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grows for scvcral days (maximurn diamctcr,
approxirnatcly 1.5 em), and supprcsscs growth 01' thc
othcr (subordinate) follicles in thc wavc (maximum
diamctcr, usually I cru), In thc abscncc of lutcal
rcgrcssion, thc dominam Iolliclc stops growing; in about
3 days a new wave starts and about 3 days later,
rcgrcssion of thc prcvious dominant folliclc is evident.
Thc dorninant Iolliclc prcscnt at thc time of luteal
regression continues to grow and ovulates approxirnatcly
10 to 15 hours aítcr the end of standing cstrus. At thc
site of ovulation, a corpus lutcum (CL) forrns. The CL is
maintained until calving (ir pregnancy occurs) but in
nonpregnant caule, prostaglandin f~" (PGf) is rclcascd
frorn the utcrus (about 16 days aftcr cstrus) and causes
thc CL to regresso
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INTRODUCTION - Reproduction is a kcy component
of thc cattlc industry. Thc purpose of this articlc is to
bricfly review selected aspects 01' reproduction in caule.

ESTRUS AND ESTROUS CYCLE - Thc cstrous cyclc
in caule is usually 21 days long (84% are 18 to 24 days;
Allrich, 1993). Bchavioral estrus lasts approximatcly 12
to 16 hours: ovulation occurs 10 to 15 hours anel' thc
cnd of cstrus. Truc silent cstrus is rarc; most
nonprcgnant, ancstrus dairy cows are cycling. Howcvcr,
dairy hcifers oftcn havc a prolonged, (anovulatory)
postpartum ancstrus. For thcsc caule, incrcasing cncrgy
intake and/or short-tcrm (7 to 10 days) trcatrncnt with
progestins will hastcn thc onsct of cyclicity.

Thc primary sign 01' cstrus is a cow standing firm whcn
mountcd. Seeonelary signs of cstrus include rnounting,
mucus dischargc, swollcn vulva, hypcractivity, and
bellowing. Thc two principal causes of cstrus-dctcction
problcms are m issed cstrus and estrus detection errors.
lndicators of rnisscd cstrus includc prolonged intervals
Irorn calving to brccding, prolonged intervals bctwccn
brccdings, more than 10 to 15% nonpregnant at
prcgnancy diagnosis, and lcss than 50% of potential
cstrus pcriods detecteel. lnadcquatc observation, slippcry
fooiing and adverso wcathcr conditions can cause m issed
cstrus, 11igh progcstcronc concentrations (blood 01'
milk) at breeding anel interbreeding intervals lcss than 17
days 01' 25 to 35 days indicare crrors in cstrus detection.
In some studics, up 1020'% ar caule wcrc not in cstrus at
brccding. Factors contributing to cstrus dctcction crrors
include misinterpretation 01' signs of cstrus,
misintcrprctation 01' misusc 01' cstrus dctcction aids, and
standing cstrus in pregnanl cows, Estrus dctcction can
be improvcd by inducing cstrus, improving the obscrvcr,
incrcasing obscrvation lime, using cstrus dctcction aids,
and prcdicting lhe ncxt estrus. Estrus detcction aids
includc hcat-mount dctcctors (rncchanical 01' clcctronic:
Stevcnson ct al., 1996) tail-hcad' chalk or paint,
pcdomctcrs anel androgcn-trcatcd rnarker an imals.

OVARIAN FOLLlCULAR DEVELOPMENT - Thcrc
are two principal ovarian structures, Iolliclcs anel thc
corpus luteum. Ovarian follicular growth occurs in
wavcs, thc simultancous dcveloprncnt of severa! Iolliclcs
on cach ovary (Adams, 1994a; Kastclic, 1994).
Rcmnrkubly, wavcs of Iolliculur dcvclopmcnt wcrc
evielent at 36 weeks of age in bccf heifers, 20 wecks
bcfore pubcrty (Adams et al., 1994b). During the
estrous cyclc, thc first wave begins arounel the day of
ovulation, thc seconel wave 8 10 10 elays aJlcr ovulalion
anel the lhircl wave (if' prcsent) around 18 elays arter
ovulalion. One follicle per wave becomes elominam,

