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ABSTRACT



Abstract

Dairy heifers in industry at present are frequently falling short of the recommended
liveweight targets. Rearing of dairy heifers is expensive and involves a two-year non-
productive period after which, if she becomes pregnant, income can be received from
milk production. Milk yield in first and second lactation is affected by a heifer’s live
weight prior to calving and therefore meeting liveweight targets is critical for
subsequent milk production. Those heifers that fail to become pregnant are of
considerably lower value than those that become pregnant. To maximise the chance for
heifers to become pregnant, heifers need to have completed a number of oestrus cycles
prior to the planned start of mating. Mating of heifers during the third oestrus cycle
compared with the first oestrus cycle after reaching puberty, provides an increased
probability of the heifer becoming pregnant.

This thesis contains two experiments. The aim of the first experiment was to measure
the effects on average daily gain, wither height, girth and crown-to-rump length, of
feeding 6-month-old dairy heifers on alternative feeds, over the summer period when
pasture quality and availability is limiting. Sixty 6-month-old Friesian-Jersey crossbred
heifers were assigned to 1 of 3 treatments (pasture (P), conserved forages (C) or
Lucerne (L), with all treatments receiving supplementary meal). Heifers were weighed
at 0, 3 and 6 weeks of treatment period, and wither height, girth and crown-to-rump
length were measured at the start and end of the experiment. L heifers had a greater
(P<0.05) average daily gain (1.22 + 0.03 kg/day) than P heifers (0.57 £ 0.03 kg/day),
and C heifers were intermediate (0.78 + 0.03 kg/day).

The aim of the second experiment was to determine the effect that live weight,
percentage of individual liveweight target achieved and achieving individual liveweight
target at 6, 9, 12 and 15 months of age had on 5 reproductive parameters: reaching
puberty by 12 & 15 months of age; becoming pregnant during a 7 week mating period;
becoming pregnant in the first 3 weeks of mating; and becoming pregnant in the first 6
weeks of mating. Heifer live weights were recorded approximately every month.
Scanning of the heifers’ ovaries at 12 and 15 months of age was completed to determine
whether each heifer had reached puberty by the respective age. Natural mating was
completed over a seven-week period, and age of the fetus was estimated at pregnancy

scanning was to determine in which cycle the heifer became pregnant. There was no



effect on the pregnancy parameters measured as a result of live weight, reaching live
weight target and the percentage of liveweight target achieved. Heifers that were
heavier at 6, 9 and 12 months of age had an increased likelihood of reaching puberty by
12 months of age. Increased average daily gain was achieved from heifers grazing
Lucerne, with supplementary meal also fed, although these increased average daily
gains had limited benefit on reproductive performance of the heifers at first breeding.



ACKNOWLEDGEMENTS



Acknowledgements

I am extremely grateful to my supervisors, Dr Rebecca Hickson and Dr Penny Back for
time and work that they have spent in assisting me in completing this thesis. | have
learnt a lot throughout the last two years from both of my supervisors and | am sure |
will take these lessons learnt with me into the future. I would also like to thank IVABS
technician Natalia Martin for assisting in the completion of all the field work required to
complete the experiments within this thesis. Additionally, 1 would like to thank
technician Geoff Purchas for assisting in the completion of field work. | would like to
thank the technical assistance provided by Mr Neil Smith (Massey University Riverside
Farm Manager), Mrs Barbara Adlington and Ms Anne Tunnicliffe for their technical
assistance in completion of laboratory work required for faecal egg counts and facial
eczema spore count completion, and Dr. Will Tulley for his technical assistance.

The completion of the research required in this thesis would not have been possible
without the funding provided by the Massey University Research Fund, the McGeorge
Research Grant and Massey Agricultural Experimental Station, and | am grateful for the
provision of this financial support. The personal financial support provided through
scholarships by the Landcorp Farming “First Step” Bursary, the Helen E Akers
Postgraduate Scholarship, the Peter During Scholarship and the D J McGowan

Scholarship were all greatly appreciated.

I would like to thank my friends and fellow post-graduate students: Cindy Little, Kelly
Collier, Jordan Berry, Nicola Law, Sulav Shrestha, Heidi Anna Jack, Isabel Tait, and
Rhiannon Handcock, to name a few, for providing me with entertainment throughout
the two years it has taken to complete this thesis. If it was not for the support provided
by them | would not have been able to get through the long nights and long weeks spent
in the post-grad study room. Also, | would like to thank my flatmates for providing me
with a house that feels just like home and plenty of moments that I will remember for a

many years to come.

