
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



F EED INTAKE C APA CITY AN D R EPRODUCTIVE 

PERFORMANC E  IN HOLSTEIN-F RIESIAN COWS 

D I FFER ING GENETICALLY FOR BOD Y WEIGHT 

ALFREDO CAICEDO CALDAS 

2000 





FEED INTAKE CAPACITY AND REPRODUCTIVE 

PERFORMANCE IN HOLSTEIN-FRIESIAN COWS 

DIFFERING GENETICALLY FOR BODY WEIGHT 

A thesis presented in partial fulfilment of the requirements for the d egree o f  

Master of Applie d Science in Animal Science 

I nstitute of Veterinary, Animal and Biomedic al Sc iences 

Massey Univer si t y  

Palmerston North, New Zealand 

Alfredo Caicedo Cal das 

2000 





This t hesis is entirely dedicated to my mother Mercedes. To you ,  I owe 

more than words can say. Tha n k  you for you r  endless love. 





V 

The work out l ined i n  this study was intended to evaluate some differences 
between cows from two genetic l ines of Holstein-Friesian  ( HF) cows, which 
have been selected for either heavy or l igh t  l ive weight, but are of simi lar 
high genetic merit for mi lk production. The two aspects studied in  this t hesis 
were, feed intake capacity and their reproductive performance because 
these characteristics can have important  effects on efficiency of the c ow, 

and they may be affected by selection for l ive weight. 

I n  both 1 998 and 1 999, 1 6  and 24 pregnant non-lactating high genetic merit 
Holstein-Friesian cows, which differed genetical ly in size and weight, were 
selected from the h igh (H )  and low (L) breeding value for live weight (LW) 
herd at DCRU Massey U niversity, with eight  and  1 2  animals for each l ine in 
1 998 and 1 999 respectively. These were fed to appetite on hay ( 7.52 MJ 
M E/kg DM in 1 998) and on pasture ( 1 1 . 1  MJ M D/kg DM in 1 999) in  order to 
measure the maximum voluntary feed intake capacity. The d ifference 
between the strains in DMI  per cow per day was high ly significant ( P<0.0 1 )  in 
both years. The h eavy cows ate 1 2 .52 kg DM of hay and 1 3. 1  0 kg DM of 
pasture in 1 998 a n d  1 999 respectively, whi le the l ight cows consumed 1 1 . 1 1 
kg DM of hay and 1 1 .63 kg DM of pasture in 1 998 and 1 999 respectively. The 

regression coefficients generated show that for each 1 00 kg increase in  LW, 
daily dry matter intake per cow increased by 1 .43 and 1 .8 1 respectively in 
1 998, and 1 999,  a positive correlation between DMI/cow/day and l ive 
weigh t. Overal l  least squares means values for DMI/cow/day in 1 998 and 
1 999 were 1 1  .8 1 and 1 2 .36 which indicates that cows in the first year ate 4 .4% 
less hay DM/cow/day than cows on pasture in the second year. S imi larly, 
the overa l l  least squares means values for D MI/cow/day for H and L cows 
were 1 2.8 1 and 1 1  .37, which indicates that H cows ate 1 1  .2% more DM than L 
cows. The relation between metabolizable e nergy intake (MEI ) /cow per day 

and LW was a lso significant ( P<0.0 1 ) and ( P<0.05) for both years 1 998 and 
1 999 respectively. Least squares means for ME I  by l ine as a treatment  and 
after adjustment by parity number were 94.5 and 1 44.7 MJ ME/cow per day 
for the H cows, and  83.9 and 1 28.4 MJ ME/cow per day for the L cows, in 
experiment one and two respectively. Regression analysis of the data after 
conversion into log10, showed that DMI  increased in proportion to LW0.66 and 
Lwo.6s in 1 998 and 1 998 respectively. These results indicate that l ighter cows 
are not disadvantaged relative to the heavier cows in their capacity to  eat 
feed in excess of their maintenance requirement, which are general ly 
assumed to increase in proportion  to LW0.7s. 

The reproductive performance of Holstein-Friesian cows differing genetical ly 
for live weight at Massey University was eva luated for the 1 998- 1 999 period . 
The aim of the study was to evaluate and compare the reproductive 
performance of the heavy ( H )  and l ight (L) cows two year old, three 



vi 

year & older and a l l  age groups. Differences between genetic lines were 
evaluated for calving intervals: three week calving rate, calving to first 

service (CFS) , planned start of m ating to first service (PSMFS) , calving to 
conception (CC), p lanned start of m ating to conception (PSMC) , first service 
to conception (FSC) and calvin g  interval (Cl )  a nd percentage of induced 
cows. In addition, 2 1  days submission ·rate (SR), conception rate to first 
service (CR FS) , percentage of cows treated with C IDRs and  e mpty rate were 
a lso evaluated. Light cows showed a more concentrated calving pattern 
than  the H cows, and a higher percentage of L cows ca lved in the first 3 
weeks tha n  H cows ( 72% and 62% respectively) . Cows in the H l ine had a 
higher proportion of induced calv ings. There were no significant differences 
between H and L cows in CFS, CC, PSMC, FSC and Cl. However, the 
difference in PSMFS between the strains was significant (P<0.01 ) : H cows had 
shorter intervals than L cows (8 d ays and 13 days respectively). Submission 
rate at 2 1  days was significantly higher (P<0.001) for H cows than L cows (96% 

and 85% respectively) , and H cows had lower CRFS than L cows (50% and 
7 4% respectively; P<0.05) .  Similarly H cows tended to have a higher 

proportion of empty rates and CIDRs  than the L cows. The combination of 
lower conception rate at the first insemination and the later calving 
extended the conception and ca lving pattern for the H cows and at the 
sa me time increased the probability of an induced calving. These results 
i ndicate that light cows had higher CR FS, achieved a more concentrated 
calving p attern and fewer needed to be induced to calve than heavier 
cows. 
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GENERAL REVIEW 





General review 

1. 1 New Zealand Pastoral System 

New Zea land's intensive grass land systems are a lmost entirely rel iant 

on grazed pasture .  These systems have important constra ints on 

animal  production . Most sign ificant  is the need for some compromise 

of individu a l  animal  performance to achieve high levels of pasture 

uti l ization a n d  sti l l  maintain a n  a n nua l  cycle of an ima l  production 

( Pen no et  al . ,  1 995) . However, to achieve high levels of pasture 

uti l ization there must be enough cows to eat a l l  the feed avai lable 

within the farm system each year. 

Pen no, ( 1 999 )  pointed out that stocking rate is a simplificat ion of the 

relationship between feed demand a nd feed supply, where the 

number of cows provides a measure of the a n nual  feed demand and 

a hectare provides a measure of  how much feed i s  avai la ble. 

Undoubtedly, the number of cows farmed per hectare has a large 

effect on  feed demand, but the cow's  size a nd a n nua l  mi lk  

production determine the feed req uirements of the cow. The a mount 

each cow eats over a season i s  highly dependent on the a mount  of  

feed avai lab le, a nd when i t  i s  avai lab le relative to the demand for 

feed by the herd . In order to maximize the efficiency of feed 

util ization ,  it requires a higher proportion of the avai lable pasture to be 

harvested at each grazing ( Penno,  1 999) . The herd wi l l  graze harder 

as cows become increasing ly u nderfed relative to t heir feed 

requirements .  Thus ,  achieving h igh levels of pasture uti lization 

efficiency requires that the feed demand of the herd be sl ightly jn  

excess of pasture supply .  That  is, efficiency o f  pasture uti l ization 

increases with increasing levels of u nder feeding ( Pe n  no,  1 999) . 

17  
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However, reduced levels of feeding cause reduced milk production 

and feed conversion efficiency by the cows. 

The stocking rate should therefore balance the main objectives of 

generous feeding to achieve h igh levels of efficiency of mi lk 

production per cow and sl ight  u nder feeding to achieve high levels of 

pastu re uti l ization to optimise farm profitabi lity. When stocking rate 

was increased production per cow decreased (Pen no, 1 998) , which is 

to be expected as the feeding level of each cow decreased with an 

increase in stocking rate . An example in dairying systems is where ful l  

feeding of cows in  early lactation is compromised in order to a l low 

high stocking rates that are capable of converting most spri ng  pasture 

growth into mi lk  ( Bryant, 1 98 1 ) .  l t  is because stocking rate has such a 

dominant effect on animal demand and pasture use that it is seen as 

a major factor governing h igh a nimal  output per hectare from 

grass lands ( Penno, 1 999) . 

The situation on New Zealand dairy farms can be i l lustrated by 

comparing average pasture growth rates with estimates of the stock 's  

feed requirements during different months of  the year (Sheath et al., 

1 987) . Growth rates can vary widely from year to year depending 

upon the weather situation ,  and therefore the seasonal  pasture 

growth does not provide a un iform feed supply throughout the year 

and it creates the need to fit catt le feed requirements to the pasture 

growth pattern in order to minimize the waste of pasture and the need 

for supplementary feeding ( Figure 1 - 1 )  Thomson and Holmes, ( 1 995) . 
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Figure 1-1. Pasture growth and feed requirements throughout the year. Thomson et 
al., (1995) . 

1.1.1 Pasture Cover 

Average pasture cover is the a verage of the herbage mass ( kg 

DM/ha ) present on each paddock at one time, that is the net resu lt of 

the difference between rate of pasture growth a n d  pasture 

consumed . When a forward transfer of pasture "on the paddock" is 

planned, a h igh average pasture cover is generated and th is is then 

gradual ly depleted by careful ration ing of  pasture. For  effective feed 

planning knowledge of the desired pasture cover at critica l  t imes of 

the year is essentia l .  Regular monitoring of pasture cover is important 

as it indicates i f  the p lan is  on target or if it needs to be modified . 

Holmes et al. , ( 1 993) suggested that  an  increase in average pasture 

cover at  t he  start of calving wou ld cause a n  increase i n  subsequent 

mi lk  production, at least in  early lactation .  Bryant and McDonald 

( 1 987) ,  concluded that  at  stocking rates of  3 .5  to 4 .2  cows/ha with a n  

average pasture cover of 1 200 t o  2000 kg DM/ha, a n  increase of 1 00 

kg DM/ha a verage pasture cover at  the end of Ju ly caused a n  

increase o f  3 kg mi lkfat per cow i n  4 months, a nd a n  increase i n  mi lkfat 

produced per hectare of about 1 0  kg . 

19 
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Extra pasture cover at ca lving can be obtained by severa l methods 

inc luding CD grazing-off to reduce feed demand on the farm, @ 

feeding extra supplements before ca lving and therefore decreasing 

pasture consumption, ® i ncreasing pasture growth throug h  the use of 

N itrogen fertil izer and @ by reducing the area grazed each day, or 

increasing the rotation length,  to reduce the rate of pasture 

consumption .  However, special care must be taken to ensure that 

excess pasture cover at ca lving is not accumulated as th is can lead to 

the wastage of pasture in late September due to increased 

senescence and reduced pasture regrowth ( Phil l ips et al., 1 994) . 

Pasture balance is achieved when the rate of pasture production is 

equivalent to the rate of pasture consumption .  Pasture growth rate is 

determined by the cl imate, soil fertil ity and moisture content, as well 

as, the p lant specie and by grazing management. On the other 

hand,  the rate of pasture consumption by the herd is control led by the 

level of pasture feeding per cow, the number of cow per hectare and 

the use of supplementation ( i f  appl icable) . In  that order, when feed 

demand exceeds the rate of pasture production ,  feed deficits occur 

a nd the opposite situation occurs during times of surp lus .  In  these 

cases carefu l feed planning and prompt implementation of grazing 

management throughout the year is needed to satisfy cows 

requirements and to uti l ise the pasture. 

1.2 The Seasonal Calving System 

1.2.1 C alvi ng pattern 

The p lanned start of calving ( PSC )  is commonly used to indicate 

whether a herd ' s  calving program commences before (early calving)  
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or after in late calving . The interval from the PSC to the mean calving 

date wi l l  indicate the compactness of the ca lving dates. l t  wi l l  a lso 

indicate how many days of lactation have been gained or lost by the 

average cow in one herd as compared to a nother herd ,  or  among 

groups of  animals with in a herd (e .g .  heifers vs. cows) (Macmil lan ,  

1 998) . 

Burke, ( 1 999) Pointed out that the primary rationale for a compact 

calving is to maximize uti lization of the spring  pasture f lush and cow 

days in milk ( D IM) . Therefore, in  seasona l systems it is important  to 

achieve a herd 's compact calving pattern to match the herd's peak 

mi lk production with  peak pasture growth ( Macmi l lan ,  1 984) . Equa lly, 

the drying off date of the cows is decided on the basis of pasture 

avai labi l ity, which usua l ly involves drying off most of the herd at  one 

time ( Brightl ing et al . ,  1 990) . Good reproductive performance is 

required to maintain a t ight calving pattern . The number of late 

calving cows and empty cows must be min imized to achieve low 

rates of induction a n d  herd wastage (Pen no,  1 998) . Also Hayes ( 1 998) 

pointed out that the ca lving pattern of a herd is the resu lt of 

reproductive performance in the previous season, cu l l ing strategies, 

stock purchases, pregnancy loss and inductions . In  addition ,  the 

actual c alving pattern will have a major impact on subsequent m ati ng 

performance because it  determines the n umber of days from c alvin g  

to the start o f  mating. For instance, Figu re 1 -2 (Hayes, 1 998) shows that 

heifers are commonly mated earlier than the adult herd so these 

animals can ca lve earlier than the herd . Despite this, the two year old 

cows in  their first lactation have relatively poor mating performance,  

which u ltimately resu lts in delayed calving (or induction or cu l l i ng )  for 

the lactation two cows. There are some variations between breeds for 

ca lving rates . Friesians have delayed calving relative to crossbreeds 

and jerseys . Cows that have twin ca lves tend to have shorter 

gestations and a bu l l  ca lf wi l l  delay calving ( Hayes, 1 998) . 
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Figure 1-2. The calving pattern for all cows in herds using DairyMAN (Hayes, 1998) .  

A noestrus, or non-cycl ing cows, and poor heat d etection are the 

primary cause of reproductive fai lure in New Zealand herds 

(Macmi l lan ,  1 995; Pen no e t  al., 1 998) . To maintain a concentrated 

ca lving pattern , non-cycl ing cows must be accurately identified and 

treated so that a l l  cows a re cycl ing normal ly at the p lanned start of 

m ating .  Macmil lan ( 1 997 ) , mentioned the main factors contributing to 

a noestrus :  age, breed, body condition score at ca lving and feeding 

level after calving . Young cows, particularly first carvers, have higher 

levels  of anoestrus than o lder cows. Friesians have higher rates of 

a noestrus than Jerseys. C ows that calve in l ighter condition ,  or are 

poorly fed after calving, a re s lower to cycle and h ave higher levels of 

a noestrus than better fed cows. 

Effects of breed , stockin g  rate and age on the incidence of 

a noestrous cows are sum marized in Table 1 - 1 using data from a DRC 

study at the N2 2 Dairy in  1 99 1  (McDougal l  et al . ,  1995) . The resu lts 

show that a prolonged a noestrus period is most l i kely to occur in 

Friesians rather than Jerseys; in  first or second Iodations rather than in 

later ones;  and at higher stocking rates with the associated reduced 



General review 23 -----------------------------------------------------------
levels of feeding. The animals most at risk are two years old Friesian 

animals in highly stocked herds where average daily milk yields are 

depressed through underfeeding. 

Table 1-1. Intervals from calving to first ovulation and first detected oestrus in Jersey 
(J) and Friesian (F) cows of different ages and grazed at two stocking rates (H vs L) 
(Macmillan, 1997). 

Stocking rate (cows/ha) 
Calving to ]sf ovulation (days) 

Calving to 1 sf oestrus (days) 
% ovulation by 50 days 

% in oestrus by 50 days 

Calving to Jsf ovulation (days) 
Calving fo ]sf oestrus (days) 

JL 

3.5 
28 
31 
100 
100 

2 yr 

40 
47 

Herd 

JH FL FH 

4.5 3.0 4.0 
31 29 49 
39 35 52 
89 87 50 
85 91 38 

Cowage 

3 yr >3 yr 

34 27 
38 33 

A second experiment at DRC showed that first lactation Friesians that 

calved with a low body condition score (4 to 4.5), gained more live 

weight in the second six weeks of lactation than equivalent Jersey 

animals (34 kg vs 25 kg; Burke eta/., 1995). Additional results from this 

trial are summarized in Table 1-2. They once again confirm the 

vulnerability of young Friesian cows to anoestrus, especially when 

calving at low live weight. 

Table 1-2. Intervals from calving to first ovulation and oestrus, and numbers of 
ovarian follicle waves to first ovulation in Friesian (F) and Jersey (J) heifers with high 
(H) and low (L) post-calving live weight (Macmillan, 1997). 

JL JH FL FH 

Calving live weight (kg) 279 334 354 404 
Calving to ]sf ovulation (days) 43 46 77 51 
Calving to ]sf oestrus (days) 60 55 85 62 

N° follicle waves to first ovulation 4.4 4.9 8.3 5.4 
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This does not mean that the young Jersey cow is not also at risk. Some 

observations of young Jersey animals indicate that those with 

significant American genetics, as well as high peak daily yields (> I kg 

milk fat), reach puberty at higher live weight and have extended 

periods of anoestrus (Macmillan, 1997). 

Low live weight and body condition are related with reduced fertility 

and higher heifer empty rates, partly because these lighter animals 

are less likely to have been cycling when bulls are introduced. 

Macmillan, ( 1994) found out that the lightest 10% of heifers were five 

times more likely to be empty, may be because of their younger age, 

sire effects on growth rate or disease. Also high empty rates among 

Jersey heifers were recorded in individual herds where animals from 

more than one herd were grazed together, or where two or three 
; 

breed types were derived from the same herd. This suggests that herd 

and breed differences, as well as live weight trends, all contribute to 

eJ!lpty rates. 