ESTRUS SYNCHRONIZATION - Synthctic PGF (anel
its analogucs) are cornmonly uscd for estrus
synchronization (Larson and Ball, 1992: Odeie, 1990).
Trcaunent with PGF will cause regrcssion of a
responsivc CL. A CL rnay bc rcsponsivc as early as 5 01'
6 days aftcr estrus, with responsiveness rcaching a
platcau approximatcly 10 days aftcr cstrus. In
nonprcgnant cattle trcatcd late in the cstrous cyclc, lhe
CL rnay alrcady be rcgressing in rcsponsc to cndogcnous
PGf. The stagc of Iollicular growth at thc time of PGf
treatmcnt affccts the interval from trcatrncnt to estrus
and ovulation (Kastelic et al., 1990). With trcatrncnt 6
days afier estrus, the dominam follicle of lhe first wavc
is still growing and lhe intcrval from trcatrncnt 10
ovulation is short (avcragc, 3 elays). Trcatmcnt 13 days
after estrus rcquires a slightly longcr interval to
ovulation (avcrage, 3.5 days) bccausc thc dorninant
folliclc of lhe sccond wavc is carly in its growth phase.
Trcatrncnt v days aftcr cstrus usually results in ovulation
of lhe dominant follicle 01' lhe first wavc but ovulation
can occur frorn lhe dominam follicle of the sccond wavc
(avcragc intcrvals to ovulation, 4 anel 6 days,
rcspcctivcly; Kastclic et al., 1990; Kastclic and Ginther,
1991). Stagc of estrous cycle also affccts fértil ity;
prcgnancy ratcs are usually higher when caule are
trcatcd with PGf aftcr miel-cyclc (c.g, altcr Day 12)
comparcd to carly in the cyclc (e.g. Day 7 or 8). Fertility
will usually be higher when caule are bred after
detection of cstrus cornparcd to brceding at a fixcd time
after PG F treatment.

Thcrc are many trcatrnent rcgirnens using PGF. In
theory, approximately 70% of cycling cattle should have
a CL responsive to PGF. Rectal palpation to identify
calllc with a responsive CL should improvc the response,
but errors in palpation and missed estrus result in about
75% 01' trcated cattle bcing detecteel in estrus (Gaines,
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1994). Estrus detection and brccding ror 5 days with
PG!' trcatmcnt on Day 5 10 noubrcd caule works vcry
wcll, but lhe pcriod for cstrus dctcction and brccding is
approximatcly 10 days, With this rcgimcn, Iailurc 10
detect about 20% in cstrus prior to trcatmcnt indicare
problcms with cyc\icity and/or cstrus dctcction. Two
injections of PGF II days apart are commonly uscd, but
incrcasing thc interval to 14 days rnay improvc fcrtility
(Folman ct al., 1990). One protocol (Fcrguson and
Gall igan, 1993; Fuhrmann, 19(3) util izes PG F injections
at 14-day intervals. Thc voluntary waiting period
(minimum intcrval írom calving to first brccding) is
dctcrmincd and ali postpartum caule 3 10 17 days prior
to thc voluntary waiting period are injected with PGF.
Fourtcen days latcr, thcsc cows are again treated with
PGF and brcd according to signs 01' cstrus activity. Any
caule not eletecteel in cstrus will rcccivc PG F on the ncxt
trcatmcnt day (14 days l.ucr) anel will bc brcd upon signs
01' cstrus 01' at 80 hours aücr trcauncnt ir cstrus has not
bccn detected by that time. Prcgnancy diagnosis is
conducted as carly as possiblc anel nonpregnant cows are
rc-trcatcd with PGF.