Finally, 1 would like to thank my family for providing the support needed to enable me
to complete this thesis. There have been many times when a brief phone call or a home
cooked meal has allowed me to relax and to unclutter my thinking allowing me to get

back on track.



TABLE OF CONTENTS

Vi



TABLE OF CONTENTS

ABSTRACT .ttt e b bbbt bt bt bt b e e bt bR e bt bt et e be e b ebe e b nre s i
ACKNOWLEDGEMENTS ...ttt bbb bbb s e e iv
TABLE OF CONTENTS ...ttt ettt sbe e s n e be s Vi
LIST OF TABLES. ... .ot bbbttt sb et be bt be e iX
LIST OF FIGURES ...ttt ettt et b e sb e sbb s nbeenbeebe e Xii
LIST OF ABREVIATIONS ..ottt bbbttt Xiv
CHAPTER ONE ...ttt sttt st sttt et e be e b e e sbe e s bneenneane e 1
1.0 INEFOTUCTION ...ttt 2
1.1 ReqUIremMeNts OF NEITEIS ........ciiiiiiiiee e 3

ORI (T T T 13 T Y2 PRSP 3

I\ 1 |5 o] £ (1T o] o SRS 5

1.1.3 LONQEVILY OF NEITEIS ... 6
1.2 Growth rates Of NEITEIS........cviiiii s 7

1.2.1 Prepubertal growth rates and the effects of prepubertal growth rates on production....... 7

1.2.3 Postpubertal growth rates and the effects of postpubertal growth rates on production . 10

1.2.5 COMPENSALOY GIrOWLEN .....cueiiiiiiiiteieeie et e 12
IR I I AT Lot o ) =T [=] OSSR 13
1.3.2 Expected mature lIVeWeight Targets .........cooviiiiiiiriiereeeee e 14
1.4 Current situation of heifers in iINAUSTIY ... s 15
1.5 Growth of heifers on pasture in New Zealand ............cccccocceiviii i 15
1.6 Alternative methods for increasing live weight gainS/ADG ...........cccooviiiieneieneeieins 16
1.6.1 Supplementary meal and conserved fOrages........ccocuvveieiveieiiecicse s 16
1.6.2 AREINALIVE TOTAGES ... .cveitiieiiteiteite ettt bbbt 16

1.7 SUMMArY and ODJECLIVES ......coviiiiie et sre et re e re e ras 18
CHAPTER TWO ..ttt bttt b e bt et e bt sbe et e nbeesbeesneennee 19
2.1 INEFOTUCTION ...t r e 20
2.2 Materials and MELNOUS ..........ocuiiiiiiieii e 21
2.2. 1 ANIMAS ... 21
2.2.2 TIEALMENTS. .. ettt et r et nr e en e nr e n e e 21
2.2.3 IMTBNAGEIMIENT. ...ttt sttt ettt bbbt bbbt et bt bt e bt b e e bbbt e 22
2.2.4 ANIMal MEASUIEMENTS........eiriieiieiieiesie e 23
2.2.5 PaStUIE MEASUIBIMENTS ......ueiuiiitietieterie ettt bttt e bbb bbb e enn e 23

