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ABSTRACT

The fer ti li ty of high yiel ding dai ry cows has been de cli ning over the past 25 ye ars. Se ver al stu dies have

clear ly de mon stra ted that the re sump ti on of ova ri an ac ti vi ty has been re tar ded and that con cep ti on ra tes

have drop ped sig ni fi cant ly from 55 to 40%. Accor ding ly, the cal ving in ter val has in cre a sed from about 385

days to 412 days. The per cen ta ge of cows cul led be cau se of in fer ti li ty has ri sen from 5 to 8% per year. This

de cre a se in fer ti li ty re sults has led to a de cli ne in the pro fi ta bi li ty of dai ry herds. In a 100 cow herd this ye ar ly loss 

amounts to at le ast 5000 eu ros. 

The ‘subfertility syndrome’ is a mul ti fac to ri al pro blem in which, first and fo re most, the pe ri od of ne ga ti ve

ener gy ba lan ce and nu tri ti on af fect en do cri ne sig na ling, fol li cu lar growth and pro ba bly also oo cy te and em -

bryo qua li ty. Although a lot of re search has al re a dy been done, many pro blems still need to be un ra ve led.

So lu ti ons for this com plex pro blem are dif fi cult to achie ve be cau se they in vol ve op ti mi zing a who le se ries of

cri ti cal fac tors such as hou sing and ma na ge ment, es trus de tec ti on, nu tri ti on du ring the dry, trans iti on and

lac ta ti on pe ri ods, ti ming of in se mi na ti on, hy gie ne and care around par tu ri ti on, claw he alth and the use of

good qua li ty se men. 

SA MEN VAT TING

De vrucht baar heid van hoog pro duc tie ve melk koei en is de laat ste 25 jaar sterk ver min derd. Zo is het drach tig -

heids per cen ta ge van de eer ste in se mi na tie ge daald van 55 naar 40%, is de tus senk alf tijd ges te gen van 385 da gen

naar 412 da gen en is het per cen ta ge koei en dat elk jaar moet wor den op ge ruimd we gens sub fer ti li teit ges te gen van

5 naar 8%. Dit al les re sul teert in een aan zien lijk eco no misch ver lies dat voor een be drijf met 100 melk koei en ge -

raamd wordt op ong eveer 5000 euro per jaar. 

Het “syn droom van sub fer ti li teit” is een mul ti fac to rieel pro bleem waar bij voor al de pe ri o de van de ne ga tie ve

ener gie ba lans en de voe ding een in vloed blij ken te heb ben op het en do crien me ta bo lis me, de fol li cu lai re groei en

de ei cel-en em bry o kwa li teit. Ondanks heel wat voor tref fe lijk on der zoek is de exac te pa tho ge ne se van sub fer ti li teit 

nog on vol doen de be kend. Het com plexe pro bleem van de ver min der de vrucht baar heid kan enk el ade quaat wor den op -

ge lost door vol doen de aan dacht te schenk en aan tal rij ke ri si co fac to ren, zo als de voe ding en het ma na ge ment.

INTRO DUC TI ON: SOME EYE-OPE NING FI GU RES

Mo dern dai ry cows are able to pro du ce vast

amounts of milk main ly due to sig ni fi cant ge ne tic im -

pro ve ments, com bi ned with en han ced nu tri ti o nal ma -

na ge ment. A prer equi si te for good lac ta ti on per for -

man ce du ring the cow’s life span is pro du cing a calf at

re gu lar in ter vals. The re fo re re pro duc ti ve ef fi cien cy is

a world-wide con cern in the mo dern dai ry in dus try

as it in flu en ces ave ra ge dai ly milk pro duc ti on, ave ra ge

days in milk, num ber of cal ves born per year and

the ge ne ra ti on in ter val (Johnson and Gen try, 2000).

Many stu dies have re por ted a wor ri so me de cre a se in

the re pro duc ti ve per for man ce of dai ry cows and this

pro blem seems to af fect all coun tries hou sing high

yiel ding dai ry herds. 
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For exam ple, in Bel gi um the ave ra ge cal ving in ter -