Trcauncnt with Gn k l ] C,IUSCS thc dominam Iolliclc to
ovulatc (ir it is growing 01' rcccntly stoppcd growing) or
to undergo atresia (ir it is no longer viablc), with
cmcrgcncc 01' a ncw tollicular wavc 2 01' 3 days aftcr
trcauncnt (Purslcy et al., 1995). Trcauucnt with GnRH,
Iollowcd by PGF 6 or 7 days latcr, will rcsult in 60 to
70% in cstrus within 4 days aítcr PG F treatment
(Twagiramungu ct al., 1995), with very few canlc in
cstrus bcforc trcatrncnt with PGF. Thc synchrony 01'
cstrus (and in particular, thc synchrony 01' ovulation) can
bc grcatly incrcascd by giving a sccond dose 01' GnRH
36 1048 hours altcr PGF. Timed inscrnination I S to 24
hours alter the second GnRl1 treatment has rcsultcd in
acccptablc Icrtility in cows, but poor fcrtility in hcifers
(Purslcy ct al., 1995).

Various progcstins (progcstcrone-likc compounds),
including mclcngcstrol acciatc (MGA), havc bccn
utilizeel for cstrus synchronization (Larson anel Ball,
1992; Odde', 1990; Pattcrson ct al., 1989). Prcgcstin
trcatmcut ror ::.-14 days will synchronizc cstrus, but
Icrtility will bc rcduccd (only at thc induccd estrus) duc
10 impairmcnt of spcrm transport, ovurn fcrtilizarion anel
clcavagc. Feeeling 0.5 mg MGA/head/elay for 14 days,
Iollowcd by trcatmcnt with PGF 17 days anel' ccssation
01' MGt\ (Pattcrson et al., 1989), rcsults in well-
synchronizeel estrus with gooo fel1ility, especially in
catlle in at Icast moderate bod)' condition (Yelich et aI.,
1995a). Furthermore, scparating suckling calves from
their elams ror 48 h, starting 2 eI anel' the last ICeding or
MGA, incrcased the percentage of 2 anel 3 yr olel eI~lIns
conceiving early in the brceding season compareci to a
similar regimen without calf removal 01' untreateel
controls (Yelich ct aI.. 1995b). Most cattie will be in

cstrus a fcw days aftcr cessation of MGA; howcvcr, lhe)'
are not brcd until thc cstrus Iollowing PGF trcatrncnt.
Prcgnancy rales will bc optimized by dctccting estrus
and brecding accordingly. lnscmination at 72 hours aftcr
PGF trcatmcnt has resulteel in good ícrtility in some
hcrds but not othcrs (King et al., 1994; Larson ct al.,
1996). Thcrcforc, one approach is to inscminatc ali
caule at 72 hours aftcr PGF anel thcn either dctcct estrus
anel breed from 72 to 120 hours or cxposc cows to bulls
starting at 96 hours (King ct al., 1994).

Another regimen using MGA anel PGF is to Iccd MGA
ror 7 to 9 days with PGF given on thc last day. This
approach results in sorncwhat lower Icrtility than giving
PGF 17 e1ays after MGA (Mauck et al., 1994). In this
regimen, caule which are siartcd on MGt\ late in thc
cstrous cycle unelergo spontaneous lutcal rcgression anel
dcvclop a largo ovarian folliclc that elevares scrurn
cstradiol conccntrations. l lowcvcr, giving 5 mg
cstradiol 17-beta and 100 mg progesterone (on thc Iirst
day that MGA is Icei) effcctively synchronizcs cstrus and
rcsults in acccptablc fcrtility (Kastelic ct al., I996a).
Tlic estraeliol supprcsscs Iolliclcs prcscnt at thc time 01'
treatment, with synchronous cmcrgcnce of a ncw
Iollicular wavc, on avcragc, 4.3 days later ([30 et al.,
1995). Progcsicronc is includcd to preveni an estrogen-
induced LH surge in cattle without a funciional CL.

Thcrc are two progesterone-contain ing c1evices (PRI D
anel CIDR) uscd ror cstrous synchronization. Thcsc are
placcd in thc vagina for 9 10 12 e1ays. Lutcal rcgrcssion
is achicvcd by trcatmcnt with an cstrogcn at the time thc
e1cvice is inscrtcd and/or by trcauncnt with PGF at thc
time of (or up 10 2 elays prior (0) dcvicc removal. Most
caule will bc in cstrus 2 to 3 elays aftcr lhe device is
rcmovcd, anel fcrtility is generally acccptablc.