Lower fertility is more commonly seen among multiparous cows rather 

than primiparous heifers (Macmillan eta/., 1996°). This difference may 

vary with the standard of heifer rearing as well as the level of milk 

production at peak lactation in the cows. For example, in the USA, 

American Holstein heifers are mated at an average body weight of 

350 kg have pregnancy rates to first insemination (percentage of 

heifers pregnant to the first insemination/heifers inseminated) of over 

70% (Smith et a/., 1984; Macmillan et a/., 1996°). Whereas, Friesian 

heifers reared in New Zealand are mated at about 250 kg have 

pregnancy rates, which are 10 to 15% lower (Macmillan et a/., 1990; 

Macmillan & Peterson 1993; Macmillan et a/., 1996b). On the other 

hand, pregnancy rates to first insemination for cows in New Zealand 

herds average 60 to 65 % (Macmillan and Day 1982), whereas 

average rates in American herds are 20% lower (Nebel et a/., 1993). 
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The lower pregnancy rate to first insemination recorded in heifers in  

New Zealand may reflect effects of  under n utrition ,  especial ly d urin g  

the first winter, when they are from 1 0  t o  1 2  months o f  age. Wel l  

managed Friesian heifers reared solely on pasture can reach puberty 

before 1 2  months of age and average 350 kg at the breeding age of 

1 5  months (Pen no et  al. , 1 995; Macmi l lan et al. ,  1 996b) . Some 

contemporary animals that had restricted feeding and on ly averaged 

250 kg at  1 5  months had not reached puberty by this age. Calv ing 

patterns,  showing a fa i lure of heifers to calve as two year olds a n d  

extended calving t o  conception interva ls i n  two year old lactat ing 

heifers and the low body weights of New Zealand heifers at mating 

and calving, suggest that u nder nutrition is delaying puberty and  

affecting the reproductive performance o f  heifers i n  some New 

Zea land herds (Macmi l lan et al., 1 990) . 

1.2.2 Effects of ca lvi ng date on m ilk product ion 

Dates of calving have important effects o n  farm productivity by 

determin ing the timing of the herd 's mi lk supply and the large increase 

in the daily feed demands of the herd .  Since most cows are dried off 

together on  one date, differences between lactation lengths among 

cows in the same herd are genera l ly produced by each cow's calving 

date (Macmil lan, 1 984) .  Hence,  a cow which calves late compared 

to her herdmates, wi l l  have a shorter lactat ion and a lower tota l mi lk  

yield.  These effects are more pronounced d u ring a dry summer, when 

the whole herd is  l ike ly to be dried off early due to a feed shortage 

(Holmes et al., 1 985) . 

A series of tria ls carried out by Macmil lan ,  ( 1 984) comparing pairs i n  

different groups of  identical  twins :  one group  with concentrated and 

the other with norma l  calving pattern (Trials 1 -3) , both groups with the 

same PS date. I n  contrast, in  trial  fou r, both groups had a 
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concentrated pattern (35 days tota l spread) ,  which differed by 30 

days in  their mean calving date ( Ju ly vs August) . As pointed out by 

Garcfa et al., ( 1 999) the very concentrated calving periods in trial  four, 

a voided the confusion between calving date and calving pattern . lt 

s hows that earlier ca lved cows produced 22 kg of mi lk fat more than 

the later group, because of longer lactation length  (37 days) (Table 1 -

3 ) . W hile later calving cows produced higher yields in  November, 

because they were better fed in early lactation, this extra mi lk was not 

enough to overcome the deficit in days at the start .  Therefore, it 

wou ld appear that a compact calving pattern is desirable. However, 

care must be taken to ensure that the concentrated calving spread 

a n d  the increased feed demand does not cause a feed deficit and 

u nderfeeding in  early lactation .  Underfeeding in  early lactation can 

cause the early calvers to have reduced daily mi lk yields and to 

produce less in total than cows which ca lved later, despite the early 

ca lving cows having longer Iodations ( Holmes, 1 985) . However, this 

resu ltant pasture defici t  could be overcome by the feeding of 

supplements. 

Table 1 -3. Effects of calving pattern with the same PS date (Trials 1 to 3) or same 

calving pattern with varied PS date (trial 4) in groups of monozygous twins on 

production differences (Macmillan, 1984). 

Comparison 
Mean Lactation Production Av. Peak 

Ration Tria l  
calving length (days) kg m.fat/cow production NO (a) vs (b) 

date (days) (y) (x) kg/cow/day 
X, y 

C VS N 5 8 7 0.73 0.87 

2 C VS N 12 12 12 0.85 1.00 

3 C VS N 16 16 14 0.87 0.87 

4 C July vs N Aug 37 37 22 0.84 0.60 

C = concentrated calving pattern N = normal calving pattern 
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The relationships between calving date, the amount of feed on the 

farm, and the use of supplements are important .  I n  a trial where no 

supplements were fed ,  so that  the early ca lved cows were underfed in  

early lactation, Bryant  ( 1 982) found that later calving dates ( 1 4  

August) resu lted in sl ight ly more mi lkfat yield per ha (+2 .9%) than early 

ca lving dates ( 2 1  Ju ly) , particularly at a high stocking rate (4.32 cows 

ha- 1 ) .  S imi lar results arise in a survey of 554 farms in the Waitoa region 

conducted by Paul ( 1 982) , who compared dai ly mil kfat yie ld at peak 

of lactation with the total lactation yield for cows that calved 

between I Ju ly (early) and 20 August ( late) . Although no differences 

were found in the tota l mi lk fat production per cow, calving later was 

associated with higher daily mi lk fat yields at  the peak of lactation,  

reflecting h igher feeding levels in early lactation for the later calving 

cows . 

I f  an adequate level of feeding (pasture or supplements) can be 

provided to the cows in early lactation, an additional  advantage of a 

relatively earlier mean ca lving date is that the majority of the mi lk  wi l l  

be produced during spring and early summer (Garcia et al., 1 999) . A 

factor, which is important  in New Zealand areas where the variabi l ity 

between years of pasture production increases special ly during 

summer a nd early autumn (Thomson,  1 998) .  

1.2.3 Feed i ng and Rep roduction 

McKay ( 1 997) found a tight calving pattern was the common 

component of successful farming systems a nd the problem of non­

cycling cows was prevented by good management such as 

achievement of body condition score at ca lving close to or better 

than five, and wel l  fed cows from calving through to mating. 

Undoubted ly, a successful mating program becomes the basis of the 
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d esirable calving pattern and the initial point should be to achieve 

high submission rates . Key factors to prevent low submission rates are 

( Bu rke, 1 999) : 

•!• Minimize the n u m ber of cows with prolonged anoestrus periods. 

•!• Decrease late ca lving cows ( those calving within 40 days from 

planned start of mating) .  

•!• Increase heat detection procedures. 

1 .2 .3. 1 Prolonged post-calving anoestrus 

Besides the physiological anoestrus, a problem arises when it is 

prolonged and extended. Anoestrus cows may be tru ly anovu latory 

( have not yet started ovulating after calving)  or ovulating but not 

expressing a detectable oestrus ( Burke, 1 999) . 

Macmi l lan ( 1 997) , quantified the level of anoestrus in the High/Low 

stocked Friesian and Jersey trial  ( see Table 1 - 1 ) .  During this trial  28% of 

the first calving Friesians in the high stocked treatment herds had not 

been detected in oestrus by the start of mating .  However, all the first 

calv ing Jersey heifers were cycling by the planned start of mating .  

1 .2 .3.2 Late calving cows 

Commonly the late ca lvers, aged cows, heifers, d iseased or induced 

cows are included in t his group.  Both the proportion of a herd that is 

a ffected and the level of effect are important .  For example, there is 

n o  point identifying a large group of inadequate cows as a cause of 

reproductive problems if the overal l  performance is a bove target for 

the group ( H ayes, 1 998) . Therefore, it is important to focus on the large 
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groups that have a major effect on  performance, which are the first 

lactation cows a n d  non-cycl ing cows. 

To ach ieve a 2 1  day submission rate ( the percentage of the herd 

mated in 3 weeks)  of 94% in the mi lking herd, cows must have been 

ca lved at least 60 days before the start of mating (Hayes, 1 997; Hayes 

1 998; Burke, 1 999 ) .  This submission rate wil l  drop to below 80% for cows 

calved only 40 days, and to 50% for cows ca lved on ly 20 days. A late 

ca lving is a consequence of a late conception date d uring the 

previous mating,  most l ikely because the cow was not submitted for 

insemination early during the AB period ( Hayes, 1 997) . U nfortunately 

many of these cows are not induced early enough ,  because the 

decision to induce is  made after cows are identified as late ca lving 

cows during the calving period (Hayes, 1 998) . Despite this ,  a ny 

improvement i n  the number of days from ca lving to mating shou ld 

have some beneficia l effects, but direct effects of the induction 

process further complicate this. For example, induced cows had a 

reduced cha nce of conception to first service and for the entire 

mat ing program when compared to non-induced contemporaries 

that ca lved at the same t ime (Table 1 -4) . Induction of calving has a lso 

been shown to have a direct negative effect on mi lk production 

( Figure 1 -3) . I nduced calving wi l l  have benefits, provided that the 

herd ' s  calving pattern is sufficiently modified to balance the negative 

effects of the induction process. Late inductions may not adequately 

ach ieve this objective (Hayes, 1 998) . 

Table 1 -4. Reproductive performance for induced and normally calved 

contemporaries (Hayes 1996; cited by Hayes 1 998). 

Induced calving Normal calving Probability 

21 day submission rate (%) . 87.5 ± 1.7 89.0± 1.6 NS 

Conception to first service (%) 54.4 ± 3.3. 59.5 ± 3.3 p = 0.03 

Pregnancy rate (%) 9 1.4±2. 1 93.6 ± 1.7 p < 0.0001 
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1 . 2 .3 .3 Poor oestrus detection efficiency 

Daily submission rates of 4-5% 

of the herd are required to 

achieve a submission rate of 

94% to AB at 2 1  days after the 

p lanned start of mating (Table 

1 -5) (Hayes, 1 998) . H igh 

submission rates to A B  requires 

cycl ing cows that are 
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expressing oestrus and skil led 

oestrus detection procedures, 

whi le treating anoestrus cows 

Figure 1-30 Mean daily milk yield (liters) for 
cows induced to calve (�) and cows that 
calved normally (D) (Hayes, 1998)0 

early wil l  enhance the 2 1 -day submission rate (Burke, 1 999 )  0 

The proportion of normal length return i nterva ls ( 1 8-24 d )  to double 

length return interva ls  (39-45 d )  can be a useful indicator of oestrus 

detection efficiency or heat detection rate (HDR)  (Hayes, 1 998) 0 For 

exam ple, National  H D R  is 92% whi le the target requires a n  HDR of 96%. 

H D R  can be calculated by: 

HDR = 
(%normal returns - %double returns) 

%normal returns x 1 00 
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Table 1 -5. Calving and mating performance during 1995 from records on the LIC 

national and DairyMAN database (Extracted from: Hayes, 1997; Burke, 1999). 

Parameter (%) 

Calving 
Induced calving 
28 d calving rate 
56 d calving rate 
Calved <40 d before PSM 
Mean days PSC to actual calving 

Mating 
21 d submission rate 
28 d submission rate 
Short cycles 2-1 7 d 
Normal cycles 18-24 d 
Double cycles 39-45 d 
Non-return ( 49 d, 1st service) 
28 d pregnancy rate 
56 d pregnancy rate 
Empty rate 

National database 

5.9 
60.8 
88.9 
17.8 
31.8 

76.3 
81.6 
18.7 
61.0 
4.8 

69.4 
60.9 
81.8 
9.3 

1.3 Seasonal Mating and Calving 

DairyMAN Targets 

7.8 0 
68.4 75 
93.7 97 
1 1.3 8 
26.8 

86.0 94 
91.3 lOO 
13.2 <5 
63.6 >80 
5.8 <3 
64.5 71 
63.5 79 
85.0 96 
7.1 3 

As mentioned before, the major factor inf luencing a herd ' s  ca lving 

pattern i s  the preceding season ' s  conception pattern . This i n  turn must 

be based on the  date for the start of the artificia l breeding program 

(SAB) ,  the average interval from SAB to first insemination a n d  the 

percentage weekly distribution of  these first inseminations. 

Since the length of the cow's  oestrous cyc le is 2 1  days,  the 

percentage inseminated in the first 3 weeks of the breeding program is 

a n  important indicator of breeding m anagement.  lt is defined as 

herd 's  submission  rate (SR )  (Macmi l lan ,  1 998) . S ince insemination 

precedes conception and the latter outcome cannot even be 

estimated for at least 3 weeks after insemination, a herd ' s  conception 

pattern is obtained too late for a ny effective corrective measures to 

be applied . Then the importance of management emphasis in the 

breeding program of seasonal dairy herds must be on achieving a 

h igh 3 weeks S R .  
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The pattern of submissions is a function of the reproductive cycle of 

individua l  cows within a herd a n d  the management strategies at the 

start of mating .  Submission rates during the first 3 weeks of mating are 

not the same for each week ( Figure 1 -4) (Hayes, 1 998) . There are 

significantly more cows mated on  day 1 because this inc ludes cows in 

oestrus during the previous day (or even longer if tai l  paint is the only 

indicator of oestrus) .  Cows with an oestrous interval  of greater than 2 1  

days may not be submitted unti l the fourth week of mating . 
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Figure 1-4. Submission rates for New Zealand dairy herds (97 /98 
season) LIC (Hayes, 1998). 

Conversely, some cows having their first cycle just before the start of 

mating wi l l  have a short return interval  and wil l  therefore be mated in 

the 1 0  days (Hayes, 1 998) . Also the smal l  peak between  day 29 and 

37 of mat ing that i s  probably due to the use of  contro l led intravaginal  

drug release (C IDR™) device ( Macmi l lan and Peterson,  1 993) for 

progesterone delivery at the end of the first round of artificial  breeding 

(AB) (McDonald et al. ,  1 998) . 

Therefore,  fai lure to detect oestrus has been identified as  the major 

factor causing delays in the intervals from calving to first service and to 



General review 

conception ( La m ming et al. ,  1 998) . Experiments in which groups of 

catt le have been observed continuous ly have shown that most show 

behaviora l oestrus .  This suggests that the problem is main ly one of 

management, with the tendency of cows to come into oestrus most 

often during the n ight .  

Leaving non-cycl ing cows untreated resu lted in a 21  day submission 

rate of on ly 65% and a 2 1  day in-ca lf rate of 36%. Treating with  C IDR's 

increased the su bmission rate to 94% a nd the 2 1  day in-calf rate to 

53%. Milking once a day gave similar resu lts to leaving the non-cycling 

cows untreated ( Pen no, 1 998) . 

Non-cycling cows must be accurately identified at least one week 

before mating .  Cows should be tai l-painted 4-5 weeks before the 

planned start of mating then checked one week before the plan ned 

start of mating ( Macmil lan 1979; Pen no, 1 998) . Cows with und isturbed 

paint should be put up for veterinary i nspection and given a C IDR  

treatment for a noestrus .  Natura l  mating should continue for 1 2- 1 5 

weeks after the planned start of mating to minimize empty rates and 

provide the option of  induction of  particularly valuable late ca lving 

cows. Tail-paint should be used at a l l  t imes as a cheap and .effective 

aid to heat detection.  Grazing management must ensure the herd is 

well fed by the p lanned start of mating . 

Mean while, conception rates in New Zealand dairy farms have being 

reported to be a bout 60%, with some farmers achieving up  to 75% (Xu 

e t  al., 1 995) . Conception rate is an indicator that summarizes the 

overal l  reproductive performance of the herd and that i s  inf luenced 

by physiological  processes ( Macmi l lan et al., 1 996b) : 

33 



34 Chapter 1 

� Quality of the oocyte released from the ovary of the cow and its 

a bi l ity to support a normal embryonic development post 

ferti lization ( Ferguson, 1 99 1 ) .  

� Ferti lization failu re which is mainly related to the avai labil ity of 

viable sperm to fertilize the ovum before it degenerates 

(Vishwanath et al., 1 996) . 

� A successfu l maternal  pregnancy recognition (Thatcher et al . ,  

1 989; Thatcher et al., 1 995) . 

1.3.1 Importance of d ry ing-off d ates and body condit ion score 

The known facts are that cows when dry require less feed than when 

mi lking,  the amount of feed required to achieve gain in  condition is 

higher than that required to maintain condition and, at a given level 

of feeding, liveweight gain wi l l  be higher for dry than for milking cows 

( Bryant,  1 982) . Any change in drying-off date can have major effects 

on a herd ' s  feed requirements for any particular date in spring or 

autumn in addition to the effect of the herd ' s  stocking rate.  If a herd is 

dried off too late, the body condition of the cows and the amount of 

pasture on the farm are both l ikely to have decreased excessively. 

Thus, a lthough the prolonged lactation wi l l  have resu lted in an  

increased mi lk production in  the current season ( Holmes & Macmil lan ,  

1 982) . l t  may a lso have resu lted in reduced body condition and  

pasture cover a t  the  end  o f  lactation, which wil l  penalize production 

in the next lactation.  

When a decision about calving date or drying off date is being made, 

the two factors, which must be considered, are: the  dai ly feed 

req uirements of the herd and the dai ly pasture growth rate. For 

instance calving date for a particu lar season is decided in the spring 

of the previous year, whereas the drying off date can be decided at 



General review 

a ny time during lactation (Macmil lan ,  1985°; Macmil lan ,  1985b). For 

example, for cows fed on restricted a mounts of pasture during three 

weeks in late lactation, these cows ate 7.5 kg DM/day, produced 0.35 

kg MF/day a nd lost 0.36 kg body weight/day. Thus during this time 

they wou ld have eaten 158 kg OM, produced 7.4 kg MF/day and lost 

7.6 kg of live weight .  However, if they had been dried off at the 

beginning of  th i s  three-week period, they could have been fed at a 

lower level a n d  yet not lost weight .  They cou ld therefore have 

produced no M F, lost no weight a n d  consumed on ly 120 kg DM 

( Holmes & Macmi l lan,  1982; Macmil lan ,  1985°). 

Important management decisions must be made in autumn in  order 

to achieve target BCS at calving .  In terms of energetic, the main 

factors are body condition, feed on hand and feed to be grown or 

supplied as supplements over winter. Along with production levels, the 

balance of these factors wi l l  determine the drying off date for 

i ndividuals ( Macdonald, 1997). 