val in cre a sed from 390 to 412 days du ring the last 10

ye ars (per so nal com mu ni ca ti on, Fle mish Catt le Bree -

ding Asso ci a ti on). The num ber of AI per con cep ti on

rose from 1.43 to 1.75 in the same pe ri od. In the Ne -

ther lands, the suc cess rate at first AI drop ped from

55.5% to 45.5% in 10 ye ars time and the num ber of

cows sho wing their first heat be fo re day 50 post par -

tum de cre a sed (Jor rits ma and Jor rits ma, 2000). In the

same pe ri od, milk pro duc ti on in cre a sed from 7558 kg

fat cor rec ted milk in 305 days to 8744 kg. Re se arch

from Opso mer et al. (1998), which was la ter con fir med

by ot hers, re ve a led that about half of the mo dern dai ry 

cows have ab nor ma li ties of the cy cle du ring the post -

par tum pe ri od, re sul ting in pro long ed anes trus and

ova ri an cysts. Others have re por ted an in cre a se in ute -

ri ne dis or ders ear ly post par tum, and a rise in em bry o nic

mor ta li ty (Shel don et al., 2006). Espe ci al ly du ring

hot se a sons, dai ry cows seem to be very vul ne ra ble to

re pro duc ti ve dis or ders (López-Ga ti us, 2003). In the

USA, a tre men dous in cre a se in the num ber of AI per

con cep ti on (from 1.75 to over 3) over a pe ri od of 20

ye ars has been des cri bed (Lucy, 2001). In Ire land, the

num ber of AI re qui red for con cep ti on went from 1.54

to 1.75 be tween 1990 and 2000 and the con cep ti on

rate drop ped by 0.96 per an num (Mee et al., 2004). Si -

mi lar re ports can be found in Fran ce and Ca na da

(Bous quet et al., 2004). Preg nan cy ra tes to first ser vi ce

in the UK have re ached an ab so lu te na dir of 40% and

the preg nan cy rate of the mo dern UK dai ry cow is de -

cli ning at ap proxi ma te ly 1% per an num (Roy al et al.,

2000).

Almost all pu bli ca ti ons con cer ning fer ti li ty in high 

pro du cing dai ry cows are une qui vo cal and con clu de

that the de cli ning re pro duc ti ve per for man ce is one of

the ma jor fac tors thre a te ning the pro fi ta bi li ty of the

mo dern dai ry in dus try. 

ECO NO MIC CON SE QUEN CES OF SUB FER TI LI TY
FOR A DAI RY HERD’S PRO FI TA BI LI TY

Under ly ing re a sons for re du ced fer ti li ty in dai ry

herds may be as so ci a ted with many dif fe rent fac tors,

of which the in ade qua te ma na ge ment prac ti ces as so -

ci a ted with in cre a sed herd si zes are the most im por -

tant (de Kruif and Opso mer, 2002). The re is no doubt

that fer ti li ty fail ure has a ma jor ne ga ti ve eco no mic

im pact. The ex tra costs ari sing from sub fer ti li ty in -

clu de lost in co me from milk and calf sa les, feed and

quo ta costs, ex tra ve te ri na ry and se men ex pen di tu res,

and the costs as so ci a ted with cul ling and ex tra re pla -

ce ment of sub fer ti le cows (Roy al et al., 2000). The se

ex tra costs vary mar ked ly from one coun try to anot her.

For the Be ne lux coun tries, Huir ne et al. (2002) took

all the re le vant fac tors into ac count and cal cu la ted

that the op ti mal cal ving in ter val for first lac ta ti on

cows is still exact ly one year, whi le for ol der cows the

in ter val is even shor ter than one year! Leng the ning

the cal ving in ter val from 12 to 13 months cau ses a loss 

of US$ 1.83 per day, whi le the loss due to fur ther leng -

the ning amounts to US$ 2.37 – 2.70 per ex tra day.

Fur ther mo re, the cal cu la ti ons of eco no mic be ne fit are 

es pe ci al ly sen si ti ve to chang es in the sha pe of lac ta ti -

on cur ves. A sig ni fi cant in cre a se in per sis ten cy al -

lows a long er cal ving in ter val wit hout as so ci a ted ex -

tra eco no mic los ses. Fi nal ly, the ave ra ge loss per cow

cul led for dis ap poin ting fer ti li ty re a sons was de ter mi ned

to be US$ 220 to 280 (Huir ne et al., 2002).

For the UK it has been es ti ma ted that a 10% im pro ve -

ment in con cep ti on rate would be ne fit the Bri tish

dai ry in dus try by ap proxi ma te ly 300 mil li on pounds

per year (Roy al et al., 2000). The se fi gu res clear ly in -

di ca te that dai ry fer ti li ty is ex tre me ly im por tant for

gu a ran tee ing a dai ry herd’s pro fi ta bi li ty.