Norgestomet is another prcgcstin that is uscd in
Syncrolvlatc B anel Crcstar. An irnplant containing
norgestomet is placcd in lhe car (similar to a growth
implant) and an injection of norgcstornct (3 mg) and
estradiol valcratc (5 mg) is given at thc time of irnplant
insertion. Implants are rcrnovcd <) days latcr. In most
uials with SyncroMatc B, ><)O'!lo 01' trc.ucd caule wcrc
dctcctcd in cstrus, with prcgnancy raies ranging Irom 33
to 68% (Oelde, 1990). Fcrtility to timcd inscmination is
generally acceptable (Oddc, 1990). Many ancsirus caule
wi 11bc detecteel in cstrus following implant rcmoval, but
Icrtility will gcncrally bc lowcr ihan ror cyclic caule.

U Itrasounel-gu ieled transvaginal foll icle aspiration has
been lItilized as a means or recovering oocytes for in
vitro lCrtilization. This technique has also been used to
ablate existing follicles to synchronize rolliclllar growth,
estrus anel ovulation. In one stuely (Bergf'clt et aI., 199-1),
alI l"olliclcs >5 111m in diameter wcre ablated and PGF
injected 4 elays later. Th is proceelure synchron izecl
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ovulation, particularly whcn a second dose 01' PGF was
givcn (12 hours aücr thc first dose).
SCROTALITESTICULAR
T1-IERMOREGULATION - Normal spcrmatogcncsis
in bulls is .dependent upon maintcnance of testicular
tcmpcraturc 2 10 6<)C lowcr than body-corc tcmpcrature.
Many Iactors are involvcd in kccping lhe testes cocl. A
pcndulous scrotum cxposcs lhe scrotal ncck (facilitares
hcat loss) and allows lhe testes 10 move away from thc
body. Thc scrotal sk in is usually thin and hairlcss, lacks
subcutancous Iat, and has many blood vcsscls and
lymphatics. Thc tunica danos (smooth musclc undcr lhe
scrotal skin) and thc crcmastcr musclc (auachcd 10 lhe
icstis) can contract 01' rclax 10 changc thc location 01' the
testes. Thc testicular vascular cone (vcnous
pumpiniform plcxus nctwork surrounding lhe highly
coilcd testicular artcry) is thc sitc 01' hcat loss, both by
counicrcurrcnt cxchangc (transfer 01' hcat írom lhe artcry
10 lhe vein) and radi.uion Irom lhe ncck 01' lhe scrotum.
Despire substantial changcs in lhe anatomy 01' thc
scrotum, lestes, and testicular vascular cone in bulls Irem
0.5 103 ycars 01' age, scrotal surfacc tcmpcraturc was not
significantly diffcrcnt (Cook ct al., 1(94).