Macdonald,  ( 1997) pointed out the tough decision of drying-off dates, 

either to carry on milking to make money now, or to dry-off now to set 

up for a better start to next season .  O ne a lternative might be to add 

more feed into the system to sustain longer Iodations without 

compromising  target CS at calving .  As  a ru le,  cows can add 0.5 CS 

u nits per month over the dry period if adequately fed .  W hen  using 

BCS as the criteria for drying off, the fol lowing calcu lation is a pp lied to 

determine how long the dry period should be in order to ca lve at BCS 

5 or more (Macdonald, 1997): 

Required dry period (months) = 
(BCS at calving - BCS at drying off) 

0.5 CS units gain per month 

Is widely recognized that BCS has significant effect on both early 

lactation mi lk  yields and time from calving to first cycle ( McGrath ,  
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1 999) . Bryant  ( 1 980) , showed that  cows which were dried off five 

weeks early produced 1 0 kg less mi lk fat ;  gained 26 kg more live 

weight and grazed less intensely than cows dried off later. The 

immediate decrease in milk production must be weighed against the 

probable future advantages due to savings in l ive weight  and feed . 

For exam ple heifers dried off four weeks early produced 320 kg mi lk 

less in their first lactation, but 270 I mi lk more in their second lactation 

than heifers dried off four  weeks later (Gordon, 1 993; Holmes 1 987) . 

Also, the relationship between body condition score at  calving and 

per cow performance has been clearly established . W here cows are 

wel l  fed after calving,  production per cow in the first 20 weeks of 

lactation increases by about 8 .5  kg mil kfat for each u nit increase in 

condition score over the range from 3 to 6. If cows are u nderfed in 

early lactation the response drops to about 6.5 kg mi lkfat/cow 

(Grainger et al. , 1 982; Deane, 1 993) . Data comparing the 

performance of cows in condition score 4 versus condition  score 5 at 

ca lving is shown in Table 1 -6 .  

Table 1 -6.  The effect o f  condition score at calving o n  per c o w  performance 

(Extracted from Holmes and Wilson, 1987; Deane, 1993). 

Milkfat production (kg/cow): 
weeks 0 to 5 

6 to 20 
0 to 20 

Condition score: 
weeks 0 

5 
20 

Condition score at calving 

5 4 

28.7 
79.9 
1 08.6 

5.0 
4.8 
4.9 

25.2 
74.9 
1 00. 1 

4.0 
4.2 
4.7 

Difference score 

5 v 4  

3.5 
5.0 
8.5 

1.0 
1.0 
0.2 

The cows in  condition score 5 at  calving lost condition in early 

lactation as they mobi lized body fat for mi lk production.  The cows in 

condition score 4 did not have this body fat and in early lactation,  
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partit ioning some energy away from mi lk production into liveweight 

gain ( Deane, 1 993) . 

Table 1 -7 describes how this decision rule at the DRC N° 2 Dairy Farm 

sets minimu m BCS for drying-off. Also, other criteria considered for 

drying off decisions are dai ly mi lk yield and days to next ca lving .  Cows 

producing less than five litres for two consecutive weeks are dried off 

to maintain mi lk  qua l ity and udder health . Cows who maintain 

sufficient body condition wi l l  be mi lked unti l 50 days prior to their due 

calving date ( McGrath,  1 999) . 

Table 1-7. Minimum drying off condition score for individual cows (Macdonald et 

al., 1997). 

Minimum condition score 

Dry off time 

Early March 

Start April 

End April 

Mid May 

Cows 

2.5 

3.5 

4.0 

A l l  

1.3.2 Post-calv i ng strategies for reducing anoestrus 

Heifers 

3.0 

4.0 

4.5 

Al l  

There are no unique recipes for achieving the systems targets. 

However, one study involving smal l  n umbers of Friesian cows found 

that feeding 1 .4 kg/cow/day of  concentrates duri ng the three weeks 

before mating improved conception rates without affecting 

submission rates, but  the effect of concentrates on resu mption of 

oestrus cycl ing was not reported (Wi lson et a/, 1 989; Burke, 1 999) . 

W hen pasture fed cows were supplemented with  5 kg/cow/day of 

pasture si lage during the first month of lactation, feed intake and mi lk  

yields were increased and body tissue loss was reduced, but  
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reproductive performance not improved . Correctly managing feed 

supply in early lactation is extremely important to subsequent 

reproductive season .  A guidel ine p lan is shown in Table 1 -8 ,  it reflects 

best practice breeding management u nder present conditions in New 

Zealand.  However, it may need to be modified to meet individual  

farm targets.  

Table 1-8. Guideline plan, which reflects best practice management ( Burke, 1999). 

Checklist 

Calving starts (heifers) 

Calving starts (cows) 

Start recording pre­
mating heats 
Treat non-cycling cows 
(early treatment option) 

Planned start of mating 
(PSM) 

Follow up check ( late 
treatment option) 
Pregnancy diagnosis 
Final pregnancy 
diagnosis 
Drying-off 

Winter management 

Days 
to PSM 

-89 

-82 

-35 

-7 

- 1  
0 

22 

63 

1 40 

Calve heifers in BCS 5.5 

Calve cows in BCS 5 

Notes 

Apply tail paint and refresh regu larly. 
Change tai l  paint color as cows comes into oestrus. 
Vets check non-cycling cows that have been 
calved 28 days or more. 
C IDR treatment for those without a palpable CL. 
Remove DICRs, apply fresh tail paint 
Inject non-cyclers with 1 mg ODB 

Inseminate cows in  heat 
Vets check cows, which have not yet been lA, 
especially late calvers. 
Identify cows pregnant to first 28 days of mating. 
From 35 days after removal of bulls. 
Evaluate management options of empty cows 
Cow condition, feed budget 

Cow condition, mineral status 

The most effective oestrus detection procedure is to o bserve cows 

standing whi le being mounted from the rear by one or more 

herd mates . The herd should be c hecked at least three times daily 

while they are in  the paddock a nd a ble to express normal behavior. 

Also important is using aids to detect oestrus l ikely oestrus markers 

a pplied to the base of the tail to provide physical evidence that a 

cow has been ridden by herdmates.  The most used techn ique is the 

tai l  paint ing ( Macmil lan et al . ,  1 980; Burke, 1 999; Burton et al., 1 999) . 
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1.4 Grazing management 

A grazing management system is defined as a n  integrated 

combination of animal ,  p lant ,  soi l  and other environmental  

components ,  and the grazing methods by which the system is 

managed to achieve specific resu lts or goals of a producer (C iark and 

Kanneganti ,  1 998) . Dairy catt le performa nce u nder grazing is 

positively related to consumption of high qua lity forage.  The essentia l 

points to a chieve a highly productive and efficient system are :  

provision of a n  appropriate amount  of  qua lity feed (as pasture and  

supplements ) , to meet most o f  t he  a nimal requirements and  achieve 

high feed ut i lization and conversion efficiency through high genetic 

merit cows with an adequate stocking rate and calving pattern 

( Bryant, 1 984) . 

High breeding worth ( BW 1 )  cows wi l l  be ab le to convert feed more 

efficiently into mi lk with the same digestive and energetic efficiency, 

partition ing more energy towards milk and less into body fat ( Penno 

and Kolver, 2000). Therefore, increasing the consumption of  h igh 

qua lity forage i s  critical  for profitable dairy production because 

grazed forage is the cheapest source of nutrients. However, very 

large and high producing dairy cows fed forages alone pro bably wi l l  

not reach their genetic potentia l for mi lk production,  because of lower 

energetic content in forages and  lower intake from grazed forage 

( Kolver. 1 998) . This suggests that  partial substitution of  grazed forage 

with supplementation should be needed for high genetic merit cows 

in order to meet their high producing yields (Ciark and Kanneganti ,  

1 998) . U nfortunately, the cost of concentrate supplements are high 

relative to mi lk  prices in  New Zealan d .  

1 BW: economic index to evaluate the animals' genetic value. l t  consider traits such 
as: milk fat, protein, milk yield, l ive weight, survival ( LIC, 2000) 
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Grazing management shou ld be seen as one part of the system ' s  

mana�ment and i t  can b e  simply summarized a s  "where a nd when 

to move the grazing animals" (Sheath et al. ,  1 996) . However, changes 

in grazing management can inf luence the condition and 

performance of the animal, p lant  and physical resources of the 

system .  Therefore, the most obvious effect of grazing management is 

on  the n utrition and subsequent performance of grazing animals 

(Smetham, 1 994) . 

Because of the interrelationship between stocking rate and individual 

an imal  performance, it is  important that high system efficiency is not 

over-emphasized when product qua lity is important or where year to 

year variation in forage supply is considerab le (Sheath et al. ,  1 996) . 

F lexibi l ity in  stock policy and feed demand can be achieved by 

adjustments to the commencement and duration of lactation of 

breeding a nimals .  Appropriate stock policies that better a lign feed 

demand with forage supply are the ha l lmark of profita ble animal 

production in  low input systems ( Bryant  and MacDonald, 1 987) . 

1 .4.1 Pasture supply management 

Grazing management should aim to keep pasture cover in the 

opt imum range for net pasture production .  This range is between 

2000 to 3000 kg DM/ha for rotationa lly grazed dairy pastures in New 

Zealand.  However, Matthews ( 1994) indicated that in ryegrass/white 

c lover dairy pastures this range is between 1 200- 1 400 kg DM/ha as 

post-grazing a nd 2500-3000 kg DM/ha as pre-grazing.  As pasture 

approaches the lower end of this optimum,  pasture qual ity is l ikely to 

increase but  continued severe grazing wi l l  push pasture into a zone of 

lower productivity due to red uced growth rate because of insufficient 

leaf area a n d  photosynthesis (Ciark and Kanneganti , 1 998) . On the 
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other hand,  at the upper l imit, pasture productivity can be high but 

wi l l  be restricted due to increasing rates of senescence a nd decay, 

and quality wil l be a lso decreased . Between these two positions, net 

pasture production is relatively insensitive to changes in herbage mass 

or management.  Matt hews ( 1994), a lso pointed out that the potential 

range over which residual pasture yield can f luctuate without 

restricting net herbage production or cow performance is probably 

on ly 400 kg DM/ha . Between 1700-2 100 kg DM/ha in the winter and 

early spring a nd 2000-2400 kg DM/ha in late spring-summer period . 

I n  New Zealand where little supplementation occurs, one of the main 

premises i n  a seasonal  dairy system based on pastures is  to have an 

average pasture cover of 2000-2400 kg DM/ha at calv ing to ensure an 

adequate level  of feeding in early lactation when feed demand by 

the herd is very high .  This period norma lly occurs in late winter (C iark 

et al., 1998; Sheath et al . ,  1996). The recommendation of C lark and 

Kanneganti ( 1998) i s  to have at least 1400 kg DM/ha average post­

grazing residual  on farm when pasture surpluses begin to accumu late . 

The presence of higher amounts imply that a higher stocking rate 

could have been carried and wi l l  make the late spring control of 

pasture more difficult if conservation is not practiced . On the other 

hand, lower amounts would mean cow and pasture performance in 

the first two months of lactation would have been compromised to 

such an  extend that production would not recover during the current 

lactation . l t  also means that cow condition will have fa l len and that 

anoestrus may be a problem. To achieve those targets requ ired 

informed decisions on drying-off date, cul l ing proportion ,  purchase of 

supplementary feed, grazing-off and nitrogen ferti lizer use (Sheath et 

al., 1996). 

4 1  
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Clark and Kanneganti ( 1998) pointed out that, from the t ime when 

pasture surpluses begin to accumulate unti l mid-summer the primary 

aim of grazing management should be to increase intake per cow. 

1 .4 . 1 . 1  Supplementary feeds a nd the substitution rate 

l t  is obvious from the preceding discussion that supplements of feeds 

can have important effects in pastora l  systems. An important  issue is 

the substitution rate, which refers specifical ly to the reduction in 

pasture intake ( kg DM/cow/day) that occurs for each kg DM of 

supplements consumed ( Kel laway et al . ,  1993). Most estimates of 

substitution assess it relative to unsupplemented pasture intake. 

Substitution should be calcu lated as the change in pasture intake for 

each additiona l  increment in supplement feeding.  High substitution 

can reduce the response for extra feed and profitabi lity because 

pasture is the cheapest source of nutrients, and is not used effectively. 

The substitution rate is genera l ly very low (0 to 0.2) for cows at very low 

level of feeding, but is high for cows at higher levels (0.4 to 0.8) and 

can reach 1 at very generous levels of feeding (Grainger et al . ,  1989), 

when the cow's  total feed 

intake capacity is saturated 

( Figure 1 -5). 

0 · 7  

.. .! i 0 · 5  . � � -c  
.. . 0 · 5  � �  
� :  0 · 4  ;; ._  ..a .. 
; ! 0 ·3 
• :I 
! : 0 · 2  

: A.  A. �  0 · 1 

• • 

.. 

0 
The substitution rate is 

rough ly proportiona l  to the 

ratio of the level of  feeding 

to her maximum potential 

0,�. 2����2.�0 --�2�·4--�2� . • ��3 .�2 --�3·6 
Pasture lntaka (kg DMlcow.day.100 kg llvawalghl) 

Figure 1 -5 .  Demonstration of substitution rate for 
level of intake (Table 1 -9) grazing cows at  different levels of  pasture intake 

(Grainger et al . ,  1989). 
(Grainger et a/., 1 989) .  
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Table 1-9. Estimated values for substitution rate, for cows at different relative levels 
of feeding ( Extracted from Grainger et al., 1989). 

Actual level of feeding (without 
supplement) I maximum potential 

level of feed intake 

Below 0.4 

0.5 

0.7 

0.9 

1 (ad libitum) 

Expected substitution rate ( decrease in 
pasture intake ( kg DM) per kg DM 

supplement eaten) 

0 

0.2 

0.5 

0.8 

In Figure 1 -5 ,  intake has been expressed as tota l metabolizab le energy 

consumption calcu lated as a percentage of live weight, before 

additiona l  supplements have been provided . The main point to note 

is that the correlation between substitution and intake a re not very 

strong, which is attributed to the consumption of those supplements 

(Meijs, 1 986) . lt is obvious there a re many factors, other than intake, 

that are l i kely to have some impact. lt is appropriate, therefore, to 

consider the various factors that  might i nf luence the levels of 

substitution recorded u nder various circumstances in some detai l .  For 

instance, the va lue of the substitut ion rate can also be affected by the 

composition of the feeds, in particular by the composition of the 

supplement given .  For  example, for  grazing cows, the SR were : 0 .45 

for h igh starch concentrates and 0 .2 1  for high fibre concentrates 

(Meijs, 1 986 ) . However, in well ba lanced pastoral systems, substitut ion 

is used de liberately to substitute supplement instead of pasture i n  

order to  present a feed deficit a nd to  maintain pasture cover and  

feeding levels. 

1 .4. 1 .2 Amount of pasture 

Pasture a l lowance has a major i n fluence on pasture i ntake, with the 

relationship genera l ly being positive up to a daily pastu re al lowance 

of about 4 kg DM/ 1 00 kg of l ive weight .  Much of th is effect i s  due to 
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the increase in the relative ease with which cows can harvest the 

herbage as the a l lowance increases. Pasture allowance has a lso 

been fou n d  to be one of the major factors inf luencing the level of 

substitut ion that occurs when supplements are fed .  Not only does 

pasture intake increase as pasture a l lowance increases, the reduction 

in pasture intake due to supplementation a lso increases (Table 1- 1 0) 

(Stockdale et al. ,  1997). 

This reduction in herbage intake resu lt ing from supplementation is 

main ly manifested through a reduction in grazing time, with l itt le effect 

on rate of biting or bite size . The range in reduced grazing t ime has 

been reported as three to more than 20 min/kg concentrate, 

depending on sward conditions (Sarker and Holmes 197 4; Cowan et 

al., 1977; Jennings and Holmes 1984). With forage supplements, similar 

effects on grazing time and levels of substitution were shown for hay, 

but with si lage supplements, greater effects have been recorded.  

Table 1 - 10. Effects of pasture allowance (kg OM/cow/day) o n  levels of s ubstitution 

(kg OM reduction in pasture intake/kg OM of supplement eaten) for grazing cows 

(Stockdale et al., 1997). 

Pasture al lowance Pasture intake 

1 6  

1 6  

29 

29 

1 . 4 . 1 .3 Pasture mass 

1 0.9 

9.3 

1 4.9 

1 1 .7 

Supplement intake Level of substitution 

0.1 

4.0 0.4 1  

0. 1 

4.1  0.80 

Leaver ( 1986) suggested that a redu ction in herbage mass wil l  lead to 

a reduced level of substitution of concentrates for herbage. 
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Similarly, the substitu tion of forages for herbage a lso depends on 

sward cond itions.  Phi l lips and Leaver { 1 985) reported levels of 

substitution of 1 .29 kg herbage DM/kg s i lage DM at a herbage height 

of 9.6 cm in  early summer, and of 0 . 68 kg herbage DM/kg si lage DM at 

a herbage height of 7 .2 cm in late summer. When Stockdale { 1 996) 

offered Friesian cows 20 kg DM/cow/day of white c lover herbage, 

and supplemented this with maize si lage, he found a clear, positive 

relationsh ip between level of substitution and herbage mass over the 

range of a bout 3-7t DM/ha {Table 1 - 1 1 and F igure 1 -6) . 

Table 1 - 1 1 .  Effects of posture mass (t OM/ha) on levels of substitution (kg OM 

reduction in pasture intake/kg OM of supplement eaten) for grazing cows (Stockdale 
et al., 1 997). 

Pasture mass Pasture intake Supplement intake Level of substitution 

3.8 13.2 0 

3.8 11.6 3.9 0.41 

5.0 13.6 0 

5.0 10.8 3.9 0.72 

lt suggests that tal ler pastures are trampled and fou led to a greater 

degree than are short pastures, thereby rendering them less 

palatable.  A primary aim of feeding supplements is to maintain 

posture ut i l ization,  whi le maximizing total DM intake. Nevertheless, 

pasture uti l ization can be maintained by offering a reduced pasture 

a l lowance in combination with supplements. If this does not occur, 

supplements wi l l  become increasingly u neconomic as herbage mass 

increases. lt is l ikely that the best use of supplements wil l occur when 

pastures a re short . 
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1.4.2 Partition i ng between m i l k  y ie ld a nd l iveweight gain 

Despite the substitution effect, 

extra feed eaten from another 

source genera lly causes an 

increase in  the tota l quantify of 

n u trients and energy absorbed 

from the digestive tract .  

However not a l l  the extra 

energy wi l l  then be absorbed 

by the udder and converted 

into mi lk ,  some wi l l  be used 

e lsewhere for gain in body 

r= '() . 6 . 
0 

_, 
.5 
...., 0 .. 6 . 
"' ..:. 
� .,., 

"' 
::> ... 

.....l o . z  . 

