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Gcnctic and Economic Enaluation of Penistency in Dairy Cattle

J.C-Iv[ Del*ert', J. JamrozilC, J.H. ten Hag:, LR Schaefrer', .{. WeersinP
' Cawe for Gautic Impovemcnt of Livcsoe*, Depatunat of Anbnal and Poulty Stitt lct

' Depnncnt of Agriatlanl fuonomics and Bstsirro
Uninsiry of Guelpla Guzbh ON NIG 2W1, Catuda

Ahaa
Tcst day nodels with random gcuetic regressions on fuactions of dap in milk werc used to

cstinatc genctis psramclcrs for shapc of the lactation curve and to dcrrclop gpDctic e\raluatioDs for
persistenqy of lactation- A mcasurc that quantifies diftercntial yield betnecn day 60 and 2&) of
laaation was lcss correlated to 305-day yicld than otber measurcs of persistency and is rccommcnded
for geoetic enaluatioo- The impact of persistency on feed costs 3sd milk rctuDs was eyaluated and
fouDd to bc highly dependeot on lactatiori length atrd calving interral The ecouomic value of
pe$istengr was derirred uuder ao optimized insemination and culling stratesr, which resulted in an
averagc calving intcrv8l of 124 mont\ and was approximately SVo rclatfue to thc ecooomic valuc
of production The ccouomic value of persisteocy was alnost ripted when reproductive performance
was lowered to a level which resultcd in an sverage calving interrral of 13 nontbs. Consideration of
health and reproductive cosc will increase the economic value of pcrsisteocf.

Introductbn
Shape of the lactation cune of dairy cou,s is determined by genetic aod enviroomental facto6.

A lactatioo cuve paramcter that is of particular interest is persistency (Woo4 1964, which caq be
described as tbc ability of thc cow to maintain production following peak yiel4 Difrcrcnccs in
pcrsistency reduce accuracy of genetic evaluations, espe{ally when incomplete records are used (Van
Arcodonk et aL 1995). Howwer, persistcncy is also of direct economic importance (S6lkncr and
Fuchs, 1987). This paper presents resutts from research into genetic and economic aspects of
penisrcucy tbat is uaderway at tbe University of Guelpb-

Geoaic Aspecs
SchaeEer aod Dekkers (1994) proposed tbe use of random regression test day models for geoetic

analpis of production traits, which allow for genetic variation in shapc of the lactation curve in
aoallnis of t6t day yiclds The random rcgrcssion model used in tbe prescnt study for aoalpis of test
day records in Elst lactation was (Jamrozik and Schaeffcr, 1995; Jamrozik a al., 1995):

y* = IITD, + 9Q + FuXu + FJu + gJ+ + F.&i
+ yc + T#u + r#e + T#rr + r*K, + p, + e*

where y* is daily yield on test day I for cow j in herd+estday group i and calving in region-age-season
subclass k, IIID, is the fxed effect of herd-testday group i, Xd are functions of dap in nilk @IM;
Cxrr=Dltv{805'I:t=pIMB05f, xr=ln(305lDlM),andX-=613957pIM)), p.,arefixedrcgression
yeffic1e-ua within rcgion-age-season subclass k, Tq is a random genetic intercept for cow j, 1,,
(!=1,Z,S'C) are random genetic regression coeflicients specific to cow j, p, is a random enviroument
elrect common to all tcstdays of cow j, and e-* is a random environment-effecl specilic to y*

frl fc@Ao ol
In matrix form: Y = X.-brr- + Xp + W1 +Zp +g wirh: Var lpl = lO Iort 0 I,LcJ L0 o Ro.'l
where f. is a vcctor of 5 genctic effecrs per animal (yq, t,i, ta, tD and t.l), G is a matrix of geneiic-
(co-)variances among geuetic effects, A is the numeraior ietaiio*trip nairi:q R is a diagooafmatrix
with elements determincd by DIM to account for ditferences in residual variance by stagJof lactation
(29 classes), and or2 and o.2. are the variance of permanent environment and residuallffects"
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. (9*tsd*oe componcnts for thc abovc model urcrc obtained by Gibbs sampting from 5
lactatioo tcst day records on 6Jl5 Holstcin coua (Jamrozik ad schicffcr, r99f'. piametcr
rere uscd to derive cstimatcs of genetic paramctcrs for sgr'cral part laaation yiilds Cyr for i=
yicld during thc F lm drys of lactation, aad y, is 305day lactation yicld) are 

-in 
rauie i.