Tcmpcraturcs 01' lhe scrotum and testes havc bccn
invcstigatcd in thrcc rcccnt studics. In lhe Iirst study
(Kastclic ct al., 1995), avcragc icmpcraturcs (0 C) at lhe
10p, middlc 'und bouom 01' lhe testes wcrc: 30.4, 29.8
and 28.8 (scrotal surtucc): 33.3, 33.0 and 32.9 (scroial
subcutancous); and 34.3, 34.3 and 34.5 (intratcsticular).
Thcrcforc. top-to-bouom tcmpcraturc gradicnts wcrc 1.6,
0.4 and -0.2" C (surtucc, subcuiancous and
intrutcsticulur, rcspcct ivcly). In lhe sccond study
(Kasiclic ct al., 19%b), il was shown that lhe scroium
and testes havc opposing tcmpcraturc gradicuts which
apparcntly complcmcnt onc anothcr, rcsuliing in a
rclativcly uniform inuatcsticular tcrnpcraturc.
Furthcrrnorc. lhe scroturn substantially incrcascd
intratcsticular tcmpcrarurc, but scroial surfacc
tcmpcraiurc was not signilicantly affcctcd by lhe
prcscncc 01' a tcstis. Thcsc gradicnts may bc duc 10
vasculaturc. Thc scroturn is vascularizcd frorn top 10
bouom, but lhe testes are vascularizcd Irorn lhe ventral
aspcct to thc dorsal aspcct (thc testicular artcry gocs 10
lhe bouom 01' lhe testes and torms severa! branchcs that
sprcad dorsally and laterally bcforc cntcring lhe testes),
In thc third study (Kastclic el aI., 19(7), blood wilhin lhe
teslicular artery had a similar temperalllre aI lhe 10p 01'
lhe teslis as at the bOltom, but was significantly cooler at
lhe point 01'. enlry into lhe leslicular parenchyma (intra-
arterial temperalun:s 34.3, 33.4 and 31.7° C,
respeclively). Therelore, bOlh lhe scrolum anel leslis are
warmesl at lhe origin oI" their vascular supply (IOp 01'
scrolum, bOI 10m 01' teslis) wilh lower lemperalures
lowards lhe opposile pole.

lnfrarcd thcrmography is a noninvasive rncthod of
asscssing scrotul surfacc tcrnpcraturc. Thc buli is
restrained and a carnera is held about I metre away
(dircctcd at lhe posterior aspcct of lhe scroturn). Thc
thcrrnal paliem of the scrotum (thcrmogram) can be
assessed visually or with computerized image analysis.
Scrotal thcrmograms 01' bulls with normal scrotal
thcrruorcgulation had lcft-to-right symmctry and
tcmpcraturcs that wcrc 4 10 6° C highcr at lhe top 01' lhe
scrotum than at thc bouom (Coultcr, 1988: Purohit ct al.,
1985). More randorn tcmpcraturc pattcrns, oftcn lacking
lcft-io-right syrnrnctry and having localizcd arcas 01'
incrcascd tcmpcrature ("hol spOIS") wcrc bclicvcd 10 bc
indicativc 01' abnormal thcrmorcgulation 01' lhe
undcrlying testes or cpididyrnidcs: thcsc bulls usually
had poor scmcn quality (Coulicr, 1988: Purohit ct al.,
1985). l lowcvcr, not ali bulls with poor scrucn quality
had abnormal thcrrnograms. Thc cnvironmcntal
conditions ror thcrmography nave bccn rcportcd
(Kastclic ct al., I996c). Thcrrnography can bc
pcrformcd at any time 01' thc day, but should bc
pcrformcd prior 10 fccding (or severa] hours thcrcaftcr)
and at lcast I hour aftcr nsrng. Moderare 10 cool
arnbicnt icrnpcraturcs are prcfcrablc (range
approximutcly 5 to 15° C) and lhe scroturn should bc
dry. Ejaculaiion (cithcr spontancous or
clcctrocjaculation) incrcases scrotal surfacc tcmpcraturc
ovcr thc cauda cpididymidcs (Kastclic ct al., 1996d).