p N I v Y - Vo | 1T T S 25
2.3.7 STAtiStICAl ANAIYSIS. ....cviiviieeieiee e 25



R I = (L ] £ RN 27

2.3. 1 LIVE WEIGNT ...t 27
2.3.2 AVErage daily gAINS........cccveiiii e e e 28
2.3.3 LIVEWEIGNT tAIQELS. ...uie et sr et sne e 28
FZ T O T4 1 S SSPS 29
2.3. 5 HEIGNL At WITNEE ..o st sre e 29
2.3.6 Crown-to-rump IENGEN .....ooii 30
2.3.7 Quality OF NEIDAGE......ee e e 31
2.3.8 HEIDAGE MASSES ...ttt 36
2.3.9 Botanical COMPOSITION .......c.oiiiiiiiiicic et 37
2.3.10 FAECAI BOG COUNT ..ottt e 39
2.4 DISCUSSION ...tttk bbb bbb bbbttt bbb 40
2.5 CONCIUSTON ...ttt bbbt bbbt b 42
CHAPTER THREE ... .ottt bbb 43
Bl INEFOUUCTION ...t b bbbt 44
3.2 Materials and MEtNOAS ...........ooveiiiiiiiee e 45
BL2. 1 ANIMAIS ..ot 45
3.2.2 MANAGEIMENL. ...ttt b e b e s bt se e b sneenesr e e e e nreereene s 45
3.2.3 ANIMAl MEASUIEIMENTS .......cuitiiiiteiiitteete ettt b et 46
3.2.4 Data NANAIING ...ttt 47
3.2.5 StatiStICAl ANAIYSIS .....c.eeiviiiciicecee et p et 48
BLB RESUITS ... 49
32 DIESCUSSION ...ttt sttt etttk b bttt h bbbt bbb s e bt e bbbt e st bt e ebeene b 62
3.5 CONCIUSION ...ttt bbb 66
CHAPTER FOUR ...ttt sttt bbb et e e nbe e sbe e seeennee e 67
4.1 GENEIAL HISCUSSION ...ttt 68
4.2 Limitations OF EXPEITMENTS ........oiiiiiiirieieei e 69
4.3 FULUIE TESBAITI ...ttt b et 70
O 3 Tod 1115 o] o SRS RSPRSRN 71
REFERENCES ...ttt ettt sb e bt s e st st e b e e nbeenbeas 72
5.1 RETEIBINCES. ... .ttt 73

viii



LIST OF TABLES

Table 1.1. Differences observed in milk production between heifers that had a greater
growth rate during the prepubertal period compared to those that had a lessor growth
rate during the prepubertal period.............ooiiiiiii i 9

Table 2.1. Initial live weight and live weight of heifers in Pasture, Conserved Forages
and Lucerne treatment groups. Values are least squares means * standard error of the

Table 2.2. Average daily gain (ADG) of heifers in Pasture, Conserved Forages and
Lucerne treatment groups. Values are least squares means * standard error of the

Table 2.3. Percentage of heifers that reached liveweight target in Pasture, Conserved
Forages and Lucerne treatment groups. Liveweight targets were calculated by linear
interpolation between industry targets for 6 to 9 months of age and percentage heifers
that reached liveweight target oneach date..................cooiiiiiiiiiiii e, 28

Table 2.4. Girth and change in girth of heifers in Pasture, Conserved Forages and
Lucerne treatment groups. Values are least squares means * standard error of the

Table 2.5. Wither height and change in wither height of heifers in Pasture, Conserved
Forages and Lucerne treatment groups. Values are least squares means * standard error
OF N MBAN. ... e 29

Table 2.6. Crown-to-rump length and change in crown-to-rump length of heifers in
Pasture, Conserved Forages and Lucerne treatment groups. Values are least squares
means + standard error of the mean...............oiiiiii i 30

Table 2.7. Results from wet chemistry and in vitro digestibility analysis of hand grab
samples for complete diets of Pasture, Conserved Forages and Lucerne treatment groups
measuring: Crude Protein % (CP%), Neutral Detergent Fibre % (NDF%), Acid
Detergent Fibre % (ADF%), in vivo Dry Matter Digestibility (DMD), in vivo
Digestibility of Organic Matter in Dry Matter (DOMD), in vivo Organic Matter
Digestibility (OMD) and Ash %. Values are least squares means + standard error of the

Table 2.8. Pre-grazing herbage masses (kg DM/ha) from the weekly breaks, for the
forages within the Pasture, Conserved Forages and Lucerne treatments. VValues are least
squares means + standard error of themean....................cooiiiiiii 36

Table 2.9. Post-grazing herbage masses (kg DM/ha) from the weekly breaks, for the
forages within the Pasture, Conserved Forages and Lucerne treatments. Values are least
squares means + standard error of themean....................cooiiiiiiii i 37



Table 2.10. Botanical Composition results on Do for pasture used in the Pasture
TP BN, L. 37

Table 2.11. Botanical composition results on Do for herb crop (plantain (Plantago
lanceolata), chicory (Cichorium intybus), white clover (Trifolium repens) and red
clover (Trifolium pratense) used in the Conserved Forages treatment................... 38

Table 2.12. Botanical composition results on Do for lucerne (Medicago sativa) used in
the LUCEINE treatment. ... ... e e e e 38

Table 2.13. Faecal egg count results from 10 randomly selected heifers from all heifers
used in the trial on D.s and D.i4, and from the samples collected from Pasture,
Conserved Forages and Lucerne treatments on Do, D21 and Dasi. Values are raw

Table 3.1. The number of heifers that did and did not reach puberty by 12 (Pub12) & 15
(Pub15) months of age, become pregnant (Preg), become pregnant in the first 3 weeks
of mating (Preg3) and become pregnant in the first 6 weeks of mating (Preg6).......... 49