6 6 

P r e g r a �i n g  m a s s  { l  DM/ ha )  

Figure 1 -6 .  Relationship between level o 
substitution and pre-grazing herbage mas 
for cows offered 20 kg DM/c/d white clove 
and 3.4-5.0 kg DM/c/d of maize silag 
(Stockdale et al., 1 997) . 

weight (assuming that maintenance and pregnancy costs have 

a lready been satisfied by the basic ration )  ( Kellaway et al., 1993). 

1 .4 .2 . 1 Body condition score (BCS) 

Two aspects of BCS affect mi lk  response. One i s  the cow's condition 

score at the start of supplementary feeding and the second is the way 

in which the supplement changes body condition over time.  In  

addition,  BCS affects the cows' ferti l ity, as shown in an earlier section .  

The change in  body condition over time interacts with stage of 

lactation to determine whether changes in partition ing a l low extra 

body condition to be expressed as increased mi lk production 

( Kel laway et al., 1993). Farmers need to know the optimal condition 

score at which to calve the animal a nd the best way of achieving this 

condition score .  

Body condition score at calving for cows should be at least 5 while 

some advisors even suggest higher BCS.  However it is not an overal l  

average target, it i s  a target for each individual cow that is to be 
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milked a nd bred in spring.  Because achieving an average BCS of 5 is 

pointless if large proportions of the animals  are below BCS 4 .7  ( Burke, 

1 999) . First calving Friesians a re especia l ly susceptib le to body 

condition at calving .  For exam ple, even those that calve in very good 

condition wil l  take an average of 5 1  days to ovu late for the first time 

and 62 days to express oestrus for the first t ime (Burke et al., 1 995; Burke 

et al., 1 996;  Burke, 1 999) . Each of these intervals can be extended by 

24 days in those heifers calv ing below BCS 5, regard less of being 

offered generous pasture a l lowances d uring early lactation .  

Cows in  high condition at ca lving had lower DM intakes in early 

lactation .  This was a l inear relationship, resu lting in a decrease in DM 

intake of 0.8 kg/day for each un it increase in condition score ( Figure 1 -

7)  (Garnsworthy, 1 988) . 

Therefore if, the energy concentration in pastures are around 1 1 .5 MJ 

ME/ kg DM,  the optima l strategy is to calve animals in condition score 

5 al low them to mobi l ize some body tissue to support m i l k  production .  

But  BCS at calving should not be 

more than 6, because DM intake :; 20 
� 
� 

is further depressed ,  u 

" I  
... Ill 

reproductive performance 
! 

I S  .. 
! ;; 

] decreased and there I S  � 
... .. 

increased incidence of 
Q 

3 

metabol ic disease. While, below 
Condilioa score at c:alvinl 

condition score 5, cows give Figure 1 -7. Effect of condition score at 

lower mi l k  production due to the 
calving on  dry matter intake during early 
lactation (Garnsworthy, 1 988) . 

partit ion of energy towards body 

condition ( Kel laway et al . ,  1 993) . 
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1 .4 .2.2 Stage of lactation 

I n  general ,  large proportions of any extra energy ( 60 to 80%) wil l  be 

partit ioned to the  udder if :  

./ The udder is init ial ly producing at  levels wel l  below its maximum 

capacity; i .e .  i t  has plenty of  spare capacity to  increase mi lk 

production . 

./ The cow is in  relatively fat body condition ; therefore the body 

tissues need for extra energy is low . 

./ The nutrient ba lance and rumen fermentation are appropriate 

( i .e .  pH n ot too low; propionate not too high ;  adequate supply 

of metabolizable protein ) .  

If supplementation is provided in early lactation improvements i n  body 

condition and residual  pasture may a l low increased responses d uring 

mid-lactation, due to preferential partitioning of energy towards mi lk 

production ( Ke l laway et al . ,  1993). Extra feeding in late lactation is 

more likely to resu lt in improved body condition, which may then a l low 

increased production and ferti l ity in the following lactation ,  and 

supplementation may also result in  an  i ncrease in  lactation length .  

However, i n  early lactation, the margina l  response was greatest a t  low 

pasture a l lowances and feeding levels, while in late lactation, 

marginal responses were constant, regardless of pasture al lowance 

( Penno et al . ,  1998). 

Responses to protein supplements vary with stage of lactation.  I n  early 

lactation,  mobi l ized body tissue provides the cow with greater 

a mounts of energy from fatty acids than protein ,  result ing in some 

protein deficiency. At the same time, potential mi lk production is 

greater than in later lactation .  For these two reasons, mi lk  responses to 

protein supplements are more l ikely i n  early lactation than in late 
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lactation ( Kel laway et al., 1993). Although in  New Zea land, pasture 

contains too much protein in spring (early lactation)  and too l itt le in 

summer ( late lactation)  therefore responses to protein are more l ikely 

in late lactation.  

Pen no et al., ( 1 998) ,  suggest the magnitude of the mi l ksolids response 

to additional feed is affected by the size of the feed deficit 

experienced by a cow. The more severe the level of underfeeding 

relative to her potential level  of MS production the greater the 

immediate MS response to additional  feed wil l  be. 

The marginal  mi lk  response to supplementation decreases as lactation 

progresses, because more feed energy is partitioned towards 

l iveweight  gain (Kel laway et al., 1993). Grainger, ( 1990) show the 

response to extra pasture; effects of in itia l mi l k production capacity, 

level of feeding and stage of lactation:  

Early lactation : Cows with high potential  mi l k  ca pacity, but on low 

level of feed ( i .e.  producing wel l  below their capacity) show large 

marginal responses. For example, Figure 1 -8 shows marginal  responses 

of 60 to 80g extra mi l k  solids (MS) per 1 Kg extra pasture OM in such 

early lactation cows, 

corresponding to 

approximately 60 to 80% 

of the extra 

partitioned 

production . 

to 

energy 

mi lk  

Late lactation:  At the 

other end of the sca le, 

cows with low mi lk  

s 

Figure 1-8. Immediate short-term responses to 
supplementary feeds by cows eating 7kg DM of 
cut pasture/day. Stock dale et al., ( 1997) . 
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capacity, and on a high level of feeding,  have l itt le to no extra milk 

producing capacity, and therefore show very small marginal 

responses, (0 to 20g MS/kg OM) with very litt le  of the extra energy 

partitioned towards mi lk (0 to 20%) . 

Penno, ( 2000) point out that as breeding worth ( BW )  increases, there is 

some evidence to indicate that cows' response to supplemental feed 

is h igher during lactation .  Studies of Ferris et al., ( 1 999)  showed that for 

si lage and concentrate d iets, the mi lk production response was 48% 

higher for h igh genetic merit cows than medium genetic merit cows 

when concentrates were fed .  New Zealand studies in the last ten 

years h igher responses to extra feeds in mid to late lactation to 

supplementary feed, mean while 20 years ago mi l k  responses to extra 

feed in late lactation were characteristica l ly sma l l  ( Macdonald, 1 999) . 

1 . 5 Supplements 

Responses to supplements involve two aspects that need to be 

considered : 

First ly, there is an  immediate response (short term ) ,  which is seen as 

extra mi lk  production per cow at the time of feeding the supplement 

(Stockdale et al., 1 990) . This immediate response has varied widely, 

from 0 kg to 1 .8 kg mi lk  per additional  kg of supplement eaten 

(Stockdale et al., 1 987) . There are many factors that may inf luence 

the magnitude of responses of pasture-fed dairy cows to supplements 

(Stockdale, 1 985; Faverdin et al., 1 99 1) .  These include quality of the 

pasture and supplement; the levels of feeding of pasture and 

s u pplement;  the extent to which supplements substitute for pasture 

when they are added to the diet; stage of lactation; the associative 

effects between pastures a nd supplements in terms of digestion of 
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energy-yie lding substrates and essentia l nutrients; and the length of 

t ime for which supplements are fed . 

Second ly, responses to better feeding not only occur during the 

period of supplementation, but a lso may continue for some t ime after 

its cessation ( long term) ;  this is genera lly due to the improvement in 

body condition,  which increases during the period of additiona l  

feeding .  This i s  referred to as  the carryover or  residua l  effect. B lack,  

( 1 990) fou nd that,  for low levels of feed ing ,  the l inear regression 

coefficient of total res idual  effect on total  immediate effect of feeding 

a supplement was +0. 55 ( s .e .  ± 0 . 1 1 3) .  For h ig h  levels of feeding,  the 

l inear regression coefficient was +0.04 ( s .e .  ± 0.590) , indicating that  

there were no residua l  effects to  feeding supplements . 

The use of supplements, in cases where their main effect is to extend 

the lactation length, su pplements have been shown to produce large 

responses when fed i n  late rather than early lactation (C iark, 1 993; 

Pen no et al . ,  1 995b; Pi nares & Holmes, 1 996) . I n  theory, supplements 

response is expected to  be higher i n  early rather than in late lactation ,  

for two reasons. First the abil ity of  a cow to partit ion nutrients towards 

the mammary g land is at its maximum during early lactation and 

second the main effect of  supplements when they are fed with  

restricted pasture a l lowances i s  to increase the total DM intake, 

beca use the substitut ion rate ( kg pasture DM not eaten per kg of extra 

supplement DM eaten )  usua lly varies between 0 .24 and 0 .45 kg 

(Garcia e t  al . ,  1 999) . 

In  order to obtain better responses to supplement,  high qua lity 

supplements must be used in very early calved cows (Garcia et al . ,  

1 999) ,  then a double beneficial effect could be obtained. First, a 

higher immediate response in terms of kg of mi lk  per kg of supplement 

DM wou ld be expected, and second, lactation length could be 

extended with less difficu lty by ca lving the cows earlier. In that way, 

5 1  
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m ore milk could be produced before pasture qua lity and avai lability 

decl ines in summer (Garcia et al., 1999). A third response might be an 

i mproved ferti l ity. 

1.6 Genetic merit and milk production 

The g enetic correlations between body size and mi lk yield range from 

s l ightly positive values 0.32 (Van der Waaij et al., 1997), 0. 18 ( Jensen et 

al. , 1995), 0.39 (Ah lborn and Dempfle, 1992), 0.63 (Svendsen et al., 

1 994) to sl ightly negative values -0. 1 (Veerkamp et al., 1995), -0.01 

( H ietanen et al. , 1995; Lee et al. ,  1992), -0.3 1 ( Persaud et al., 199 1). 

Severa l  authors suggests that the genetic correlation between these 

two traits changes d uring the lactation period, being positive i n  early 

lactation 0.04 (Van Arendonk et al. , 199 1 ); 0.29 (Van E lzakker et al., 

1993); 0.7 (Svendsen et al., 1994) and negative in mid lactation -0.33 

( Perseud et al. , 199 1 ); -0.25 (Van Elzakker et al. , 1993). As expected, it 

shows that heavier cows produce more mi lk  i n  early lactation but after 

the  peak heavier cows produce less milk .  

A h lborn et al., ( 1992) and Van der Waaij et al., ( 1997) reported high 

genetic correlations between the two variables u n der grazing 

conditions .  Svendsen et al., ( 1994), found that the genetic 

correlations between body weight and fat corrected mi lk yield were 

sign ificantly higher in cows fed with pasture diets (0.3 to 0.7) than cows 

fed with high concentrate diets ( -0.24 to 0. 13). These resu lts suggested 

that  the variabi lity in the genes must be affect ing either mi lk yield or 

body size (Ah lborn et al. , 1992), indicating that selecting cows in 

favour  of the mi lk yield wi l l  resu lt in larger cows with  increased growth 

a n d  higher maintenance costs . Nevertheless, they a lso suggest that 

t here was enough flexibi l ity for selecting in  favour  of milk traits and 
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against body weight without a substantial negative effect on the 

genetic progress in yield traits. These statements and the reported 

negative economic values for body weight  ( Dempfle, 1 986; Van 

Raden, 1 988) were the  main reasons for inc lus ion of  body size with  a 

negative weight in the selection index of the new animal  eva luation 

system proposed by Livestock Improvement Corporation ( 1 996) , which 

would cause the average live weight  of the New Zealand dairy cow 

to decrease by 3 to 4 kg of live weight after 20 years of selection 

(Spelman and Garrick,  1 997) . 

Kolver, ( 2000) and Penno et al. , (2000) in a multi-year experiment 

comparing New Zea land (NZ )  and Overseas ( OS) Holstein-Friesian ( H F) 

genetics under a seasonal grazing system have discovered key 

differences in production, reproduction and surviva l between the two 

genetic strains grazing pasture alone or fed a tota l mixed ration (TMR)  

(Table 1 - 1 2) .  Compared with the NZ HF, the OS H F: had shorter 

Iodations (except when fed TMR ) ,  produced more mi lk  and produced 

s l ightly more milksol ids on  the TMR, but sl ightly less mi lksolids on pasture 

( Pen no et al. , 2000) . W hilst, in the first season, OS H F  had gained 56 kg 

of live weight when fed TMR but on grass had lost 77  kg, while the NZ  

H F  grazing on pasture had lost only 5 kg  o f  l ive weight and  gained 6 1  

kg on TMR during lactation.  

The results indicate that  NZ HF  cows have the potential for high 

mil ksolids production and  growth when fed well and that they can be 

very productive when managed on a so le diet of grazed pasture 

( Kolver, 2000) . They a lso suggest that the current high use of OS H F  

genetics in  New Zea land wi l l  require improved levels of feeding to 

ensure cows reach target body condition scores at calv ing and get in  

calf . 
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Table 1 - 1 2. Comparative performance of NZ HF and OS H F  grazing pasture at low 

stocking rate (2.2 cows/ha) or fed TMR ad-libitum during 1 998/1 999 and 1 999/2000 

periods. (Extracted from Penno et al., 2000; Kolver, 2000) 

NZ HF  OS HF 

Grass TMR Grass TMR 

Days in milk 
1 998/ 1 999 26 1 268 242 26 1 

1 999/2000 255 227 250 236 

Milk kg/cow 
1 998/ 1 999 331 7 5036 3597 5898 

1 999/2000 3964 5783 3990 6746 

Milksolids kg/cow 
1998/ 1 999 28 1 380 27 1 40 1 

1 999/2000 340 467 307 472 

Changes in live 1 998/ 1 999 -5 61 -77 56 

weight kg/cow 1 999/2000 25 69 2 94 

Condition score 
1 998/ 1 999 4.6 6.2 3.9 5.5 

1 999/2000 4.8 6.7 3.7 5.8 

1.6.1 Live weig ht a com ponent of merit and efficiency 

Comparing genetic correlations between body size and milk 

production efficiency, can be seem that a lthough the range of values 

is large, however the tendency is for a negative correlation between 

size and feed conversion efficiency: -0.33 (Manson,  Robertson and 

Gjelstad, 1 957) ; -0 .67 ( Syrstad,  1 966) ; -0. 1 2  (Hooven,  Mi l ler and 

P lowman, 1 968) ;  -0.93 (Van Arendonk et al., 1 99 1 ) ; -0 .82 ( Persaud et 

al., 1 99 1  ) .  Care must be taken because the variabi lity of the values 

reported might  probably respond to a particular feature of each trial 

( Morris and Wilton, 1 97 6) . However, Persaud et al. ,  ( 1 99 1 )  suggested 

that  including LW in the selection criteria was likely to increase the 

accuracy of selection for efficiency up to 90% compared to 60% with 

selection based on yield a lone.  

Many theoretica l  studies ( Holmes, 1 973; Taylor 1 973) confirmed the 

concept that large cows have higher energy maintenance 

requirements (AFRC, 1 993; SCA, 1 990; N RC, 1 989) and are therefore 
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l ikely to be less efficient,  un less they produce more mi lk .  Yerex, et al., 

( 1 988) reported these effects of genetic differences in body s ize on 

mi lk  production and feed conversion efficiency. However, after two 

generations of breeding selected for body size on a complete 

lactation basis, no differences were found in milk production, but the 

resu lts showed that smal l  cows were 2.3% more efficient than the large 

cows, where the two genetic l ines of cows differed by 50.8 kg in LW . 

Holmes et al. , ( 1 993) , a lso confirmed that smal l  cows had a higher 

feed conversion efficiency than heavy cows. The differences in 

efficiency between genetic l ines seems to be greater at low mi lk 

production levels, because maintenance requirements represent a 

greater percentage of the tota l requirements in  these cows (Stakelum 

a nd Connol ly, 1 987) . 

Se lecting for a lower l ive weight whi lst s imultaneously selecting for 

increased yield, or direct selection for gross efficiency, could increase 

the gap between the rate of progress in yield and the rate of progress 

in intake capacity, and hence an increase in the dependency on 

body tissue mobi lization during early lactation ( Brotherstone, 1 994; 

Veerkamp, 1 999) . For these reasons, there is interest in including a 

combination of dry matter intake, live weight and condition score in 

the dairy catt le breeding goal and therefore genetic parameters for 

these traits are required . 

Measurement of an individ ual cow's performance for l ive weight ,  feed 

intake capacity or condition score is not common practice for most 

breeding programs and t herefore there is g reat interest in other traits 

which may help to predict these potential goal traits (Veerkamp,  

1 998) . L inear type traits describe biological extremes for a large 

number of visual  characteristics, are measured on a relatively large 

scale, international conversions are avai lable and traits such as  body 

depth, capacity and size are perceived to be important by breeders 
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for many reasons.  Therefore it seems appropriate to estimate genetic 

correlations between type traits and dry matter intake, condition score 

a n d  live weight and then to evaluate the use of these traits as  

potential predictors i n  a selection index. 