Thcrmography has bccn uscd as an adjunct to lhe
standard brccding soundness cxamination, ln onc study
(Lunstra and Coultcr, 19(7),30 ycarling bulls, all judgcd
sutislactory on a standard brccding soundncss
cxamination, were cach cxposcd 10 approx imatcly 18
hcifcrs for a 45-day brccding period. For bulls with a
SST pattern that was classi ficd as normal or
qucstionablc, prcgnancy ratcs 80 days aflcr thc cnd 01'
thc brceding scason wcrc similar (83 ± 3%, n = 13 versus
85 ± 4%, n = 9), but wcrc highcr (1)<.0 I) than prcgnancy
rales ror bulls with an abnormal SST paucrn (68 ± 4%,
n = 8).
INCREASED TESTICULAR TEMPERATURE -
Thcrc are many potemial causes 01' increascd testicular
tcmpcraturc, including inflammation of thc testes and/or
scroturn, rever, prolonged recumbcncy (e.g. duc 10
lamcncss), and incrcased arnbicnt tcmpcraturc
(espccially with high humidity). Many studics have
been conducled in Ihis arca, wilh considerable variability
in the results. I-lowever, several general conclusions can
be made. Whcn scrolal/testicular temperature is
incrcascd, sperm 1110rphology usually appears normal tal'
a short period, corresponding to Iransit time Ihrough lhe
cpididYlllis, and Ihen begins 10 elccline (l3arth and Oko,
1989). In some studies (Kastelic et aI., 1996c: Wildeus
anel Lnlwislle, 1983) spermatozoa Ihat would have bcen
in lhc epididymis at the lime 01' scrotal healing were
morphologically abnormal whcn co\lccted soon afieI'
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hcating. In anothcr study (Vogler, 1991), changes in
spcrmatozoa present in thc epididymis at thc time 01'
scrotal insulation were manifcst only after the
spcrmatozoa were strcssed (frozcn and subsequently
thawed). Sertoli and Leydig cell function scem
adversely affcctcd by hcating, while gcrm cells are the
most hcat-scnsitivc cells in thc tcstis (Waites and
Sctchcll. 1990). Ali siagcs 01' spcrmatogcncsis are
susccptiblc to hcating, with thc extcnt of darnage rclatcd
to thc cxtent and duration of thc thcrmal insult (Waites
and Sctchcll, 1990). Spcrmaiocytcs in mciotic prophase
are killcd by hcat; spcrmatozoa that are more maturc
havc rnctabolic and structural abnormalitics (Scichcll ct
al., 1971). Hcating lhe tcsiis usually dccreases lhe
proportion ofprogressively rnotilc and live spcrrnatozoa,
and incrcascs lhe incidence of morphologically abnormal
spcnnatozoa, cspccially hcads (Barth and Oko, 1989).
Alihough thcrc is considcrablc variation among bulls in
lhe naturc and proportion of defectivo spcrmatozoa, lhe
order of appcamncc of spccific dcfccts is rclativcly
consistent (Barth and Bowman, 1994; Vogler et al.,
1993). Unlcss spennalogonia are alTected, thc intcrval
Irom cessation 01' hcating to rcstoration of normal
spcrmatozoa in thc ejaculatc corresponds to lhe interval
Irom lhe bcginning 01' diffcrcntiation 10 ejaculation
(Waitcs and Sctchc ll, 1990). In most studics, spcrm
morphology had rcturncd to prc-trcauuent valucs within
approxirnaicly 6 wccks 01' thc thcrrnal insult. Very
prolonged 01' severo hcating of thc testes will prolong the
interval for recovery. l-lowcvcr, even whcn spcrm cell
morphology lias rcturncd to normal, thcir utilization may
result in dccrcascd Iertilization ratos and an increascd
incidence of embryonic dcath (Burfcning and Ulbcrg,
1968).

PU13ERTY IN TI-IE FEMALE - Nutrition has profound
cffects on thc time of pubcrty, particularly in thc hcifcr.
Thc cffccts 01' nutrition on thc onset 01' pubcrty havc
bccn reviewcd (Schilio ct al., 1992). Age at pubcrty is
invcrscly rclatcd to thc plane 01' nutrition; wcll-fcd
hcifcrs rcuch pubcrty carlicr and iypically at a highcr
body wcight than hcifcrs on a poorer dict, Nutrition
affccts thc rclcase 01' LI-l, probably by modulation 01'

GnRI-I rclcasc from thc hypothalmus. Undernutrition
appcars to suppress the pulse frcquency of LH necdcd
for ovarian follicles to grow to thc preovulatory stage
(Schillo, 1992). Some 01' thc etTects of nutrition on
pubcrty may bc mediated through growth horrnone (G I-I)
and insulin-like growth factor-l (IGF-I). Feed
restriction incrcases GH, decrcascs IGF-I and changes
lhe relative proportions of IGF binding proteins (Benoit,
et al., 1996). lmrnunization against growth hormone
releasing ractor decreases the number of large follicles
present on lhe ovaries prior to puberty and delays
puberty in heifers (l3enoit, et aI., 1996). Mean serum
GH concenirations and GH pulse amplitude decreased
dramalically just before pubcrty (Y el ich et ai, 1996).