MUL TIPLE PATHWAYS TO SUB FER TI LI TY:
FACTS AND SE CRETS

On the ba sis of the sur veys men ti o ned abo ve, the

‘syndrome of subfertility’ can be di vi ded into two ma -

jor pathways. The first pos si ble way to sub fer ti li ty is

the re sump ti on of nor mal ova ri an ac ti vi ty ear ly post -

par tum, which is re tar ded in high pro du cing dai ry

cows. The se cows have a high pro por ti on of ab nor mal 

es trous cy cles (Opso mer et al., 1998). The pre sen ce

of nor mal fol li cu lar growth on the ova ry de ter mi nes

the in ter val from par tu ri ti on to first AI. Se ver al stu -

dies have de ter mi ned the ma jor risk fac tors for ova ri -

an dys func ti ons (re vie wed by But ler, 2003). Much of

the re search ef fort has been fo cu sed on al te ra ti ons in

en do cri ne sig na ling (hy po tha la mus-pi tuit ary-ova ry

axis). The ef fects on fol li cu lar de ve lop ment and the

sub se quent in di ca tors of im pai red fer ti li ty such as re -

du ced es trus symp toms or anes trus, cyst for ma ti on,

de lay ed first ovu la ti on, and pro long ed cal ving to first

in se mi na ti on in ter vals have been ex ten si ve ly do cu -

men ted el sew he re (Har ri son et al., 1990; Beam and

But ler, 1997; Opso mer et al., 1998; de Vries and Veer -

kamp, 2000; Van hol der et al., 2002; Dis kin et al.,

2003; Lo pez et al., 2004). In the se stu dies cor re la ti ons

were found be tween ener gy ba lan ce, body con di ti on

and blood pa ra me ters (such as NEFA, glu co se, insulin
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and in su lin-like growth fac tor I) and the re sump ti on

of ova ri an ac ti vi ty. 

Des pi te this vast amount of ex cel lent re search, a lot 

of work still has to be done. What do we know, for

exam ple, about the in flu en ce of re cep tor and post-re -

cep tor ef fects for in su lin and go na dot rop hi nes at the

le vel of the fol li cu lar cells in the ova ry? Is it pos si ble

that the me ta bo lic chang es cha rac te ri zing the pe ri od

of ne ga ti ve ener gy ba lan ce (NEB) have toxic ef fects

on gra nu lo sa or the ca cells? Very re cent re sults from

our lab seem to con firm this new way of think ing

(Van hol der et al., 2005). What subtle sig nals de ter mi ne

the fate of a pre o vu la to ry fol li cle: at re sia, ovu la ti on or 

a pro long ed growth pha se re sul ting in cyst for ma ti on? 

Ho we ver, even when a po si ti ve ener gy ba lan ce and 

cor rect en do cri ne sig na ling are re-es ta blis hed, which

ul ti ma te ly re sults in ovu la ti on, re pro duc ti on is still

not gu a ran teed. As al re a dy has been men ti o ned, dai ry

cow fer ti li ty has shown a dra ma tic drop wit hout any

ob vi ous re duc ti on in sperm qua li ty. Ear ly em bry o nic

mor ta li ty is pro po sed to be a sig ni fi cant cau se of re -

pro duc ti ve fail ure in rum inants (Dun ne et al., 1999;

Mann and Lam ming, 2001; Bi lo deau-Goe seels and

Kas te lic, 2003). Thus in ad di ti on to the re sump ti on of

ova ri an ac ti vi ty, oo cy te and em bryo qua li ty are two

fur ther cru ci al points de ter mi ning re pro duc ti ve ef fi -

cien cy. It is only re cent ly that some stu dies – dri ven

by the se ob ser va ti ons – have be gun to fo cus on the oo -

cy te and sub se quent em bryo qua li ty. And in deed,

some of the se stu dies have con fir med that the oo cy te

qua li ty could be in dang er in high pro du cing dai ry

cows (Snij ders et al., 2000; Wilt bank et al., 2001;