1. 7 The general objective of the present studies 

For cows from two genetic l ines of HF  cows, which have been 

selected for either heavy or l ight live weight,  but are of similar high 

genetic merit for mi lk production, to measure: 

0 Their intake capacity 

0 Their reproductive performance 

Because these characteristics can have important effects on 

efficiency of  the cow and they may be affected by selection for l ive 

weight .  
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CHAPTER 1 1  

FEED INTAKE CAPACITY IN HOLSTEIN-FRIESIAN 

COWS DIFFERING GENETICALLY FOR BODY 

WEIGHT FED TO APPETITE ON HAY OR GRAZED 

PASTURE 
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I n  both 1 998 and 1 999, 1 6  and 24 pregnant  non-lactating high genetic merit 
H olstein-Friesian cows, which differed genetical ly in size and weight, were 
selected from the high  ( H )  and low (L) breeding value for live weight (LW) 
herd at DC R U  Massey Un iversity, with eight and 1 2  animals for each l ine in 
1 998 and 1 999 respectively. These were fed to appetite on hay ( 7 .52 MJ 
M E/kg DM in  1 998) and on pasture ( 1 1 . 1  MJ M D/kg DM in 1 999)  in order to 
measure the maximum voluntary feed intake capacity. The d ifference 
between the strains in DMI  per cow per d ay was highly significant  ( P<0.0 1 )  in 
both years .  The heavy cows ate 1 2 .52 kg DM of hay and 1 3 . 1  0 kg DM of 

pasture in 1 998 and 1 999 respectively, while the l ight cows consumed 1 1 . 1 1 
kg DM of hay and 1 1 .63 kg DM of pasture in 1 998 and 1 999 respectively. The 
regression coefficients generated show that for each 1 00 kg increase in LW, 
daily dry matter intake per cow increased by 1 .43 and 1 .8 1 respectively in 
1 998, and 1 999,  a positive correlation between DM I/cow/day and live 
weight.  In the first year H cows ate 1 1 .2% more hay DM than the L cows 
( P<0.0 1 ) and  in the second year H cows ate 1 3 .2% more pasture DM than L 
cows ( P<0.0 1 ) .  Overal l  least squares means values for DM I/cow/day in 1 998 

and 1 999 were 1 1  .8 1 and 1 2 .36 which indicates that cows in the first year ate 
4.4% less hay DM/cow/day than cows on pasture in the second year. 

S imi larly, the overal l  least squares means values for DMI/cow/day for H and L 
cows were 1 2 .8 1 and 1 1 .37, which indicates that H cows ate 1 1 .2% more DM 
than L cows . The re lation between metabolizable energy inta ke (ME I ) /cow 
per day and LW was also significant ( P <0 .0 1 )  and ( P<0.05) for both years 1 998 
and 1 999 res pectively. Least squares means ( s .e .d . )  for MEI by l ine as a 
treatment a n d  after adjusted by parity number were 94.5 (2 .5 )  and 1 44 .7  
( 5 .7 )  MJ ME/cow per day for the H cows, and 83.9 (2 .3 )  and 1 28.4 (5 .7 )  MJ  
M E/cow per  d ay for the  L cows, in experiment one  and two respectively. 
Regression a n a lysis of the data after conversion into logw, showed that DM I  
was proportiona l  to  LWD.66 and LW0·65 i n  1 998 and 1 998 respectively. These 
results indicate that l ighter cows are not disadvantaged relative to the 

heavier cows in their capacity to eat feed in excess of their m aintenance 
requirement,  which are general ly assumed to increase in proport ion to LW0.75. 
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Feed intake c apacity 

I n  the last decade breeders have had to rely on the correlated 

responses in feed efficiency when selection was based on mi lk  yield 

( Persaud, et al. ,  1 99 1 ) .  l t  was be lieved that direct selection on 

efficiency was impractical due to the high cost of measuring feed 

intake capacity on an individua l  basis .  The genetic aspects of feed 

intake capacity and efficiency have shown a moderate heritabil ity 

0 .37 ± 0 . 1 1 a n d  0. 1 3  ± 0.09 for both tra its respectively ( Persaud et al. ,  

1 990) . Genetic correlation between l ive weig ht and feed intake 

capacity is positive (Veerkamp et al. ,  1 997) , with correlations of 0.34 

and 0.45 reported respectively ( Persaud et al. , 1 990) a lso 0.46 a nd 0 .28 

respectively ( Persaud,  et al. , 1 99 1 ) .  

Therefore it is important to consider sim u ltaneously these two traits, l ive 

weight and feed intake capacity, in the breeding goal (Veerkamp, 

1 996) . At the same time, it can be expected that intake ca pacity and 

body condition score are l ikely to b ecome more important in the 

future, regardless of the feeding system (Veerkamp et al., 1 997 ) . Th is  i s  

because selection for yield increases the gap between energy input 

and output d u ring early lactation,  because the correlated response in 

food intake, from selection on yield,  can cover only 40 to 48% of the 

extra energy requirements (Arendonk et al . ,  1 99 1 ; Veerkamp ,  1 994) 

whi le most of the remaining energy req uirements for yield has to come 

from body tissue mobi lization especial ly in early lactation, because 

there is no evidence of a large proportion of genetic variation in 
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partial e fficiencies ( B loke and Custodia, 1 984; Veerkamp and 

Emmans,  1 995) . 

R uminants try to adjust their voluntary feed intake to be equal  to their 

energy requirement ( Bai le and Forbes, 1 97 4) and many reviews have 

ana lysed the factors affecting regu lation of feed intake ( Balch and 

Campling ,  1 969; Campl ing,  1 975; Baumgardt,  1 970) . Meanwhile, some 

of the mechanisms of feed intake regu lation have bee n  described 

( Bines, 1 97 1 ; B ines 1 97 6; Journet a nd Remand, 1 97 6) . 

There is considerable evidence to suggest that, where bu lky forages 

are being fed ,  ruminants do not eat to their potential i ntake ( Balch 

a nd Campl ing,  1 969; B ines, 1 97 1  ) .  The capacity of the reticulorumen 

and the rate of disappearance of d igesta from it are the two principal 

factors control l ing intake under these circumstances (Stakelum and 

Connolly, 1 987) . This is reflected in the relationship between  voluntary 

intake a nd d igestibi l ity of various roughages. The point at which 

digestibi l i ty of roughages ceases to be important in the physica l  

l imitation o f  intakes, a n d  metabolic factors assume greater 

importance,  depends on the type of roughage. 

Feed intake capacity and dry m atter 

Minson e t  at  ( 1 964) have shown a linear  relationship between intake of 

dry matter from fresh herbage offered indoors to wethers and organic 

matter d igestibi lity over a wide range of digestibi l it ies (0.58-0.83) . 

Osbourn ,  Thomson and Fleury ( 1 966) , Demarqui l ly and Jarrige ( 1 97 1 ) 

a nd Jarrige, Demarqui l ly and Du lphy ( 1 97 4) have conc luded that 

intake a nd digestibi l ity were l inearly related up to levels i n  excess of 

0 .80 of organic matter digestibi l ity where fresh herbage was fed to 

sheep. In take of fresh herbage by stal l-fed dry cows showed that 

in take a nd digestibi lity of energy was poorly related a bove 70% 

( H utton, 1 962) and in the range 70-80% (Stakelum and Connol ly, 1 987) . 
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With lactating cows there was no relationsh ip between the intake of 

fresh herbage indoors and energy d igestib il ity in  the range 65-77% 

( Hutton et at, 1 964)  and with dairy catt le in  the range of organic 

matter digestibi l ity o f  65 to 83% Demarqui l ly ,  1 966) . The situation with 

grazing dairy cows at pasture is less clear due to the influence of such 

factors as  progressive fou l ing of pastures, dai ly herbage a l lowance 

levels and concentrate feeding .  Green halgh and Runcie ( 1 962)  

concluded that there was no obvious causative relationship between 

digestibi l ity and intake of dairy cows us ing a range from 72 to 79% 

organ ic matter digestibi lity. 

Two factors are norma l ly considered to affect feed intake capacity, 

the potential intake by the an imals and the  relative intake offered by 

the pasture, in  which potential  is clearly proportional  to the size of the 

an imal  therefore , n utrient demand and physical capacity are both 

re lated ( Forbes, 1 996 ) . Within  a species it is considered that there is a 

l ittle justification for using an exponent of l ive weight other than 1 .0 .  To 

a l low for the fact that a fat an imal has a lower potential  i ntake than  a 

thin a nimal of the same body weight ,  potential intake is predicted 

from the standard reference weight ( SRW)  of the an imal  ( i .e .  mature 

and i n  the middle of the condition score range) ( Forbes, 1 995) . I n  

contrast, the intake offered by  the  pasture is inf luenced by  the  

chemical composition o f  sward and physical features which l imit 

eatin g  ( Forbes, 1 995) . 

The relation betwee n  basal metabolism a n d  body weight of mature 

mammals of d ifferent species was studied by regressin g  the 

logarithmw of  metabolic rate against the logarithmw of  body weig ht,  

which demonstrated that the metabolic rate was proportiona l  to the 

% power function of  body weight ( Kieiber, 1 965) . A comparison of  the 

intakes of  good qua lity feeds by adults o f  species of  differen t  sizes 

shows that intake is proportional to metabolic body weight  wo.7s 
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( Kieiber, 1 965) and ,  as impl ied above, intake is control led to meet the 

an ima l ' s  requirements for basal  metabolism unless physica l  constraints 

intervene i n  a part icular way ( Forbes 1 996) . The between species 

relationship of was calcu lated 

I = 1 .50 · wo.1s ( 1 )  

( Kieiber, 1 975) , where I is the energy intake (MJ kg-o.
7s d-1 ) and W is 

body weight ( kg ) . This equation seems to be of such u niversa lity that 

many authors have expressed food intakes as a proportion of 

metabolic body weight in  order to compare resu lts from animals of 

different size ( Forbes 1 996 ) . Maintenance costs a lso increases 

proportional  to LW0.75 approximately. 

The genetic relationships between milk production ,  l ive weight and 

feed i ntake capacity were discussed in  Chapter 1 .  There is litt le rea l  

evidence a bout the effects of genetic differences i n  l ive weight on 

feed i ntake capacity. 

The o bjective of this experiment were to measu re the maximum 

vol u ntary feed intake capacity in  Holstein-Friesia n  cows differing 

genetica l ly for body weight fed to appetite under confinement and 

grazing conditions,  and to determine the relationsh ip between live 

weig h t  a nd feed intake capacity. 
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Animals 

Cows from the herd of high genetic merit Ho lstein-Friesian cows at the 

Dairy Cattle Research U nit ,  Massey U nivers ity, were used in  both 

experiments during the winters of 1 998 and 1 999 respectively. Th is  herd 

contains cows from two strains ,  which have been selected and mated 

s ince 1 989 for either genetically h igh or low breeding value for l ive 

weight (Garcfa-Muniz et al . ,  1 998) . Fu l l  d etails of the herd a n d  

background are given by Garcfa-Muniz, ( 1 998) . 

The first experiment was carried out with 1 6  pregnant non-lactat ing 

cows, with hal f  of  the cows chosen from the heavy (H )  stra in and hal f  

chosen from the light ( L) stra in and ba lanced by age at the beginn ing 

of  the experiment (Ta ble 1 -6) . The experimental  animals were housed 

indoors ,  i n  individual  sta lls in order to measure feed intake capacity 

when fed ad-libitum in confinement .  

Sufficient t ime should be a l lowed for animals to become accustomed 

to new feed before voluntary intake is recorded . Adjustment to a 

stable i ntake may take 1 0  to 1 5  days if the feed is a major change 

from previous diets ( B iaxter et al., 1 96 1 ; C henost and Demarqui l ly ,  

1 982) . This eva luat ion period results i n  a measurement error of ± 2% 

( B iaxter et al. , 1 96 1 ) .  Heaney a nd Pigden ,  ( 1 972) reported that  for 

ruminants at least ten days is the min imum required because of the  

slow rate of  passage a nd adaptation o f  the rumen micro population .  

However, in the present experiment 1 3  days were a l lowed for 
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standardization before the sampling period started and  the tria l  lasted 

1 9  days during the winter ( June-Ju ly) of 1 998. 

In experiment two, 24 pregnant non-lactating cows were used, with 

ha lf of the cows chosen from the H strain and half  chosen from the L 

stra in , and balanced by age at the beginning of the experiment 

(Table 2- 1 ) .  The experimenta l  cows were rotationa l ly grazed as a 

sin g le group and the length of the experiment was 1 6 days, which 

i ncluded the stabil izat ion period and the sam pl ing period .  An 

a ddit iona l  1 0 days was used, after the sampling period, to collect 

sam ples randomly every second day from a smal ler number of cows, 

to d etermine the final  end-point for the release of a l ka nes and hence 

the rate of a lkane release from the capsules. 

Table 2 - 1 .  Least squares means and s.e.d1 for breeding worth ( BW), breeding value 

(BV), Age, body condition score ( BCS), live weight (LW) and days in pregnancy (DIPG) 
for the c ows used in experiments one and two. 

1 998 1 999 

Parameters Heavy Light s .e.d Significance3 Heavy Light s.e.d SignificanceJ 

n (cows) 8 8 1 2  1 2  

BW 32.6 29.6 3.66 NS 40.2 34.5 4.96 NS 

BV for LW 68. 1 1 6.2 2.86 ••• 68.4 26 3.04 ••• 

Age (years) 5.2 5.7 0.55 NS 4.7 4.7 0.34 NS 

Actual BCS 4.5 4.4 0. 1 NS 4.4 4.6 0.09 NS 

Actual LW ( kg) 540 467 1 2. 1  ••• 528 453 1 0.7 • • •  

DIPG 2 1 1 2 1 6  4.93 NS 209 205 5.25 NS 

1 s.e.d. : Standard error o f  the difference 

2n : number of observations 

3significance: NS not significant; I P<O. l ;  *P<O.OS; **P<O.O 1 ;  ***P<O.OOl 
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Feed and feeding 

I n  experiment one, the animals were init ial ly grazing perennial ryegrass 

(Lolium perenne )  and white clover (Trifolium repens) pastures, but  

during the adaptation  period the amount of hay fed was progressively 

increased to avoid d ramatic changes in  the rumen fermentation .  

From 2nd of  June the cows received about o n e  third of  their ration as  

hay and the amount of  hay was increased unti l ,  from 1 2th of  J u ne to  

4th of Ju ly, the cows were fed to appetite on hay only.  

The level of feeding for each day was based on the previous two days 

intake. Genera lly, 1 00% plus ad-libitum feeding is practiced to make 

sure that in take is not limited ( Burns et al. , 1 994) . Therefore, the 

amount offered was calculated to result in  about 1 0% being left 

uneaten at the end of the 24 hours period, a n d  the hay offered dai ly 

to each cow ranged between 1 3  to 24 kg OM/ cow. The an imals were 

fed two times per day in two equal feeds ( 0830 and 1 530 hours)  i n to 

individua l  bins.  Dai ly feed intake was measured for each cow from 

1 61h of June  to 41h of Ju ly .  

I n  experiment two, the cows were offered a generous dai ly herbage 

a l lowance of about 30 kg DM/cow as assessed by a ris ing plate meter 

(Ashgrove Pastora l  Products, Palmerston North ,  New Zeala nd ) . The 

cows were grazing perennial  ryegrass (Lolium perenne)  and white 

clover (Trifolium repens) pastures . The level of feeding was assessed 

indirectly by recording 40 pre-grazing and 40 post-grazing readings of 

compressed sward height with the ris ing p late meter on the area 

grazed every day, and the daily area a l located for grazing .  Pre a n d  

post-grazing pasture masses ( kg DM/ha)  were estimated from the 

calibration equation ( Earle and McGowan ,  1 979; Holmes, 1 97 4 ;  

Stockdale, 1 984) : 
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DM kg/ha = (mean compressed height * 1 58) + 200 (2)  

D ai ly herbage a l lowance was calculated from the expression 

a ccording to Mil l iga n  et al. , ( 1 987) as: 

Herbage allowance 
( kg DM/cow/day) = 

Pre-grazing pasture mass (kg DM/ha) x Area grazed per 24 hours 

Number of cows 

A n d  a pparent herbage i ntake was calcu lated as : 

Apparent herbage intake = 

( Pre-grazing mass - post-grazing mass) *Area grazed /24h 

Number of cows 

(3) 

(4) 

M eas urements recorded 

Live weight and condit ion score 

During experiment one, l ive weight and body condit ion score ( BCS) 

were recorded at the beginning and at the end of the experiment, 

on 1 6th June and 4th Ju ly 1 998 respectively by the same person, at 

0800 hours .  The cows did not have access to feed for 1 4  hours 

( overnight )  prior to being weig hed and condit ion scored, on a scale 

from 1 (very th in )  to 1 0  ( very fat )  ( Holmes and Wi lson, 1 987) . 

I n  the second experiment, the cows were weighed and body 

condition score was assessed at the beginn ing and at the end of 

the  experiment,  on 8th and 1 5th June 1 999 respectively. In both 

experiments live weight  was recorded using electronic scales (Tru 

test Ag 500, NZ Ltd ) .  
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D ry matter i nta ke 

I n  experi ment one, the quantity of h ay offered (kg DM/cow/day) was 

in itial ly calcu lated assuming that each cow required for maintenance 

0.8 MJ ME/kg Lw0.75 and the energy content of the hay was a bout 7.52 

MJ ME/kg OM. In order to ensure that an effective ad-libitum hay 

a l lowance was offered, the amount offered was increased by a bout 

30% above the quantity est imated for maintenance. During the 

experiment,  the dai ly hay al lowance of each cow was adjusted to 

ensure that a bout 1 0% was left uneaten each day. Refused hay was 

col lected and  measured daily as kg of wet weight ( inc luding any 

sal iva, spi l led drinking water or faecal  contamination)  and then dried 

at 60 oc for 24 hours, and weighed OM content was calculated in  

order to  calculate dry matter intake ( OM I ) . DM I  by each cow was 

measured directly, as the difference between the weights of hay OM 

offered each day and the weight of hay OM refused at the end of 24 

hours .  The digestibil ity of the hay offered was measured in vitro . 

I n  experiment two, herbage intake of individual cows was assessed 

using the n-a lkane technique ( Dove and Mayes, 1 99 1 ; Dove et al. ,  

1 996) . On 2nd of June 1 999 controlled release alkane capsu les 

(Captec ( NZ )  Ltd . )  were administered into the rumen of each cow. 