Scason has an cffcct on lhe onsct of pubcrty in lhe bccf
hcifcr (Schillo et al., 1992a). Hcifcrs born in lhe autumn
reach pubcrty at younger ages than heifcrs born in lhe
spring. Exposure to spring and summcr tcmperaturcs
and photopcriods frorn 6 to 12 months of age rcduccs
age at pubcrty, rcgardlcss 01' scason at birth (Schillo ct
al., 1992a). Photopcriod may bc lhe major seasonal c1ue
that intluences onset of pubcrty in caule. Pcrhaps
rnclatonin is involved in lransducing photopcriod siimuli
into neuroendocrine signals that influence LI·I secretion
(Schillo ct al., 1992a).

Thcrc is a iransicnt early risc in gonadotroph in sccrction
in young hcifcrs (Evans ct al., 1992). Significant
opiodergic inhibition of LH sccrction occurs only in vcry
young hcifcrs. A dccreasc in lhe opiod inhibition of LI-I
sccrction, particularly LlI pulse amplitude, rcsults in lhe
carly rise in LlI sccrction. Pubcrty is associatcd with
su tTicient LI-I rclcasc 10 cause final maturation of
follicles and ovulation 01' lutcinization. Thc Iirst cstrus is
oftcn silent and thc first lutcal phasc may bc short.
Pregnancy rales improve almost 20% Irorn lhe first to
thc third cstrus (Bycrlcy et al., 1987).

lncrcasing propionic acid in lhe rumcn, influcnccd by
both dict and ionophorcs, reduces age at pubcrty
(Baglcy, 1993). ln one study, íecding moncnsin (200
mg/hcad/day) to Holstein hcifcrs that wcighcd 217 01'

330 kg rcduccd age at breeding by 24 and 15 days, and
rcduccd age at calving by 61 and 36 days (Meinert et al.,
1992).

Pasture alone often does not provido adequare cncrgy for
hcifers 10 rcach pubcrty at an carly age, particularly if
thcy havc a large frarnc at rnaturity, lu a study
conductcd in Brazil, whcn grazing 1-lolstein hcifcrs wcre
supplemcntcd with 0.3 kg couonsced mcal pcr day, 96 %
had rcachcd puberty by 18 months 01' age, cornparcd to
only 52% of unsupplcrncntcd hcifcrs at thc samc age
(Mcircllcs ct al., 1994. Howcvcr, excessivo amounts 01'
supplcrncntation can incrcasc fat deposition in lhe uddcr
and reduce milk yield (Owens et al., 1993).

Continuous levels of adequare fccd and growth are not
essential. Fortunatcly, compcnsatory wcight gains can
ovcrcome the cffccts of low levels 01' cncrgy early in ihc
fceding period. In one study (Pcnno ct al., 1995),
Holstein heifers (10 weeks of age) wcrc Icd to achicvc
wcight gains of 0.8, 0.6 or 0.4 kg/day. The pcrccntage
of pubcrtal heifers at 11.5 months of age was 95%, 65%
and 2% ar livcweights of 268, 242 and 186 kg,
respectivcly. Whcn cach group avcragcd 200 kg, they
were then fed to gain 0.7 01' 0.5 kg/day. AI 15 months 01'

age, only 82% of hcifers initially fed the l11ediul11 or low
energy levei followed by the low levei had reachcd
puberty, bul 100% of ali lhe olheI' hcifers had reachcd

4
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pubcrty, I Iowcvcr, nutrition, livcwcight and time 01'
pubcrty did not atfcct conception date or prcgnancy rate.

Controlling parasitcs can also havc an cffcct on puberty
and rcproductivc pcrformancc, Bccf hcilcrs givcn
ivcrrncctin at 7 and I I moruhs of age and maintained on
a marginal plane of nutrition had better wcight gain,
carl icr pubcrty ,1I1U h ighcr prcgnancy raie than non-
trcatcd hcilcrs (Larson ct al., 1<)<)5).

