 consumed N into milkrad less into urine and total manutbanearlier Holstein populations
379 The increasdn N utilization efficiency not only improves the economical retuondairy
380 producersbut also reducedN losses to the environment airates, ammonia and nitrous
381 oxide In addition,the present study developed a range of prediction equations for manure N
382 excretion using data collated fromoderndairy cows, which provie a useful tool for lie
383 Holsteinorigin dairy producers to mitigate N excretiamder grasslanebasedfarming
384 conditions
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Table 1. Information on experiment, treatment, cow breed and forage types in the old and new

datasets of dairy cows used in the present study

Old dataset New dataset

Years of experiments 1990-2002 2005-2019
Number of experiments 25 14
Number of treatments 134 74
I(;I;;nber of individual cow 538 476
Cow breeds

Holstein-Friesian 509 357

Others' 29 119
Forage types” GS, FG GS, MS, WCW

" Including Holstein crossbreds, Norwegian and Swedish Red.

% GS = grass silage, FG = fresh grass, MS = maize silage, WCW = whole crop wheat silage
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Table 2. The ANOVA comparison of AFBI dairy cow digestibility variables using data obtained

between 1990 and 2002 (old dataset) and 2005-2019 (new dataset)

Old dataset New dataset SED! P-value

Number of cows 538 476 - -
Animal data
Lactation number 2.9 2.5 0.11 <0.001
Days in milk 154 170 4.7 <0.001
Live weight, kg 565 550 4.5 <0.001
Milk yield, kg/d 21.3 23.6 0.46 <0.001
Energy-corrected milk yield, kg/d 21.7 24.0 0.44 <0.001
Feed intake and composition?
Forage DMI, kg/d 94 10.0 0.19 <0.001
Concentrate DMI, kg/d 7.1 8.2 0.22 <0.001
Total DMI, kg/d 16.4 18.2 0.20 <0.001
Forage proportion, kg/kg DM 0.585 0.554 0.0112 0.006
Diet CP concentration, kg/kg DM 0.183 0.174 0.0017 <0.001
Diet ME concentration, MJ/kg DM 12.1 12.1 0.06 0.96
N intake and output, g/d
N intake 484 506 8.0 0.006
Feces N output 141 159 2.3 <0.001
Urine N output 208 178 4.4 <0.001
Manure N output 349 337 6.0 0.045
Milk N output 108 127 2.3 <0.001
Retained N 27 42 2.6 <0.001
N utilization efficiency
Feces N/N intake 0.296 0.321 0.0034 <0.001
Urine N/N intake 0.428 0.348 0.0051 <0.001
Manure N/N intake 0.723 0.669 0.0047 <0.001
Milk N/N intake 0.226 0.252 0.0035 <0.001
Retained N/N intake 0.050 0.079 0.0051 <0.001

IStandard error of the difference.

2DMI = dry matter intake, DM = dry matter, CP = crude protein, ME = metabolizable energy
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Table 3. The linear regression analysis (with common intercepts) of N utilization efficiencies of

dairy cows using data obtained between 1990 and 2002 (old dataset) and 2005-2019 (new

dataset)
Equation '
2
Variable Slope Intercept R P-value  Eq. No

Old dataset g oogn=  0-2700omNintake s 0 0816 0037 12
New dataset 0.285(0.009) N intake 1b
Old dataset Urine N = 0.4070.018) N intake 1171 0832 <0.001 2a
New dataset 0.333(0.017) N intake 2b
Old dataset Manure N = 0.673(0.015) N intake 1257006 0905 <0.001 3a
New dataset 0.6140.014) N intake 3b
Old dataset Milk N = 0.102(0.0077) N intake 1 61.0126 0884 <0.001 4a
New dataset 0.1280.0077) N intake 4b
Old dataset Retained N = 0.221(0.0141) N intake _83205, 0517 0.009 5a
New dataset 0.250(0.0146) N intake 5b

"Values in subscript parentheses are SE.
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Table 4. The linear regression analysis (with common slopes) of N utilization efficiencies of

dairy cows using data obtained between 1990-2002 (old dataset) and 2005-2019 (new dataset)