The release rates, as g iven by the manufacturer, were approximately 

400 mg of n-dotriacontane (C32) and  400 mg of n-hexatriacontane 

(C36) per day as the indigestible markers to assess indiv idual cow 

herbage intake estimated from the concentrations of the a lkanes i n  

the faeces, a nd faecal output. Ca psu les were individua lly numbered 

using a sharp heated screwdriver and this number was recorded 

a long with  the  cow's identification number at the time of the  capsule 

insertion .  A specific flexible capsule applicator was used to i ntroduce 

the capsules via oesophagus,  and  genera l ly the capsu les were 

swallowed i mmediately. The cows were kept on concrete yards and 

8 1  
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observed for one hour after capsule administration to detect capsule 

regurgitation ,  but no capsu les were found. After a six-day stabi l ization 

period in order to reach stable concentrations of n-alkanes in faeces, 

col lection of faecal and grass sam ples started at 0600 hours ,  on at 

least th ree days during each of two consecutive five-day col lection 

periods to a l low for cows which migh t  not provide a sample during the 

first t h ree d ays. However, in this experiment both faeca l a nd grass 

samples were col lected only during the first three days of each 

sam pling period,  as indicated : 
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Faeca l sam ples were col lected into plastic containers (40 g 

a pproximately) on the paddock from each cow immediately after 

defecation a nd then frozen at -20 °C . Faeces were oven d ried at 60 

oc for 24 hours a nd pooled within 3-day sub-periods, for eac h  of the 

two col lection periods. At the same time as the faecal col lection, 

g rass sam ples were plucked manual ly .  The grass sam ples were 

pooled with in  3-day periods, sub-sam pled and stored at -20 oc until 

freeze-dried . Both faecal a nd pasture dried samples were g round to 

0 . 1 m m  particles. The n-a/kane concentration of the samples from the 

two periods were averaged a nd herbage intake was estimated from 

the concentration of C33 ( natura l  odd-chain) and C32 (dosed even-
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chain )  a lka nes in  the pasture a n d  faeces respectively, using  the 

fol lowing equation ( Dove & Mayes, 1 99 1  ) :  

(Fi/Fj) X Dj 
Doily dry matter intake (kg/cow) = -----­

Hi - (Fi/Fj) x Hj 
(5 )  

Where, 

Dj is the dai ly dose, or average release rate ( mg /day) 

from the capsu le,  of the synthetic even-chain 

a lkane (C32) .  
Hj and Fj are respectively, the herbage and faecal 

concentrations ( mg/kg DM) of the natural even­

chain a lkane (C32 ) .  
Hi and Fi are respectively, the herbage and faecal 

concentrations ( mg/kg DM) of the natural odd­

chain a lkane (C33) . 

Digesti b i l ity of feeds 

I n  experiment one, the hay samples were a nalysed in vitro i n  the 

Ana lytical Laboratory of  the Institute of  Food Nutrit ion and Human 

Health (Massey U niversity) (Table 2-2) for n itrogen (N )  content by the 

Kjeldah l  tec h n ique and for dry matter ( DM) , orga nic matter 

digestibi l ity ( O M D ) ,  dry matter digestibi lity (DMD) a nd orga nic matter 

digestibil ity of the dry matter (DOMD)  were ana lysed by the method of 

Roughan a nd Hol land ( 1 977) . 

I n  experiment two, herbage dry matter digestibi lity ( DM D )  was 

calculated in vitro from the pasture samples and faecal samp les for 

ind ividual cows, using the concentrat ion of n-alkanes in the h erbage 
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and faeces respectively as shown below. The n-alkanes were 

analysed at  Dairying  Research Corporation Limited (Hami lton) using  

the ana lytical  procedure described by M ayes et al . ,  ( 1 986) . Herbage 

DMD for each cow was calculated from the ratio of  herbage and 

faecal  concentrations of the natura l  odd-chain a l kane C33 using the 

equation ( Robaina et al. , 1 993) : 

Hi x Recovery rate 

Fi 
(6) DMD (%) = 1 -

Where the recovery rate was assumed to be 0.87 1 5, the average of 

recovery obtained by Stakelum and Di l l  on ( 1 990) 0 .86 a n d  Di l l  on and 

Stakelum ( 1 989) 0 .883 for C3 1 and C33 odd-chain a lkane respectively. 

Hi  and Fi were defined in the previous section .  

I n itia l ly the M/D of the pasture was predicted using the general ised 

equation (7 )  (Geenty and Rattray, 1 987) . Therefore the metabol isable 

energy ( M E) content of the pasture (MJ/kg DM) was estimated as :  

M/D = 0 . 1 6*DOMD (7)  

Nevertheless, N I R  predicted in vitro results for pasture were used to 

calculate DOMD 1 according with  the previous equation ( 7 )  as fol lows : 

DOMD 1  
M/D (MJ M E/kg DM) 

0 . 1 6  

D M D  and DMI  were calcu lated us ing the a lkanes concentrations 

accord ing with equations ( 6) a nd (5) respectively. H owever DMD 

could be a lso predicted us ing the fol lowing equation (8)  (Geenty and 

Rattray, 1 987 ) : 

DOMD = ( (0.98*DMD) - 4 .8) (8) 
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W here, DOMD 1 was previously calcu lated from equation ( 7) then 

DMD was a lso calculated from the N IR  a nalysis as: 

DOMDl  + 4 .8 
DMD = -----

0.98 

F ina lly, DMI can be calcu lated by fol lowing the equation (9 )  from 

Doves and Mayes, ( 1 99 1 ) :  

Faecal output ( from alkanes) 
DMI = -------------- (9)  

1 - Digestibility ( from NIR analysis) 

Statistical analysis 

In  experiment o n e, a simple non-l inear regression model was used to 

ana lyse the relation between DMI  a n d  LW (the dependent  and 

independent variab les respectively) us ing SAS™ program ( 1 996)  

version 6 . 1 2 . However, in this experiment  the data were transformed 

before being statistical ly ana lysed as base 1 0  logarithms ( Log w) .  Log w 

transformation was used in  a s imple l inear regression analysis of DMI  

and LW . The equation for the s imple l i near  regression model was :  

Log w DMI  = �o  + � 1  ( lo g w  LW ) + �:: ( 1 0) 

This model uses a straight l ine with s lope � 1 and the intercept �o to 

represent the relationship between log w DMI and log w LW . The 

transformed d ata were a lso compared using the one way ana lysis of 

variance us ing PROC GLM to analyse the  individual DMI .  Least square 

means were ca lculated to identify differences between variab les:  l ive 

weight,  l iveweig ht change,  condition score, condition score change,  

DMI  kg/cow/day, DM I/kg LW0.7s, M EI MJ/cow/day, lactation and days 

85 
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i n  p regnancy were ana lysed with  a model that inc luded the main 

effects of experiment,  and genetic l ine .  

In  experiment two, the above equation ( 1 0)  was used for the s imple 

l inear regression model to ana lyse DMI  and LW . A one way analysis of 

variance was used to ana lyse the individua l  DMI ,  the m odel  included 

l ine as  a treatment effect p lus  age and parity number as a covariates, 

cow was considered a random effect and differences betwee n  

genetic l ines were tested us ing t h e  least squares means  o f  cow nested 

with in  genetic group as the error term . S imple l inear reg ression ana lysis 

was performed us ing DMI  of each cow as the depend ent variab le 

and metabol ic LW ( LW0.75) as the independent variable . 
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Feed variables 

I n  experiment one and two, the cows were fed on hay and pasture 

respectively, as i nd icated by the in vitro digestibi lity ana lysis showed in 

Table 2-2 . 

Table 2-2. In vitro mean values for the digestibi l ity of the hay and pasture used in 

experiment one and two respectively. 

Parameter 

Dry matter digestibi l ity (DMD) (g/ 1 OOg DM) 

Organic matter digestibi l ity of the dry matter ( DO M D) 
(g/ 1 00g DM) 

Organic matter digestibility (OMD) (g! l OOg DM) 

Estimated metabolizoble energy (ME) (MJ/kg DM) 

1 DMD = Calculated using equation (8) 

2DOMD = Calculated using NIR analysis and equation (7) 

Digestibi l i ty (%) 

Hay Posture 

49 . 6  75.4 1 

47.0 69. ] 2  

5 1 . 1  80 .6  

7 .52 1 1 1 .05 

In experiment two, the digestibi l ity of the DM in pasture was 75 .4% 

(us ing equation (8) ) .  DMD was also calcu lated from the a lkane 

concentrations ( using equation ( 6) ) .  These va lues for DMD were 64 .4% 

a n d  67 .2% respectively for the L and H cows, which are much too low 

for leafy pasture in winter ( Hodgson ,  1 990; Holmes et al. , 1 987) . 

Therefore, a pooled value for DMD was calculated from the N IR  

ana lysis of the  pasture samples as exp lained in the methods section .  

Fina l ly the common value for DMD was used , together with  the 
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i ndividua l  values of faecal output for each cow (calculated from 

a lkanes )  to calculate d ry matter intake by each cow. 

Characteristics of the  pasture used for the herbage in take measured 

with  the p late meter are prese nted in  Table 2-3. The dai ly herbage 

a l lowance, pre-grazing and post-grazing herbag e  masses are 

s ummarized for the period and together with dai ly DMI  per  cow for the 

g roup .  

Table 2-3. C haracteristics  of the pasture used for h erbage i n  experiment two. 

Parameter 

Daily herbage a l lowance kg DM/Ha ( period )  

Herbage mass:  

Pre-grazing/kg DM/Ha ( period)  

Post-grazing/kg DM/Ha ( period) 

D ry matter i ntake kg/cow/day ( for the group)  

1 Calculated using equation (3) 
2Calculated using equation (4) 

Average 

29.58 1 

3227 

1 734 

1 1 . 1 62 

Metabolic l ive weig ht, l iveweig ht c ha nge a nd dry matter 

inta ke 

Sixteen pregnant non-lactating  cows fed i ndoors on hay d uring the 

winter of 1 998 and 24 pregnant non-lactating cows grazing on pasture 

duri n g  the winter of 1 999, both years fed ad-libitum, were i ncluded for 

t he  a na lys is .  The least squares means values of some variables used i n  

the  a n a lysis carried ou t  are l iste d  in  Table 2-4 . 

After a djusting for d i fferences in  age at  the beginning of the 

experi ment ( see Tab le 2- 1 L the resu lts indicate that  H cows were on 

average 73 and 7 5 kg heavier than the L cows in 1 998 and 1 999 
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respectively. In  add ition,  H cows in  1 998 were on average 1 2  kg 

heavier than in 1 999 similarly, and L cows in  1 998 were 1 4  kg heavier 

than in  1 999. Tota l mean values for l ive weight were 503 and 490 kg 

respectively for 1 998 and 1 999, possibly because cows used in  1 998 

were on average 0 . 7  years older than cows used in 1 999.  In  the first 

year H cows had h ig her body condition score than the L cows, whi le in  

the second year L cows had h igher condit ion score than the H cows . 

The re lation between  metabolizable energy intake ( MEI ) /cow per day 

and LW was sig nificant ( P<0.0 1 )  and ( P<0.05) for both years 1 998 a n d  

1 999 respectively (Table 2-4) . Least squares means ( s .e .d . )  for M E I  b y  

l ine as a treatment a n d  after adjusted b y  parity nu mber were 94 .5 

(2 .5 )  and 1 44 .7  (5 .7 )  MJ ME/cow per day for the H cows, and 83 .9 (2 .3) 

and 1 28 .4 (5 .7 )  MJ  M E/cow per day for the  L cows, in experiment one 

and two respectively. However, expressed per  kg0-75 the differences,  

between the H and L cows, in  M EI/kgo.?s were not sig nificant in either 

experiment one or two . Least squares means MJ ME/kg0-75 ( s .e .d . )  for 

H cows were 0 .83 (0 .0 1 )  on hay and 1 .3 1 (0 .04) on pasture, and for L 

cows were 0 .8 1  ( 0 .0 1 )  on hay and 1 . 3 1  (0 .04) on pasture .  

The  d ifference between the  strains in DM I  pe r  cow per day  was h igh ly 

significant ( P<O.O 1 ) , after adjustment by parity number in both years 

1 998 and 1 999 (Table 2-4) . The H cows ate 1 2 .52 kg DM of hay and 

1 3 . 1 0  kg  DM of pasture in 1 998 and 1 999 respectively, whi le the L cows 

consumed 1 1 . 1 1 kg DM of hay and 1 1 .63 kg DM of pasture in 1 998 a nd 

1 999 respectively . 
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Table 2-4. Leasf squares means and s.e.dl for BCS, LW, metabolic LW (LW0.7S), 

liveweight change (LWC), DMI, and DMI per kgo.7s adjusted by lactation number for 

each genetic line recorded during experiments one and two in 1 998 and 1 999 

respectively. 

1 998 1 999 

Parameters H s.e.d. L s.e.d. SignificJ H s.e.d. L s.e.d. Signific3 

n2 (cows) 8 8 1 2  1 2  

BCS 4.5 0. 1 3  4.5 0. 1 2  NS 4.5 0.1 1 4.6 0. 1 

LW (kg) 546 9.83 482 9.23 . . .  540 1 0.8 464 1 0.2 

LWOJ5 1 1 3 1 .54 1 02 1 .45 1 1 2 1 .7 1  99 1 .62 

LWC (kg/day) -0.01 0.0 1 8  -0.03 0.01 7 NS 0.8 1 0. 1 3  0.65 0. 1 3  

DMI 
1 2.52 0.33 1 1 . 1 1  0.31 • •  1 3. 1 0  0.5 1 1 1 .63 0.50 

(kg/cow/day) 

DMI/kgoJs 0. 1 1 0.002 0. 1 0  0.02 NS 0. 1 1 8 0.004 0. 1 1 8 0.004 

M El/ cow 94.5 2.5 83.9 2.3 1 44.7 5.72 1 28.4 5.72 

MEI/kg0J5 0.83 0.01 0.8 1 0.0 1 NS 1 .31  0.04 1 .3 1  0.04 

1 s.e.d. : Standard error of the difference 

2n : number of observations 

3 Significance: NS not significant; t P<0. 1 ;  *P<O.OS; **P<O.O 1 ;  ***P<O.OO 1 

The actual values for kg DM of hay eaten by each cow are shown 

Figure 2- 1 ,  for experiment one :  

18 

Figure 2- 1 .  The relation between dry matter intake (DM1; kg/cow/day) and live weight 

(LW; kg) for the genetically heavy and l ight cows in 1 998 fed ad-libitum on hay 
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The actua l  values for k g  O M  of pasture eaten by each cow are shown 

in Figure 2-2, for experiment two: 

18 -

Figure 2-2. The relation between dry matter intake (DMI; kg/cow/day) and l ive 

weight (LW; kg) for the genetically heavy and light cows in 1 999 fed ad-libitum 
on pasture 
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Comparison of the actua l  val ues for kg OM eaten by each cow are 

shown in  Figure 2-3, for both years .  
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Figure 2-3 . The relation between dry matter intake (DMI ; kg/cow/day) and live 

weight (LW; kg) for the genetically heavy and light cows in 1 998 and 1 999 
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As expected, dry matter intake per cow increased as l ive weigh t  

increased. The regression coefficient genera ted shows that for each 
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1 00 kg increased in LW (x) , DMI/cow/day increased by 1 .43 and  1 .8 1  

respectively i n  1 998, and 1 999,  a positive correlation betwee n  

DMI/c ow /day a n d  l ive weight .  I n  both years, H cows ate more than 

the  L c ows ( 1 2.52 a n d  1 3. 1 0  kg DM/cow/day by the H c ows; 1 1 . 1 1 and 

1 1 .63 kg  DM/cow/day by the  L cows, i n  1 998 and 1 999  respectively) . 

I n  t he  first year H cows ate 1 1 .2% more hay DM than L cows ( P<0.0 1 ) 

a n d  i n  the second year H c ows ate 1 3.2% more pasture DM than L 

cows ( P<O .O l  ) .  
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The relation betwee n  log 10 DMI a nd log 10 LW are shown in  Figure 2-5; 

DMI increased in proportion to Lwo.6s in 1 999.  
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FIGURE 2-5: The relation between log10 dry matter intake (DMJ) and log10 live 

wt:ight (L \V) [or lht: gt:m:tically ht:avy (H) and light (L) cows in 1 999 ft:d ad­
libitum on pasture 
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Comparison of the relation between log 10 DMI a nd log 10 LW are shown 

in Figure 2-6 ;  DMI increased in proportion to LW0.66 in  1 998 and Lwo.6s in  

1 999.  
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FfGURE 2-6: The relation between log10 dry matter intake (DMJ) and log10 live 

wt:ight (LW) for lht: gt:nt:lically heavy (H) and light (L) cows in 1 998 and 1 999 
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These show that an  increase of  1 00 percent in  LW was associated with  

an  increase of 66 a nd 65 percent i n  DMI  for 1 998 and 1 999  

respectively .  
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The relation between DMI/kg0.75 and live weight for experiment one is 

shown in Figure 2-7 .  
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FIGURE 2-7: The relation between dry matter intake per kg
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) and live weight (LW) for the genetically heavy (H) and light (L) 

cows in 1998 fed ad-libitum on hay 
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The relation between DMI/kg0.75 and live weight for experiment two is 

s h own in Figure 2-8. 
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FIGURE 2-8: The relation between dry matter intake per kg0·75 (kg DMI/kg0·75) 

and live weight (LW) tor the genetically heavy (H) and light (L) cows in 1 999 
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Fina l ly the relation between DMI/kgo.?s and l ive weight  for both years is 

s h own in Figure 2-9 . 
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DMI ,  expressed per kg0.75 was a lmost constant across the range of LW 
from 400 u p  to 600 kg . However, in 1 998 the least squares means  in  

DMI  per  kgo.?s for H cows (0. 1 1 )  is s l ight ly higher than for L cows (0. 1 0 ) , 

whereas in 1 999 the least squares means in  DMI  per kg0.75 is the same 

for H and L cows (0. 1 1 8 ) .  The differences in DMI  between the two 

strains expressed per kgo. 7s were not significant  in either 1 998 o r  1 999 .  
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Live weight and body condition score 

The H cows were on average 64 a nd 7 6 kg heavier than the L cows in  

1 998 and  1 999 respectively. I n  addition ,  H cows in  1 998 were on 

average 6 kg heavier than in 1 999 ,  s imi larly L cows in  1 998 were 1 8  kg 

heavier than in 1 999 .  Total mean va lues for l ive weig ht were 5 1 4 and 

502 kg respectively for 1 998 and 1 999, possibly because cows used in  

1 998 were sl ight ly older than cows used in 1 999. These d ifferences in 

body weight between the genetic l ines agree with those reported 

previous ly (Garcia Munfz et al. , 1 997 ;  Yerex et al., 1 988) . 

On the other hand,  there were no significant differences in  BCS 

between the two l ines in the present studies .  In  addit ion there were no 

significant  differences in LWC between the two l ines i n  both 

experiments; however LWC,  especial ly when measured over short 

periods of t ime, is not a very relia ble ind icator of real  changes in body 

because of  the possible mislead ing effects of gut f i l l  (Wa l lace, 1 96 1 ; 

Va n Arendonk  et al. ,  1 995) . 