A totsl of 1,7/&211 6rst lactation tcst day rccords on 2,29330 l{olstcin coq6 were used for
cnaluation bascd on thc aborc model Oamrozjfr,a aI- 19$. Sirc solutions for lacretion crrm ner

-Grrrent breeding goals and geuetic oraluation qEtems arc based on standardizcd 305day I

gto0ugtiona lgdon rcgrcssion t6t day modets can increasc accuracy of genetic eraluations for
lsctation yicld but also provide geletic 

_er'{uations for persistcncy. Bccaic of its cconomic importar
Pctsistcncy must bc includcd as a trait iu the brecding goat Whin 305-day tactation yield is in;hdcd
the brccding goal the economic value of persistency nust Ue acrivca as thjcffect of penistency on
at const4nt 3!5-d_a-y production The economic value of penistency then consists of iour
components: the ctfcct of penisteocy on a) health coss; b) repioductive pcrformance; c) feed ccts;
d) rcturDs from nilk for given 305-day production

The contnibution of facton c) and d) to the economic vatuc of pcrsistcncy was quantifiea for]
production circuustanccs in Canada based on the bio-cconomic moaef derclopei by van Arendont i
(1985) and .ept"q by Rogen a al. (l9B) aad Dekken (181). Basic production aod econonic i
Parameters are in Table 2 Tbe Wood function (Wood, 1%?) rvas used to aescriUe lactation curvcs !
becausc of availability of parameters: y,=at'e1 I:ctation curve parametcn werc obtained froE t6t day:
data on C-nadiao Holsteils (Table 3). EEects of previous catviog intervat on production were a.couot"i t
for based ou Sadek aod Freeman (1992). Effects of days opeu in the curreni lactation werc isnored to l
avoid coofounding witb shape of the lactation curvc" A 2-month dry period was used" 

I

Rations were formulated to Beet energr requiremenrs wbite ma:dmizing dry matter intake Uasca on I
a roughage aad coDceDtratc componenL Encrgr rcquircmeob were based on Nitional Research Couao'l :

(1980). Maxinun averagc daily dry matter intake was determined by month of lactation based on agc- ,
dependcnt weig!! $D, avcrage daily nilk yietd g-), and fatVo (FZo) (OMAFF.A):

DI/IJ =0.24M + 0.0107w +.9685W.7t + 0.132y +.O49SyFVo 
I
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Tho fccding rcgimes wcrc considcred: I) a separarc ration was formutatcd for each cor which
maximizcd roughagc intakc; II) onty 3 rations were availablg with enerry dcnsities of 1.44, 156, aod 1.68

Mcal NE/kg dry matrcr, rad cach cow was fed the ratioo that dlowed it to meet energt requircmcnts
within its dly Eattcr intake capacity. Coq/s coDsumed Do more &y mattcr than to Eeet energl needs

Fccd csts and returos from nilk production werc computed for 15 production classes, which werc
defined as a pcrccotagc of the meao bascd on a normal distnibution of milk production ia thc hcrd (Vao
Arendont ana piitOuizcn, 1985), and for varying calving intennls (11 to 16 months). Di$ercnccs in
lactation production *erc nodcllcd by changiDg Parameter a of thc Wood function

The impact of a geoetic change in persisrcncy on fecd costs and returns f1s6 'nilk productioo per
lactation was evalMted by running tbc modcl for firrc sets of lactation cun c Parameters. Altertratirc
lactation curncs werc derived by fiaaing parameters D and c which rcsulted in a a05 or a1.0 pbenotypic
standard dcviation chaogc in persisrcncy paramcter P1 ftom the basg whilc keeping initial yield
(paranetcr a) and otal 305day yicld constanL Thc pbenogpic standard derdation of P1 was sct cqual
to .142 and was assumed to be coDstsnt scross lactatioDs, whicb is supported by empirical rcsults on
Caoadian Hotsrcins and by Sdllocr and Fucbs (Ua4. ParaEcten for varying levels of persisrcocy and
corrcspooding cbaogcs ia persistencl' measures P,, and Pe are in Tablc 3.