Table 3.2. Correlation coefficients of heifer live weights at 6, 9, 12 and 15 months of

Table 3.3. The mean (+ standard deviation), minimum and maximum values for live
weight of heifers, percentage of individual liveweight target achieved by heifers and the
percentage of heifers that had reached their individual liveweight targets at 6, 9, 12 and
15 MONINS OF A8, ... et 50

Table 3.4. The percentage of heifers that had reached puberty by 12 (Pub12) and 15
(Pub15) months of age, pregnant (Preg), pregnant in the first 3 weeks of mating (Preg3)
and pregnant in the first 6 weeks of mating (Preg6) based on achieving or not achieving
individual liveweight targets at 6, 9, 12 and 15 months of age. Values are presented as
back transformed probabilities + standard error and odds ratio (95% CI)................ 51

Table 3.5. The effect that live weight (Lwt; kg) and the percentage of individual
liveweight target (%TAR) achieved by heifers at 6, 9, 12 and 15 months of age had on
puberty by 12 (Publ12) and 15 (Pub15) months of age, pregnancy (Preg), pregnancy in
the first 3 weeks (Preg3) and pregnancy in the first 6 weeks of mating (Preg6). Values
are presented as odds ratios (95% CI). Odds ratios significantly different to one are
SNOWN INDOID. ... e 52

Table 3.6. The effects of puberty in heifers by 12 months of age (Pub12) on pregnancy
(Preg), pregnancy in the first 3 weeks of mating (Preg3) and pregnancy in the first 6
weeks of mating (Preg6). Values are presented as probabilities (95% CI) (back
transformed) and odds ratios (95% Cl).......coiniiiiiiii e 61



Table 3.7. The effects of puberty in heifers by 15 months of age (Pub15) on pregnancy
(Preg), pregnancy in the first 3 weeks of mating (Preg3) and pregnancy in the first 6
weeks of mating (Preg6). Values are presented as probabilities (95% CI) (back
transformed) and odds ratios (95% Cl).......c.iniiiriiii e 61

Xi



LIST OF FIGURES

Figure 2.1. Crude Protein content (CP%) for the whole diets of Pasture (P) ( ),
Conserved Forages (C) (s+eeeee-* ) and Lucerne (L) (= = = :) treatments from Do to
D 32
Figure 2.2. Neutral Detergent Fibre content (NDF%) for the whole diets of Pasture (P)
(=, Conserved Forages (C) (-eeeeee- ) and Lucerne (L) (= = =) treatments from Do
L0 TN D 33
Figure 2.3. Acid Detergent Fibre content (ADF%) for the whole diets of Pasture (P)
( ), Conserved Forages (C) (reeeeee- ) and Lucerne (L) (= = =) treatments from Do
L0 T 33
Figure 2.4. In Vivo Dry Matter Digestibility (In Vivo DMD) for the whole diets of
Pasture (P) ( ), Conserved Forages (C) (seeeeeeee ) and Lucerne (L) (= = =9
treatments from Do t0 D3a.....o.vrinii i e 34

Figure 2.5. In Vivo Digestibility of Organic Matter in Dry Matter (In Vivo DOMD) for
the whole diets of Pasture (P) ( ), Conserved Forages (C) (s++=-* ) and Lucerne (L)
(= = =) treatments from Dot0 Das......c.oviviniiiiii 34

Figure 2.6. In Vivo Organic Matter Digestibility (In Vivo OMD) for the whole diets of

Pasture (P) ( ), Conserved Forages (C) (eee-- ) and Lucerne (L) (= = =) treatments
TrOM Do 10 Dad. .t e 35
Figure 2.7. Ash Percentage (Ash %) for the whole diets of Pasture (P) ( ),
Conserved Forages (C) feeeeeees y and Lucerne (L) ( = = =) treatments from Do to
D S 35
Figure 2.8. Metabolisable Energy Content (ME) for the whole diets of Pasture (P)
( ), Conserved Forages (C) ¢+e<--- ) and Lucerne (L) (= = =) treatments from Dg
[0TSR 36
Figure 3.1. The probability of puberty in heifers by 12 months of age (P(Pub12)) in
relation to live weight (kg) at 6 (——, P =0.001), 9 (=== , P=0.002) and 12 (----- :
P = 0.001) months of age. Probability values are back transformed linear
TS0 LT PP 53