PUBERTY lN TIlE MALE The onsct 01'
spcrmutogcncsis in thc ma!c is a gradual proccss,
occuring ovcr an cxicndcd pcriod. In a rcccnt study in
crossbrcd bccf bulls (Evans ct al., 19%), L11 lcvcls
incrcascd bctwccn 4 and 25 wceks 01' age. Circulating
icstostcronc conccntrations increased gradually frorn 6 to
35 wccks and thcn rapidly to 42 wccks, Thc numbcr 01'
cells in thc advanccd siagcs 01' spcrmatogcncsis
incrcascd subst.uuially bctwccn 15 and 45 wccks 01' age.

Thcrc is opiodcrgic inhibiiion 01' UI sccrction in young
buli calvcs; bctwccn 12 and 18 wccks, th is inh ibition
dccrcascd. rcsulting in incrcasc LI·I pulse frcqucncy
(Evans ct al., 1(93). Conscqucntly, ihcre is nn carly
transicnt risc in gonadotroph in sccrction bctwccn 10 and
20 wccks ofage in buli calvos (Evans et al., 1(95). ln a
study comp.uin]; bulls dcfincd as carly 01' late muturing
(rcachcd pubcrty at 41.9 and 48.3 wccks, rcspcctivcly),
scrum conccntrations 01' LlI wcrc significantly grcatcr in
carly maturing th.u: l.uc-muturing bulls Irorn 12 to 17
wccks 01' age, but thcrc wcrc no signilicant dilfcrcnccs in
conccntrations 01' FSII 01' tcstostcrone. I

Pubcrty and scmcn traits wcrc asscsscd in l-lolsicin and
l lolstcin x Gil' bulls (Frcncau et al., 19<)I). Thcrc was no
significam diflcrcncc in age at sexual maturity (12.2
months ror cach). Scmcn traits wcrc not significantly
diffcrcnt Irom () to 13 months 01' age; Irom 14 to 18
months, purcbrcd bulls tcndcd to havc srnallcr cjaculatcs,
more motilc spcnnatozoa and highcr spcrm
conccntrations.

In onc siudy wirh lricsan bulls (Alvarcz ct al., 1(95),
l lolstcin bulls wcrc ICd (from birth to I ycar of age) 100,
115, 122, 01' 130% 01' thc rccornmcndcd levei 01' dictary
cncrgy. ln thcse bulls, lhe avcragc age at onsct 01' spcrrn
production was 327, 271, 314 ancl33S days, Bulls Icd
lhe cliel with 1 15% 01' recommenclecl energy levels had
lhe largest testicular volume, best libido and producecl
more and better qualily spermatozoa. 110wever.
e.\cessive Ievels of cnergy \Vere cletrimental. 11igh levels
01' clietary energy red to bulls alieI' weaning can reduce
both thc quality and quantity of spcrmatozoa (Coulter
and Kozub, 1(84): some 01' these elTects may be due to
increased testicular temperature due to the deposition of
rat in the I1cck of the scrotum (Couiter et aI., 1997;
Kastelic et aI., 1996e).

GENETIC EFFECTS ON PUBERTY - Considerable
gcnctic variation cxists within and between breeds 01'
bccf cattle for age at pubcrty (Martin ct al., 19(2). ln
general, fast-growing brccds 01' largcr rnaturc sizc rcach
puberty latcr than do slow-growing breeds of smallcr
maturc size: breeds with highcr milk yicld rcach pubcrty
[astcr than brccds with lowcr milk yicld (Murtin ct al.,
19')2). I lctcrosis lias a poxit ivc influcncc 011 pubcrty:
crossbred hcifers rcach pubcrty at youngcr ages ano
hcavicr wcights than purcbrcds. Scrotal circumícrcncc is
an cxccllcnt indicator 01' age at pubcrty in ycarling bulls,
Largcr scrotal circumfcrcncc in bulls is rclatcd 10 carly
onsct of pubcrty in Icrualc progcny (Martin ct al., 1(92).
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