Tablc 4 sho/s the impact of penisteDcy on average fecd costs and milk retuns p€r lactation for coun
with a calving intenal of 11, 12, 13, or 14 montbs. Resuls shown are a weighted average of costs and

returos for each of the 15 production levels and apply to feeding strategr L For a calving interval of 12

months, beneEts from increasing persistency wcre entirely due to rcduced feed cosa (coDstsnt 305-day
yield). Feed costs were little affectcd by persistency in lactation 1 becausc of a higb base penistency in
first lactation For other calving intervals, persistency affected milk returns to a greater degrce tbaa fccd
costs (Table 4). Pcrsisteocy had a uegative effect on milk rcturns for short lactations aod a positive effect
for long lactatioDs (tabb a).

T imiting ratioBs to availability ofonly 3 rations (fecding strategr II) iocreased feed coats, but reduced
the impact of pcrsisteocy on fced costs compared to strategf I (results Dot showu) becawe of less

flexibility in formulating ratious" Witb strategr I" several rations fed to indMdual cows mnsisted entirely
of roughage. Reducingdry matter iotake capacity by 5Vo reduccd, rather than increased, the impact of
persisteDcy on feed coss (resuls oot shown). This is explained by the fact that, although reducing dry
matter intake increased eoerSr density of the ration throughout thc lactatioD, increasiug penistency
reduced energr density of the ratioo in early lactation but had an oppositc efiect in later lactation

Results in Table 4 show that the economic benefit of incrcasing penisteocy depended highly on
lactation lengt\ which is, in turn, determined by reproductive performance and by the insemination and

culling strategl. To derive the economic vatue of persistency under an optinized insemination and culling
stratesf, results from the bioecouomic model were used in thc dynamic programming model of Van
Arendonk and Dijkhuizen (f985). The economic value was determined as tbe effect of a change in
persistenry on annualized profrt cxpected from an average replacement heifer. An interest rate of 57o

and a planning horizon of 15 ycan was used- Resul8 are in Tablc 5 which, besides resuls for the bas€

situatioo, atso shoun results for a 507o incrcasc or decrease in reproductive performanc€ to illustrate the
impact of average calving iutewal

Increasing pcnistency by 0J phenotypic standard deviations, which is equal to one geDetic standard
deviation, assuming a heritability of 0.5, increased annualized profit by C$7.6 (fable 5). In comparison,
increasing production by one genetic standard deviation (800 kg ME nilk with constaDt fat and protein

n
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%) increased auuatizrd profit by $r,f0. Thc effect of pcrsisrcncy on profit was nonrinear and incn
yitu Jcrrct of pc-rsistcncv iTabtc i). Th; ;fi;;il;i;rsistctrcy u/as rcduccd by t2% wM3 rations uerc fed Gtrateg tr).

The rclatircty to'p economic value of pershte'cy in tbc base situation is duc to an averagc (

H::Tt:t_t:IT^111..:,"tu.*9er thi optiniz& 
"u[in! "na 

in e.ination strut"sr, *;i.h i
9^_q Fjn,'.s".ffi:.T*-.ot of aroundi3 ,ootu oG"oa;-p#;il;il";;. "nT;!11t f^gTlFpt"d whcn reproductivc pcrformancc was riduccd by s0% (fablc 5)rEsurrJcs rtr ar opr!'r'!?cd arcragc.calving inteffal of 13.0 montbs. With high ,elroauaive perfo,

I"*#J:Pj,::311:y:{qry3i.in.pcrslsrcncy in-lrweo net rctums (rabte 5). rhc rcatving interval was less than 12 montbs in tl'at situatirin-

. ho.Ttg p.Tisrcncy gencrally had a small effect on calving iotcrvals, whicb is illustrated b l
1^T$-f.T--TLlactagiols with hie-h pe.rsistency- iu which cas a delay irr m ntriio".rnio"ton

ffi fl?'ii jff $f"fffiff":ro;h:*,."9.mn:'nai"S-r'r"-""T,'r.ililr
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ntBIE L Estimous of gcrutir. conebtiorls (below diagotul), Iuntab itics (on diagmal), conlatiors
btween estittutel b,eening valucs for sirr;s wik at least 10 dau$ttar (abot e diagonal), and standard
dg]'iatiotls of trE (SD 84 and .stinuu beedins valucs (SD EBD lor milk yicW and Penistercy.
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Price of roughagc,/concentrate (C$/kg dry matter)
Average matue equivalent 305day milk productioo (kg)
Mature equivalent faVprotein conte (Vo)
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Price of 24 month replac€melt heifer (C$)
Average probability of couccptioo after insemination (7o)
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