Feed intake 

The generous provis ion of hay in experiment one showed that at least 

1 0% of the quantity offered was left uneaten at the end of each 24 

hour period .  S imi larly in  experiment  two, the generous dai ly pasture 

al lowance (29 .6  kg DM/cow) offered and the relatively h igh post­

grazing residua l  herbage mass ( 1 734 kg DM/Ha)  also provide strong 

indications  that actual  intake was probably not constra ined by the 
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quantity of herbage avai lable ( Bryant  e t  al . ,  1 980; Glassey et al . ,  1 980; 

Peyrau d  et a l. ,  1 996) . Therefore, from a quantitative point of view 

there was no l imitation to feed intake.  I n  contrast, the qua l i ty of the 

hay { 7 .52 MJ M E/kg DM)  was lower t h a n  the quality ( 1 1 . 1  MJ M E/kg 

DM)  of  the pasture, which m ust be taken  into account when the two 

experiments a re compared.  

D ry m atter i ntake per cow 

After adjust ing LW and LW0.75 for d ifferences by parity number on each 

genetic l ine ( see Table 2-4) , t here were sign ificant d ifferences in  DMI 

( P<0.0 1 )  between H and L cows eith er fed indoors on hay or  g razing 

on pasture in  1 998 and 1 999 . The least squares means for 

DM I/cow/day  for H and L cows were 1 2 . 8 1  and 1 1 .37 respectively, with  

a d i fference of 1 1  .2% per cow. These resu lts agree and  confirm the 

moderate, posit ive genetic correlation between l ive weight and feed 

intake in a range of 0 · 44 to 0 · 65 (Veerkamp,  1 999 ) ,  suggesting that 

hea vier an imals  consume more feed and may therefore be less 

effic ient than the l ighter a nimals ( Persau d  et al. , 1 990; Persau d  et al., 

1 99 1 ) .  However, in  the present studies ,  cows in the first year had dai ly 

D Mis per cow lower than in the second year  ( 1 1 .8 1  vs 1 2 .36) 

respectively, in dicating that cows on hay in the first year ate 4 .4% less 

d ai ly DM/cow than cows on pasture in the secon d  year. 

Nevertheless, in 1 998 H cows ate 1 1  .3% more hay than the L cows 

whi le i n  1 999 H cows ate 1 3 .2% more pasture than the L cows . 

The pasture D M I  measured by the a lkane technique was simi lar  to the 

va lues reported by other authors working with lactat ing cows at  s imi lar 

pastures a l lowances (G iassey et al. ,  1 980; B ryant et al. ,  1 980; Peyraud 

et al . ,  1 996) . On  average L cows ate s l ight ly less than the H cows by 

1 .4 1  kg DM an d  1 .47 kg DM in 1 998  a n d  1 999 respectively, and  the 

d ifferences in  both years were statistical ly s ign ificant  ( P<O.O 1 ) . 
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Furthermore, the overa l l  increase in DM I  ( kg DM) for each i ncrease of 

1 00 kg of LW in the present studies were 1 .43 and 1 .8 1 kg D M  per 1 00 

kg of LW for experiment one and two respectively. 

Th is effect of live weight  on DMI in the present experiments is in the 

range of those reported by other authors (Ta ble 2-5 ) . For instance, 

Donker et al. , ( 1 983) found differences of 0 .7 kg DM; Stakelu m & 

Connol ly ( 1 987 )  in the i ndoors trial us ing lactating cows fed ad-libitum 

with harvested grass reported differen ces between 1 .5 to 2 .2  kg DM;  

Laborde ( 1 998) a lso fou n d  a difference in DMI  of  0 .8  kg DM between H 

and L cows g razing on pasture. 

Table 2-5.  I ncrease in OMI (kg OM) of dairy c ows for each increase of 1 00 kg of LW 

(estimated values from the regression c o effic ient for LW from the equations 

presented by the authors 

Source 
Increase DMI/ 1 00 

Trial conditions 
kg LW ( kg DM) 

Wallace ( 1 96 1 )  1 . 1  Grazing 

Hutton ( 1 962) 1 .3 Grazing 

Holmes and Jones ( 1 964) 1 .3 Grazing 

Journet et al. ,  ( 1 965) 0 .7  Concent + forage 

Curran and Holmes ( 1 970) 2 .3 Grazing + indoors 

Bines ( 1 97 6) 1 .7 Roughage 

Brown et al. ,  ( 1 977) 1 . 1 Concent + forage 

Stakelum et al. ,  ( 1 987) 1 .5 Indoor 

Jarrige et al. ,  ( 1 989) 1 .2 Grazing + indoors (heifers! 

Jarrige et al. , ( 1 989) 0.8 Grazing + indoors (cowsl 

H olmes et al., ( 1 993) 2.0 Grazing 

Tamminga and Van Vuuren ( 1 995) 1 . 1 Indoor 

Laborde ( 1 998) 0.8 Grazing lactating cows 

Dean ( 1 998) 1 .2 I ndoor dry cows 

Present study ( 1 998) 1 .43 Indoor dry COWS 
Present study ( 1 999) 1 .8 1  Grazing dry COWS 

However, when DMI  was expressed per kg0.75, differences between 

the H and L cows were not s ignificant  in year one on hay nor in  year 

two on pastu re. 
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Rel atio n  between D M I  and LW; log1 0 LW and LW0·75 

There is l itt le evidence a bout variat ion in feed intake and live weight i n  

cows which d iffer genetical ly i n  LW . Least squares mean s  shows that,  

i n  both years the H g ro u p  was s ign ificant ly heavier than the L group 

546 kg LW v .  482 kg LW for cows fed on  hay and 540 kg LW v .  464 kg 

LW for cows fed on pasture, i nd icati ng  that on average H cows were 

64 kg a n d  7 6 kg heavier t han  the L cows i n  1 998 a n d  1 999 respectively; 

demonstrat ing an overa l l  d ifference of 1 2 .9% in LW for the H g roup 

aga inst the L group in  both years a n d  the H cows ate more DM per 

cow dai ly then the L cows, by 1 1 . 26% and  1 1 .22% in  experiment one 

a n d  experiment two . The present  results agreed closely with those 

reported by Dea n,  ( 1 998) ; Garcia Mun iz, ( 1 998) and  Laborde, ( 1 998) 

carried out  with cows differing  genetica lly by body weight  fed ad­

libitum on pasture or hay (Table 2-6) . 

Table 2-6.  Comparisons of l east squares means for LW, BCS, DMI of genetically 

heavy or l ight H olstein- Friesian c ows in different trials. 

Genetic line Significance 1 
Parameter Heavy Light  
LW {kg) 
Garcia Muniz, ( 1 998) 489 4 1 5 * * *  

Laborde, ( 1 998) 482 406 * *  

Dean,  ( 1 998) 578 46 1 * * *  

Present  study, ( 1 998) 546 482 * * *  

Present study, { 1 999) 540 464 * * *  

BCS (units) 
Garcia Muniz, ( 1 998) 4 .49 4.35 * 

Laborde,  ( 1 998) 4 .68 4.47 NS 
Dean,  ( 1 998)  4 .70 4.32 NS 
P resent  study, ( 1 998) 4.50 4.50 NS 
Present  study, ( 1 999)  4 .50 4.60 NS 
DMI (kg DM/cow/day) 
Garcia Muniz, ( 1 998) 1 3.7  1 2. 4  * 

Laborde,  ( 1 998) 1 5 . 1  1 4.3 * 

Dean,  ( 1 998) 1 3.3 1 2. 1  * * *  

Present  study, ( 1 998) 1 2.5  1 1 . 1  * *  

Present study, ( 1 999) 1 3. 1  1 1 .6 * *  

1 Significance: N S  not significant: t P<O. l :  *P<0.05: **P<O.Ol :  ***P<O.OOl 
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The higher va lues for DMI  reported by Garcia Muniz, ( 1 998)  and 

Laborde, ( 1 998)  were probably because the  cows used in  their tria ls  

were lactati n g .  

A s  mentioned i n  the previous section ,  t h e  genetic correlation between 

l ive weight a n d  feed in take capacity is positive (Veerka m p  et al. ,  

1 997; Veerka m p  et al., 1 999 ) ,  with correlations of 0· 34 and 0· 45 

reported res pectively ( Persaud et al . ,  1 990) a lso 0· 46 a n d  0· 28 

respectively ( Persaud,  et al., 1 99 1 ) .  In addition ,  the stud ies of 

Oldenbroek, ( 1 997) , where selection  was for increased yie lds ,  l ive 

weight was fou n d  to be highly posit ively correlated genetica l ly with  

feed intake and moderately positively genetical ly correlated with mi lk  

production ,  result ing i n  a smal l  to moderate negative genetic 

correlation between efficiency and  live weight (Veerkamp,  1 998) . 

However, l inear type traits proved to have moderate genetic 

correlations with some of the traits of economic importance discussed 

here and therefore, might be used as  indicator traits in  a selection 

index, which obviously wou ld be a g reat advantage to measuring 

weight or  inta ke (Veerkamp,  1 997) . 

At the same t ime, selection for improved feed efficiency has to focus  

on  improving the partition ing of  feed eaten i nto va luable components 

whi le ensuring  that the energy suppl ied for other important fu nct ions is 

n ot involved .  There are severa l option s  to use l ive weight a n d  feed 

i nta ke in genetic selection for improved economic efficiency.  Of 

these, selections  for increased mi lk yie ld and lower live weight a re the 

first choice as there is no doubt that smal ler cows have lower feed 

requirements for maintenance (Veerkamp,  1 998; Lemus R a mirez, 

2000) . 

The relationsh ip between LW and  D M I  was investigated by s imple 

l inear regress ion ana lysis after transform ation of the data for DMI a n d  
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LW to logarithms basew. The resu lt ing regression coefficient  data gave 

a n  estimate of the a ppropriate exponent of LWb in  the fol lowing 

equat io n :  

D M I  ( kg DM/cow/day) = a  LWb ( 1 1 )  

I n  the present stud ies the combined resu lts presented i n  F igure 2-6 

shows that DMI  increased in p roportion to L wo.66 a n d  L wo.6s i n  1 998 a n d  

1 999 respectively, whi le Dean ( 1 998) reported that DMI  i ncreased i n  

p roport ion t o  LW0.4 l . U nfortunate ly i n  the l iterature no other research 

was foun d  which establish the relat ion between Log w of DMI and  

Log 1 0 LW i n  cows which d iffer genetical ly i n  LW . Therefore even the 

most relevant trials foun d  are n ot d i rectly comparable to the present 

experiments s imply because the a nimals or the condit ions were 

different .  Corbett ( 1 960) u sed a group of 1 2  cows with a verage LW of 

530 kg to measure intake and  performances du ring stal l  feeding on  

cut  herbage and str ip grazing ;  regress ion ana lysis o f  these variables 

p rovided a coefficient which was s imi lar to that reported by Wal lace 

( 1 956 )  ( LW0.73) us ing 45 Friesian c ows and 55 Jersey cows with average 

LW of 505 and  400 kg respectively. Whereas Holmes ( 1 96 1 ) ,  used 

mature dry cows, heifers a n d  c a lves grazin g  on pasture at the same 

t ime,  obtain ing a regression coefficient  ( LW0.43) which was 

considera bly lower. However the cows were pregnant ,  with large 

losses in l ive weight;  the cow d ata were therefore d iscarded, and  the 

resu ltant  regression showed tha t  DM I  was p roportiona l  to LW0.62 us ing 

the data from heifers a n d  ca lves on ly .  l t  is u n l ikely that any s ing le 

exponent  of l ive weight can be adopted for animals at  a l l  ages and 

l ive weights . 

The l i terature reported that va lues of the exponent,  which  are c lose to 

1 .0 ,  i nd icate direct proportiona l i ty of the DM I  to body s ize ( LW) . While 

va lues c lose to 0.67 s u pports the contention that feed in take is related 
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to body surface a rea and those c lose to 0 .75 suggest that feed intake 

varies with metabolic weight (Table 2-7 ) . 

The data reviewed in  Table 2-7 shows that the present values ore 

with in the range from previous studies.  The resu lts in  the present 

studies shows that maximum DMI increases with LW0.66 and Lwo.6s,  while 

Dean ,  ( 1 998) in  a stal l  feeding tria l with dry pregnant cows fed on hay, 

showed that feed intake ca pacity increased in  proportion to LW0.4 1 

which is in  the lower ra nge of the ana lysed data.  

Stud ies carried out by Caicedo & Lemus  during 1 998 and 1 999 us ing 

other cows from the heavy and l ight s trains ( Lemus-Ramirez, 2000) 

showed that requ irements for maintenance costs increased 1 n  

proportion to LW0.63 and  LW0.7s in 1 998 a n d  1 999 respectively. 

Table 2 - 7. Relations reported between feed intake and l ive weight for cattle grazing 

on pasture or fed with hay trials 

Source Exponent for LW Trial conditions 

Winchester et of. , ( 1 953 LW0 66 Posture (beef calves) 

Wol loce, ( 1 965) Lwon Posture (cows) 

Corbett, ( 1 960) Lwon Posture ( lactating cows) 

Ho lmes e t  of., ( 1 96 1 )  LW0.43 Posture (dry cows, heifers, calves) 

Hodgson et al. , ( 1 964) LW0 6 1 Posture (dry cows) 

Dean ,  ( 1 998) LW0 4 1  Hay (dry pregnant cows) 

Coicedo & Lemus, ( 1 998) 1 LW0 63 Hay (dry pregnant cows) 

Coicedo & Lemus, ( 1 999) 1 LW075 Hay (dry pregnant cows) 

Present  study ( 1 998) LW0 66 Hay (dry pregnant cows) 

Present study ( 1 999) LW0.65 Posture (dry pregnant cows) 

J Lemus-Ramirez (2000) 

Therefore, the resu lts in  the present stud ies indicate that the va lue for 

the difference between (maximum intake capacity (MJ ME)  minus 

maintenance costs) does not increase with  increase i n  live weight and 

is nearly constant  for the H and L cows . This suggests that  the 

difference between maximum intake capacity and maintenance 
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costs, a n  important  determ inant of productive c a pacity, is not 

a ffected by genetic d ifferences i n  LW. 

There appears to be great potent ia l  to improve eco n o mic efficiency 

by selection for i ncreased feed i ntake and  decreased l ive weight, but  

there i s  st i l l  uncertain ly about some of the genetic parameters 

i nvolved, especia l ly for traits related to health, reproduction , a n d  

energy balance. Th is  l imitation  i s  the reason for the cu rrent interest i n  

a n  appropriate selection i ndex as  t o  i ncrease yield ,  decrease l ive 

weight  a n d  increase intake or may be to improve energy balance. 

Certa in ly, there is no  defin ite a n swer at this stage, and may be a l l  the 

t ra i ts m ust be cons idered simu ltaneously, otherwise there is the risk  that 

i mprovin g  just one trait may i ncu r  an adverse response i n  another trait . 

Therefore, further i nvestigatio n  of the input parameters of the 

biologica l  model of genetic meri t  is needed. The u nd erstanding of  

such a model might help to establi sh the index that is economica l ly 

most important .  
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The reproductive performance of Holstein-Friesian cows d iffering genetical ly 
for l ive weight was eva luated for the 1 998- 1 999 period a t  Massey University. 
The aim of the study was to eva luate and compare the reproductive 
performance between the heavy (H )  and  l ight ( L) cows two year old, three 
year & older a n d  al l  age groups .  Differences between genetic l ines were 

eva luated for c alving interva l s :  three week calving rate, ca lving to first 
service (CFS ) , p lanned start of mating to first service ( PSMFS ) ,  ca lving to 
conception ( C C ) ,  p lanned start of mating to conception ( PSMC ) ,  first service 

to c onception ( FSC)  and ca lving interva l (C l )  and percentage of induced 

cows. I n  addit ion, 21 days submission rate (SR ) ,  conception rate to first 
service (CRFS ) ,  percentage of cows treated with C I DRs a nd empty rate were 
also evaluated. Light cows showed a more concentrated ca lving pattern 
than the H c ows, and a higher percentage of L cows c alved in the first 3 
weeks than H cows ( 72% and 62% respectively) . Cows in the H l ine had a 
higher proportion of induced ca lvings . There were no s ignificant d ifferences 
between H and L cows in C FS,  CC,  PSMC,  FSC and C l .  However, the 
diffe rence in PSMFS between the stra ins was significa nt ( P<0.0 1 ) : H cows had 
shorter intervals than L cows (8 days and 1 3  days respectively) . Submission 
rate at 2 1  days was significant ly higher ( P<0.00 1 ) for H cows than L cows (96% 
and 85% respectively) , and H cows had lower CRFS than L cows (50% and 
7 4% respectively; P<0.05) . S imi larly H cows tended to  have a higher 
proportion of empty rates and  C I DRs than the L cows . The com bination of 
lower conception rate at  the first insemination and the later calving 
extended the conception a n d  ca lving pattern for the H cows and at the 
same time increased the probabi lity of an induced ca lving .  These results 

ind icate that l ight cows had higher C R FS ,  achieved a more concentrated 
ca lving pattern and fewer n eeded to be induced to calve than heavier 
cows. 
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... . . .. 

I.NTRODUCTION 
' . ' 

•. 

I n  New Zea land the seasona l  pasture based dairying  system dictates 

that  cows shou ld have a n  average calving in terval  of 365 days 

between consecutive calvings  ( Holmes et al., 1 987; Macmi l la n ,  1 979; 

Stevens et al . ,  2000) . Most of the New Zealand herds ca lve in late 

winter  or early s pring ,  in  order to maximize uti l izat ion of the spring 

pasture f lush a n d  then have a compact calving pattern and longer 

cow days in  mi lk  (Macmil la n et al., 1 984; Macmillan ,  1 998) . However, 

for detailed review of the reproductive performance refer back to the 

general  review section 1 .2 a n d  1 .3 (Chapter I ) . 

The efficiency a n d  management of the farm system wi l l  i n  turn have a 

s ign ificant inf luence on the ca lving pattern (Macmi l lan et al., 1 990) . 

Externa l  factors and management decisions i n  re lation to feed 

avai labi l ity have a sig nifican t  impact on the body condit ion,  which 

inf luence anoestrus and fert i l ity rates ( Garcia et al. , 1 999) . 

Good reproductive performance is required to maintain a tight 

calv ing pattern required to maximise mi lk yield a n d  feed uti l isation 

( Macmi l lan et al. , 1 994; Xu  & Burton ,  2000) . The major factor 

inf luencing the calving pattern is the preceding season ' s  conception 

pattern ( Bai ley, 1 999; Macmi l lan et of, 1 996; McDougal l  & Jol ly ,  2000) . 