Wal ters et al., 2002). A field tri al per for med at our lab

in col la bo ra ti on with the Fle mish Catt le Bree ding

Asso ci a ti on re ve a led that em bry os from high yiel -

ding dai ry cows are in fe ri or com pa red to the em bry os

of non-lac ta ting dai ry hei fers or beef cows (Le roy et

al., 2005). Fur ther mo re, we were able to de mon stra te

in our IVF lab that high NEFA and low glu co se en vi -

ron ments du ring oo cy te ma tu ra ti on are det ri men tal

for the oocyte’s de ve lop men tal com pe ten ce (Le roy et

al., 2005; Le roy et al., in press). But what do we know

about the spe ci fic en vi ron ment of the oo cy te or em -

bryo? It is cru ci al for fur ther re search to in ves ti ga te

the fol li cu lar, ovi duc tal and ute ri ne en vi ron ment tho -

roughly and to le arn more about how this mi croen vi ron -

ment can be in flu en ced. Fi nal ly, good cor pus lu teum

qua li ty and op ti mal ma ter nal preg nan cy re cog ni ti on are

un mis ta ka bly im por tant in es ta blis hing a suc ces sful ge -

sta ti on (Mann and Lam ming, 2001).

FAC TORS AF FEC TING FER TI LI TY

Repro duc ti ve fail ure is cert ain ly a mul ti fac to ri al

pro blem. The amount of milk pro du ced, as such, only

plays a mi nor role com pa red with the im por tan ce, for

exam ple, of NEB ear ly post par tum (Loef fler et al.,

1999; de Vries and Veer kamp, 2000; Snij ders et al.,

2000; Lucy, 2001). Dai ly milk yield is not an ap pro -

pri a te in di ca tor of NEB be cau se feed in ta ke and ma -

na ge ment prac ti ces both con found the as so ci a ti on be -

tween yield and ener gy ba lan ce (Vil la-Go doy et al.,

1988; McMil lan et al., 1998; de Vries and Veer kamp,

2000; Kruip et al., 2000). It is pro ba bly not the net

ener gy shor ta ge as such, but rat her the de gree of adap -

ta ti on of a cow to the shor ta ge of ener gy that is res pon -

si ble for the fer ti li ty chang es. This can af fect the re -

sump ti on of ova ri an ac ti vi ty by al te ring the en do cri ne 

sig na ling. But the di rect side-pro ducts and side-ef -

fects of this ma la dap ta ti on to this NEB (high NEFA,

urea and BHB con cen tra ti ons and low glu co se and

IGF-1 con cen tra ti ons) also seem to have a de le te ri ous

ef fect on fol li cle and oo cy te qua li ty (Le roy et al.,

2005; Van hol der et al., 2005).

Other fac tors, such as the high ener gy and pro -

tein-rich ra ti ons ty pi cal ly fed to mo dern dai ry cows to

sus tain the high le vel of milk pro duc ti on, to ge ther

with the in cre a sed herd size, have been as so ci a ted with

dis ap poin ting fer ti li ty out co mes (But ler, 1998; Lucy,

2001; Fa hey et al., 2002; Lucy, 2003), though the re -

la ti ons hip be tween pro tein-rich ra ti ons and fer ti li ty is

in con sis tent be tween dif fe rent stu dies (La ven and

Drew, 1999).

For de ca des now, dai ry cows have been strict ly se -

lec ted for high milk yield. Some stu dies sug gest that

this ge ne tic se lec ti on as such could also have an ad -

ver se ef fect on fer ti li ty by af fec ting ova ri an ac ti vi ty

and oo cy te qua li ty (Snij ders et al., 2000). In con trast

with the fin dings of Snij ders et al. (2000), Veer kamp

et al. (2003) and Ho ran et al. (2005) sug gest that high

ge ne tic me rit for milk pro duc ti on is also as so ci a ted

with a more se ve re NEB. This hig her me ta bo lic stress

may ex plain the dis ap poin ting re pro duc ti ve per for -

man ce. Sil ke et al. (2002) did not find any sig ni fi cant

re la ti ons hip be tween the ex tent or pat tern of late em bry o -

nic loss and ge ne tic me rit.  Fu tu re re search should re ve al 

whe ther ge ne tic se lec ti on to wards fer ti li ty could part ly

sol ve the pro blem wit hout lo sing milk yield.

Along with se lec ti on to wards hig her milk pro duc -

ti on, mo dern dai ry cows be ca me more sen si ti ve to

heat stress as their in ter nal heat pro duc ti on sig ni fi -

cant ly in cre a sed (re vie wed by Kad ze re et al., 2002).

In ot her words, the tem pe ra tu re at which dai ry cows
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cur rent ly start ex pe rien cing heat stress has shif ted to a 

lo wer point. It has been pro ven that heat stress is per -

ni ci ous for re pro duc ti on (re vie wed by De Ren sis and

Sca ra muz zi, 2003). In ad di ti on to the det ri men tal ef -

fects on ener gy ba lan ce, fol li cu lar dy na mics and the

hy po tha la mus–hy pop hy sis–ova ri an axis, it has also

been sug ge sted that high body tem pe ra tu res can di -

rect ly be toxic for the oo cy te and em bryo pro per

(Rocha et al., 1998). 