Figure 3.2. The probability of puberty in heifers by 12 months of age (P(Publ12)) in

relation to percentage of individual liveweight target achieved at 6 (——, P = 0.001), 9
(seeeeee ;P=0.001) and 12 (-=---- , P =0.004) months of age. Probability values are back
transformed linear eStIMALeS. ... ....oiie i 54

Figure 3.3. The probability of puberty in heifers by 15 months of age (P(Publ5)) in

relation to live weight (kg) at 6 (——, P =0.036), 9 (------- , P =0.078), 12 (----- ,P=
0.045) and 15 (— —, P = 0.023) months of age. Probability values are back transformed
[INEar @StIMATES. ... et 54

Xii



Figure 3.4. The probability of puberty in heifers by 15 months of age (P(Pub15)) in

relation to percentage of individual liveweight target achieved at 6 (——, P = 0.060), 9
(eereeeees ,P=0.118), 12 (----- , P =0.071) and 15 ( — —, P = 0.040) months of age.
Probability values are back transformed linear estimates.......................ccoeeene.e. 55

Figure 3.5. The probability of pregnancy (P(Preg)) in heifers in relation to live weight

(kg) at 6 (==, P = 0.676), 9 (- , P=0.956), 12 ¢=--- , P =0.615) and 15 (— —,
P = 0.814) months of age. Probability values are back transformed linear
T4 LS 56

Figure 3.6. The probability of pregnancy (P(Preg)) in heifers in relation to percentage

of individual liveweight target achieved at 6 (——, P = 0.893), 9 (-+++--- ,P=0.817), 12
(-=-=--- , P =0.839) and 15 (— —, P = 0.897) months of age. Probability values are back
transformed linear eStIMALeS. ........ooviriei e 57

Figure 3.7. The probability of pregnancy in the first 3 weeks of mating (P(Preg3)) for

heifers in relation to live weight (kg) at 6 (=——, P = 0.966), 9 (-++---- , P =0.999), 12
(===-- ,P=0.474) and 15 (— —, P = 0.287) months of age. Probability values are back
transformed linear eStIMALeS. ........ooviriei e 58

Figure 3.8. The probability of pregnancy in the first 3 weeks of mating (P(Preg3)) for

heifers in relation to percentage of individual liveweight target achieved at 6 (—— , P
=0.837), 9 (-eoveeee- ,P=0.842), 12 (===-- , P=0.618) and 15 (— —, P = 0.421) months
of age. Probability values are back transformed linear estimates........................... 59

Figure 3.9. The probability of pregnancy in the first 6 weeks (P(Preg6)) for heifers of

mating in relation to live weight (kg) at 6 ( ——, P = 0.986), 9 ( --++--y P = 0.719), 12
(----- , P=0.954) and 15 ( — — , P = 0.746) months of age. Probability values are
back transformed linear eStimates. ..........o.iiiirii e 59

Figure 3.10. The probability of pregnancy in the first 6 weeks of mating (P(Preg6)) for

heifers in relation to percentage of individual liveweight target achieved at 6 (——, P =
0.922), 9 (c+eeeeeer , P=0.663), 12 (==--- , P =0.978) and 15 (— —, P = 0.670) months of
age. Probability values are back transformed linear estimates........................... 60

Xiii



LIST OF ABREVIATIONS

Acid Detergent FIbre content ............o.viuiiiiiiiiiiiiiiii i, ADF%
ASH CONENT ..t Ash%
Average Daily Gain .......ooiiiiiii e ADG
Body CONAItION SCOME ..ottt e e e e BSC
Breeding ValUues ......c.ooiuiiiiii i BV

Conserved FOTages .. ...oouiiiiii i C
Corpus LULBUIM . ..ot e CL
Crude Protein . ......ouii e CP
DY e D

DIy Matler ... e DM
Dry Matter Intake .........oooiiii e DMI
Faecal EgZ Count ... ..o FEC
In Vivo Dry Matter Digestibility ..........ccoooiiiiiiiiiiiiiiiieeae, In vivo DMD%
In Vivo Digestibility of Organic Matter in Dry Matter .................... In vivo DOMD%
In Vivo Organic Matter Digestibility ............ccoooviiiiiiiiiiiinn..n. In vivo OMD%
KAlOZram .. ..o kg
LUCETNE ..o e L
Metabolisable ENergy .........oviiiiiiii e ME
D L2 033 N
Neutral Detergent Fibre content ............oooiiiiiiiiiiiiii e NDF%
Pasture ... P
Planned Start of Calving ..o PSC

Xiv