Equation !
2
Variable Slope Intercept R P-value  Eq.No
+
Olddataset g coN= 0275009 Nintake 00659 o816 0035 0
New dataset + 18.3(9.10) 6b
+
Olddataset ;o oN= 038000 Nintake 222020 g8 <0001  '®
New dataset - 9.5(13.9) 7b
+
Old dataset  \r lire N= 0.656000 Nintake 21209 0904 <0001 o
New dataset + 7.7011 8 8b
Olddataset  y\py N=  0.012000y Nintake °77020 g8 o011
New dataset +66.2(12.9) 9b
Old dataset  poained N=  0.2330015 Nintake =~ 0039 o516 0035 108
New dataset - 74.8(14.3) 10b

'Values in subscript parentheses are SE.
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Table 5. Relationships between experimental year and N utilization using the combined data

(from 1990 to 2019, with 1990 defined as year 1 and 2019 as year 30)

Equation '
R? P-value Eq.No
Variable Slope Intercept
Feces N/N intake 0.0010(0_0002) EY + 0.294(0_0()33) 0.116 0.131 11
Urine N/N intake - 0.0043(0,0004) EY + 0.449(0_0050) 0.419 0.001 12
Manure N/N intake - 0.0032(0_0003) EY + 0~743(0.0046) 0.451 <0.001 13
Milk N/N intake 0.0021 (0.0002) EY +0.21 3(0.0033) 0.238 0.025 14

"Values in subscript parentheses are SE; EY denotes experimental year.
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Table 6. Predictionof N outputof dairy cows using total diet digestibility data (n = 476) collated

from AFBI experiments undertaken from 2005 to 2019

Equation$ R? Eq. No
FecalN output (g/d) =
0.2260.012)NI + 47.Q12) 0.684 15a
0.0940,022)LW + 2.640.23) ECMY + 1.640.40)DN + 1.2175  0.593 15b
Urine N output (g/d) =
0.3660.018)NI — 10.117.9) 0.783 16a
0.2070.029)LW + 1.150.34) ECMY + 9.27062 DN — 212.334 0.774 16b
Manure N output (g/d¥
0.5940.019) NI + 36.712.9 0.833 17a
0.6650.018)NI 0.833 17b
0.2770.040)LW + 3.680.45)ECMY + 11.32081)DN — 206.9425) 0.779 17c

Values in subscript parentheses are SE. DN = diet N concentigitigrDM; ECMY = energy

corrected milk yieldkg/d; LW = live weiglt, kg; NI = N intake g/d
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Table 7. Internal validation- evaluation of prediction accuracy for N output of dairy cows usmgthird of the present data and

equations developed frotwo thirds of the present data (data collated from studiesrtak@a at AFBI from 2005 to 2@)

. N output g/d Predicted- actual N outputg/d
Predictors - > — -
Predicted Actual R RMSPE SE Mean SD Minimum Maximum
Prediction offecesN output g/d
N intake 161 159 0.48 2.05 174 2.44 233 -67.1 65.2
LW+ECMY+DN 159 159 0.40 2.20 17.8 0.17 251 =717 54.1
Prediction of urine N outpug/d
N intake 175 179 0.49 3.87 28.1 -4.76 439 -124 93.6
LW+ECMY+DN 186 179 0.56 3.65 27.3 6.97 41.0 -116 89.4
Prediction of manure N outpw/d
N intake 337 338 0.72 361 340 -1.52 41.1 -120 96.7
LW+ECMY+DN 347 338 052 4.72 38.7 8.71 53.1 -137 128

DN = diet N concentratiarg/kg DM, ECMY = energy corrected milk yieJdkg/d, LW = live weight kg, RMSPE = root mean square
prediction error
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Figure 1. Relationships between N intake and N excretion using data of dairy cows collated
from experiments undertaken at AFBI from 1990 to 2@d@ dataset, A) and from 2005 to

2019 pew dataset, B)
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