Fi nal ly, it is ge ne ral ly ac cep ted that high yiel ding

dai ry cows are more vul ne ra ble to me ta bo lic and in -

fec ti ous dis e a ses. It has even been sug ge sted that

post par tum dis e a ses are a more im por tant risk fac tor

for re pro duc ti ve fail ure than NEB (Loef fler et al.,

1999). Espe ci al ly the in ci den ce of mas ti tis has in cre a sed,

and this is pro ba bly due to a de pres sed im mu ne

sy stem ear ly post par tum (Ingvart sen et al., 2003).

Mas ti tis ear ly post par tum, as well as in tra mam ma ry

in fec ti ons around the mo ment of AI, are strong ly as -

so ci a ted with re du ced con cep ti on ra tes (Loef fler et

al., 1999), and more spe ci fi cal ly with hig her risks of

abor ti on wit hin the fol lo wing 90 days (Ris co et al.,

1999). Claw dis or ders and ot her pain ful con di ti ons

also re sult in sub fer ti li ty. The pos si ble mecha nisms

in vol ved in the link be tween in fec ti ous dis e a ses and

em bry o nic mor ta li ty have been ex ten si ve ly re vie wed

by Han sen et al. (2004). 

THE ROLE OF GOOD HERD MA NA GE MENT

Good herd ma na ge ment is ex tre me ly im por tant for

cow fer ti li ty (de Kruif and Opso mer, 2002). Me thods

of far ming have chang ed con si de ra bly du ring the last

25 ye ars. Some far mers have been able to cope with

tho se chang es, whi le ot hers have ex pe rien ced huge

dif fi cul ties. The re la ti ons hip be tween the far mer and

his cows is com pli ca ted and dif fi cult to as sess. Fa hey

et al. (2002) de mon stra ted that herd ma na ge ment can

over co me many of the ad ver se ef fects of high milk

pro duc ti on on re pro duc ti ve per for man ce. Some far -

mers con sis tent ly ma na ge high ge ne tic me rit herds so

as to achie ve ac cep ta ble con cep ti on ra tes (per so nal

com mu ni ca ti on). Thus op ti mal herd ma na ge ment is

in dis pen sa ble for main tai ning a high yiel ding dai ry

herd (de Kruif and Opso mer, 2002). A well ba lan ced

ra ti on (pro tein and ener gy) and good hou sing con di ti -

ons du ring the dry pe ri od, trans iti on pe ri od and the

first weeks of lac ta ti on are of pa ra mount im por tan ce.

They can pre vent an ex ces si ve ly deep NEB. The sub -

se quent aug men ted IGF-I and in su lin le vels have

clear ly been shown to be ne fit re sump ti on of ova ri an

ac ti vi ty and to im pro ve con cep ti on ra tes (Beam and

Butler, 1997).

Ge ne tic se lec ti on to wards bet ter re pro duc ti ve per -

for man ce is dif fi cult be cau se of the low he ri ta bi li ty of

all ma jor fer ti li ty pa ra me ters. Ho we ver, se lec ti on for

in di rect fer ti li ty pa ra me ters such as body con di ti on

sco re or en do cri ne cha rac te ris tics (e.g. pro ges te ro ne

pro fi les, LH res pon se to a GnRH chal lenge) could be

much more fruit ful be cau se of their hig her he ri ta bi li ty

(Roy al et al., 2000).

CON CLU SI ON

On the ba sis of the stu dies ci ted abo ve, it is clear that

the per for man ce of dai ry cows has de te ri o ra ted sig ni fi -

cant ly. This cert ain ly im pairs the pro fi ta bi li ty of a dai ry

herd. The ‘subfertility syndrome’ is a mul ti fac to ri al pro -

blem in which both the NEB and nu tri ti on play an im -

por tant role. Many ot her se crets con cer ning the pa tho -

ge ne sis of sub fer ti li ty re main to be sol ved. One cru ci al

fac tor in this mat ter is the ma na ge ment of the herd. It re -

mains a chal lenge for re search ers and ve te ri na ry prac ti -

ti o ners to turn the ne ga ti ve trend of dai ry fer ti li ty in a po -

si ti ve di rec ti on. 
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