W here it is based on the d ate for the start of the artific ia l  breeding 

(SAB)  program which must be 282 days before the plan ned start of  

ca lving ( PSC)  because th is  i s  the average of  pregn ancy length 

( Ho lmes et al . ,  1 987; Macmil lan e t  al . ,  1 97 6) . The ca lving  to 

conception i nterval should not exceed 83 days. The durat ion of the 

calv ing to conception i nterval depends on the ovarian involut ion after 

1 1 7 
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calving  {Smith a n d  Wa l lace, 1 998;  Xu a n d  Burton,  1 996;  Opsomer et 

al., 1 996) . 

The n u mbers of cows inseminated i n  the first three-weeks of the 

breeding program i s  a n  important  indicator of breeding 

ma nagement, wh ich is defined as  the herd submiss ion rate (SR )  

(Cannon ,  1 994) . The most important  requirement for effective 

breed ing ma nagement  in any herd in which artificial breeding (AB )  is 

used is accurate oestrus detection ( Ba i ley, Dascanio a n d  Murphy, 

1 999;  Ryan a nd Mee, 1 994) . The most common c ause of poor 

reproductive performance o n  dairy farms is  poor heat detection 

( H ardin ,  1 993; Pecsok, 1 994;  Britt ,  1 985; Ferguson,  1 989; Nebe l .  1 992) .  A 

s imple miss ing oestrus detection wi l l  de lay the conception date a nd 

reduce the S R .  Also, cows wit h  later conception d ates shou ld b e  

i nduced t o  ca lve p rematurely i f  t h e  concentrated season a l  ca lv ing 

p attern is to be mainta ined in  the e nsu ing production seaso n .  

The ca lvin g  pattern i s  p la n ned synchrony between feed d e m a n d  a nd 

feed supp ly, i n  order  to achieve the maximum uti l ization of pasture by 

g razing a n d  to convert o n ly surp lus amou nts into pasture hay or si l age 

( H olmes,  1 986;  McCa l l  a n d  Smith,  1 998; Macmi l lan ,  1 998; Xu & Burton ,  

2000) . These surp luses may be ut i l ized either in  periods o f  feed 

s hortage when pasture growth d oes n ot adequately meet the herd ' s  

feed demand or when feed requ irements ore lowest a n d  pasture is 

being deferred for l ater grazing by recent ly ca lved cows ( Brya nt et al., 

1 982; B rya nt ,  1 984; Ho lmes et al. ,  1 993) . Therefore a herd owner m ust 

c hoose a stocking  rate betwee n  the extrem es of having  cows fu l ly fed 

most of the t ime because growth rates exceed herd req u irements or, 

h aving a h igh  pasture ut i l ization rate for m ost of the year which wi l l  

resu lt i n  p eriods o f  control led u n derfeeding for cows when pasture 

g rowth rates a re l ess than adequate for the herd ' s  requirements  

( Bryant ,  1 990;  Ba i ley e t  al., 1 999; Pen no ,  1 999) . This resu lts in  a period of  
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negative energy balance that can have detrimental effects on cow 

condition and therefore on reproductive and productive performance 

(C iark e t  al. , 2000) . The extent to which the herd owner may choose 

to move between these l imits wil l also inf luence the date when that 

herd 's  ca lving is p lan ned to start ( Bryant et al., 1 987) . 

Poor reproductive performance should be considered as a range of 

effects rather than focused on a s ingle cause (C iark et al. , 1 998) . For 

example,  in-calf and  empty rates are commonly used to assess the 

overa l l  reproductive performa n ce for seasona lly mated dairy herds 

(Macmi l lan,  1 998) . The submission pattern and the conception rates 

achieved for artific ial  and natural breeding during the mating period 

determine mating performance (Macmi l lan et al. , 1 973) . This wi l l  

determine the average interval from the start of the artif icial breeding 

progra m to conception, the percentages pregnant in  the first 3 weeks, 

in-calf to AB sires, or in-calf to a herd sire used after AB ( natural 

mating ) .  Good ma nagement and feeding wi l l resu lt in a submission 

rate of 90 to 95% in  the first four weeks and 1 00% by the end of the 

seven weeks of the breeding period respectively ( Ho lmes et al. , 1 987) . 

Submiss ion rates are a funct ion of both heat detection  efficiency and 

the proportion of  cows cycl ing ( Bright l ing,  1 985; Hayes,  1 998) . Previous 

calvi ng  dates and  nutrition are the most importa nt factors that 

determine the level of anoestrus with in a herd . 

The ca lving pattern , sire and semen ferti l ity, technicia n ,  nutrit ion and 

the accuracy of  heat detect ion are important modifiers of  conception 

rates ( Hayes, 1 998) . Breed a n d  mi lk production are a lso associated 

with c h anges in reproductive performance.  Over 90% of New Zea land 

dairy herds have a s ingle seasona lly concentrated calving pattern 

(Macmil lan ,  1 998) . About 50% of the cows within a herd wi l l  calve 

with i n  a period of 1 4  to 28 days (Hayes, 1 998; Bright l ing et al. ,  1 990) . 

This marked degree of seasona lity is the consequence of a 
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management decis ion that p recedes the date when spring pasture 

growth is expected to accelerate a n d  p ro duce the maximum a m ount  

of d ry matter at  a time when lactations h ave peaked and cows are 

a ble to efficiently convert pasture to mi lksol ids ( Hoogendoom e t  al., 

1 988) .  The s h a pe of the calving pattern as wel l  as it ' s  t iming in relation 

to the pattern of  g rass g rowth wil l infl uence the efficiency of the whole 

farm system (Sheath et al. ,  1 996) . Therefore, the reproductive 

performance of  each herd determines the sustainabil ity of this system 

from one year to the next. Gross hands  et al. , ( 1 997 )  summarized in 

Figu re 3-0 the p rincipal  reproductive events for the seasonal  systems .  
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SMFS; interval from start of mating (SM) to first service; SMC: interval from SM 
to conception; CFS: interval from calving to first service; FSC: interval from first 
service to conception; CC: interval from calving to conception (days open}; Cl: 

interval betv.'een consecutive calvings; GL: gestation length. 

Figure 3- 1 . Relevant ferti lity traits for seasonal dairy systems.  Grosshans e t  al., ( 1 997 ) . 

Good feed management is required to a ch ieve mating targets that 

p rovide the basis o f  the sustainable p roduction system in N ew 

Zea land .  Especia l attention must be taken in pro longed anoestrus, 
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late carv ing cows a nd fai lure in oestrus detection effic iency to reach 

a good reproductive performance (McKay, 2000) . i t i s  essentia l to  

minimize the number of late ca lvin g  cows and empty cows to achieve 

low rates of  induction and cul l ing in the herd . 

Good heat detection ,  and a p lan ned approach using  a veterinarian 

to min imize the effects of  non-cycling cows, i s  an integral part of  

deal ing with the non-cycl ing cow problem. Non-cyders m ust be deal  

with early i f  pre-mating rates suggest a problem (Caval ieri e t  al., 2000) . 

F inal ly, it is becoming apparent that the poorly u nderstood 

interact ions between the metabol ic and reproductive systems are the 

key l imitors to both reproductive performance itself and the abil ity to 

manipulate reproduction through pharmacology and management .  

The relat ionsh ips between genetic traits, inc luding mi lk yield and live 

weight and  ferti l ity were discussed in chapter 1 .  The objective of th is 

experiment were to evaluate the effect of se lection for heavy or l ight 

mature l ive weight on reproductive performance cows from the two 

genetic traits during 1 998/ 1 999 period . 

1 2 1  
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The reproductive performance of the two genetic l ines of cows for the 

1 998/ 1 999 period was analysed . The information about calv ing date, 

parity n u m ber, pre-mating heats , i nseminations ,  l ive weight  and body 

condition score were col lected from ind ividua l  files recorded routinely 

at Dairy Cattle Research U n it (Massey U nivers ity) for each cow. Most 

of the ind icators pointed out by Grosshans  et al. , ( 1 996 )  for the 

evaluation of ferti l ity traits in New Zealand dairy cows were analysed :  

planned start o f  calv ing to calving ,  calving date to first heat, p lan ned 

start of mating to first service, pla n ned start of mating  to conception 

were ana lysed . Considering the importa nce of compact calv ing 

under a seasonal system, ana lysis of the ratios for the cows in  each l ine 

were ach ieved for: ca lving date at first mating and cows which fa i led 

to conceive; submission rate at 2 1  a nd 42 days; percentage of ca lved 

cows at 2 1 , 42 and 42+ days; the percentage of cows i nduced to 

calve prematurely and cows treated with C I DRs also were analysed.  

Calving interva ls 

Calving to first service (CFS) 

The managers at DCR U  recorded vis ible heat activity d uring  the twice­

daily mi lki ng  sessions by s imple observation assisted by the use of the 

tail paint method . In seasonal dai ry systems with a concentrated 

calving a n d  breeding  period,  tail paint ing has proven to be the 

greatest a id  in heat detection (Macmil lan et al . ,  1 977 ) . A cow was 

considered to be on heat when it stood to be mounted by other cow. 

1 23 
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Anoestrous cows were checked by manual pa lpation one week 

before the p lanned start of mating (3Qth October) , when the cows 

confirmed with a noestrus were treated with CIDRs .  The C FS in terval  

was obtained by subtracting the calv ing date (CD) from the day of 

first A l .  

Pla n ned start of mating to first service (PSMFS) 

PSMFS in terva l  was calcu lated as the difference between the date of 

first service a n d  the date of p lanned start of mati n g .  

First service to conception (FSC) 

The difference between the date of first service and the conception 

date was considered as the FSC interva l .  

C a lvi n g  to c o n c eption (CC) 

Th i s  interval  was ca lcu lated as the difference between the calv ing 

date and the conception date. 

Plan ned start of mating to c o nc e ptio n  interval  

The AB started on  the 3Qth of October and  was carried out u nti l  the 1 5th 

of December. Cows detected on  heat were artific ia l ly in seminated 

(A I )  by a technician from Livestock I mprovement Corporation  ( LIC ) . 

Cows from eac h  l ine were Al ' d  with p redetermined H or  L bul ls  

according with the aims of the two genetic l ines experiment .  The 

natural mating  started from the end of the AB period and continued 

for a pproximately 4 weeks. The h erd managers a lso recorded the 

natura l  matings .  Cows were pregnancy tested in  March by a 

Veterinarian us ing manua l  pa lpation diagnostic .  Conception date 
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was estimated from the date of the last service recorded and  from the 

calving date of the fo l lowing year. I f  there was a d iscrepancy 

between the last service and the ca lving date, conception date was 

estimated by subtracting the pregnancy length (282 days) from the 

calv ing date of the fol lowing year. 

Conc eption rate to first service (C R FS) 

Conceptio n  rate to first service was obta ined by considering that a 

cow had become pregnant to the first service only .  Pregna ncy 

confirmation  was assumed if the c ow did not show another heat 

within the next 24 days or did not have any further Al . H owever, the 

cows were preg nancy tested and were diagnosed as pregnant or 

non-pregnant  by manual  pal pation .  

Reprodu ctive management 

The reproductive management ca lendar for the DCRU d uring the 

period 1 998/ 1 999 are summarised in  Table 3- 1 .  

Table 3- 1 .  Reproductive management c alendar for DCRU during the period of 

1 998/1 999. 

Reproductive Event 

Planned start of ca lving (PSC}  

Calving period 

Pre-mating heat detection 

Planned start of mating (PSM} 

Artificial Breeding period 

Natural mating period 

Pregnancy test 

Dote 

20 of July 

20 July to 20 September 

1 month prior to PSM 

1 0  October 

6 weeks 

4 weeks 

6 weeks after finishing mating period 
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Statistica l  a n alysis 

The reproductive data were subjected to ana lysis of variance us ing 

PROC CATMO D  us ing SAS™ progra m ( 1 996) vers ion 6 . 1 2 .  Ca lv ing data 

a n d  the post partum interva l s :  calv ing to first service (CFS ) ,  p lanned 

start of mating to fi rst service ( PS M FS ) ,  calving to conce ption (CC) , 

p lan n ed start of mating to concept ion ( PSMC) and days o pen ( DO) 

a n d  i nterva ls  between calv ing (C l )  were evaluated through  the use of 

c h i  square test (X2) .  The model inc luded the genetic l ine as the 

treatment effect and the data were adjusted by the parity n u m ber 

varia ble with the interaction  of l ine and parity number effect were 

used . For continuous variables,  least squares means were used to 

ana lyse the data . Some of the c ontinuous variables u sed in  the 

a n a lysis were not normal ly d istribu ted and ,  therefore , they were 

normalised . 
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Live weight, liveweight gain and body condition score 

Sixty-eight  cows from the two stra ins  d iffering genetical ly i n  LW were 

included for the reproductive performance analysis. Cows cu l led 

before the p lanned start of mating were exc luded ( 1 5  cows ) ,  and 

cows with miss ing data were not  inc luded (5 ) . 

Least squares means of in itial and fina l  LW , BCS (of the corresponding 

lactation period) and liveweight ga in  variables used for the ana lysis 

a re presented in Table 3-2 . There were h igh ly s ignificant d i fferences in 

in itial and fina l  LW between genetic l i nes ( P<O.OO l ) .  Both genetic l ines 

had a posit ive LWG however there were no sign ificant d i fferences in 

LWG between the l ines. Both genetic l ines a lso had consistent  losses in 

body condit ion but the differences between the l ines in body 

condition were not sig n ificant .  

Table 3-2. Least squares means (s .e.d.) 1  for in itial live weight ( I LW), final  live weight 

( F LW), liveweig ht gain ( LWG), initial body condition score { IBCS) and final body 

condition score ( F BCS) for the heavy (H) and l ight {l) genetic lines of c ows. 

Parameter H Sig2 L Sig2 

n3 30 38 

Initial LW ( kg)  46 1 (8.9) * * *  424 (6 .0) * * *  

Final LW (kg)  489 (9 .3) * * *  447 (8.3) * * *  

Gain in LW (kg/day) 0. 1 46 (0.0 1 9 ) NS 0. 1 1 8 (0 .0 1 7) NS 

Initial BCS 4.7 (0.05) NS 4 .5  (0.04) NS 

Final BCS 4. 1 (0.04) NS 4 . 1 (0 .03) NS 

1 s.e.d. : standard error of  the difference 
2 Significance: NS not significant; t P<O. l ;  *P<0.05; **P<O.O l ;  ***P<O.OO l 

Jn : number of observations (cows) 
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Calving p erlormance 

The number ( n )  and proportion (%) of cows which ca lved in the first 3 
weeks, second 3 weeks, > 7 weeks, a n d  the cows induced to ca lve for 

the two genetic l ines d uring the 1 998/ 1 999 calving period are 

presented in Table 3-3. 

Table 3 -3. N umber and percentage of cows in 1998/1999 calving period of the 

heavy (H) and light (L) genetic lines of c ows, two years old, three years & older, and 

total age groups. 

Calving period 
2 years o ld 3 years & older Total 

H L H L H L 

Week 1 to 3 n 6 6 22 28 28 34 

% 60 67 63 73 62 72 

Week 4 to 6 n 4 2 1 3  9 1 7  1 1  

% 40 22 37 24 38 23 

Week > 7 n 0 1 0 1 0 2 

% 0 1 1  0 3 0 5 

Cows induced to n 0 0 7 2 7 2 
calve prematurely % 0 0 20 5 1 5  4 

n : number of observations (cows) 

Chi  square va lues (X2) a n d  standard errors (s .e. ) shows the level of 

sign ificance between treatments ( l ines) a fter adjustment by parity 

number wit h  the effect of parity* l ine incl uded during  the 1 998/ 1 999 

ca lv ing period (Table 3-4) . 
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Table 3-4. Calving performance in 1 998/1 999 period of the Heavy (H) and Light (L) 

genetic lines of c ows. two years old, three years & older. and total age groups. 

2 years old 3 years & older Total 
Calving period 

H L X2 s .e. Sigl H L X2 s.e. Sig1 H L X2 s .e. Sig 

Week 1 to 3 % 00 67 1 .32 0.47 NS 63 73 9.38 0.25 

Week 4 to 6 % 40 22 0.24 0.70 NS 37 24 3.82 0.56 

Week > 7 

Cows 
induced to 

calve 

prematurely 

% 0 1 1  66.3 1 06 

% 0 0 NA NA NA 

0 3 95.5 1 .01 

20 5 25.8 0.42 

' Sig nificance: NS not signific ant; I P<O. l ;  *P<0.05; **P<O.O l ;  ***P<O.OOl 
n : number of observations (cows) 

NA: not applicable 

62 72 1 0.6 0.22 

38 23 4. 1 0  0.42 

0 5 0.04 0.20 

1 5 4 33.4 0.41 

Fig ure 3- l shows the percentage of the  H and L cows. two years old 

ca lved at the e nd of the 3rd and 6th week of the 1 998 ca lvin g  period . 

I n  the first 3 wee ks a pproximately 45 % of the L cows calved in  the first 

week and 22% in the 3rd week whi le 30% of the H cows calved in the 

first week. 20% i n  the 2nd week and l 0% i n  the 3rd week.  

Figure 3-1 . Calving rate i n  1 998 of the Heavy ( H) a n d  Light (L) 

genetic l i nes of Holstein cows, two years old 
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Figure 3-2 shows the percentage of the H and L cows, three years old 

and older calved at the end of the 3rd and 6th week of the 1 998 

calving period .  I n  the first 3 weeks approximately 29% of the L cows 

calved in the first week, 32% in the 2nd week and 1 3% in the 3rd week 

while 29% of the H cows calved in the first week, 1 4% in the 2nd ·week 

and 20% in the 3rd week. 

Figure 3-2. Calving rate i n  1 998 of the Heavy (H)  and Light (L) 
genetic lines of Holstein cows, three years and older 
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Figure 3-3 shows the percentage of the total H and L cows, calved at 

the end of the 3rd and 61h week of the 1 998 calving period . I n  the first 3 

weeks approximately 32% of the L cows calved in the 1 st week, 26% in 

the 2nd week and 1 5% in  the 3rd week while 29% of the H cows calved 

in the 1 st week, 1 6% in the 2nd week and 1 8% in the 3rd week.  
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Figure 3-3. Calving rate in 1 998 of the Heavy (H)  and Light ( L )  

genetic l i nes o f  Holstei n  cows ( a l l  a g e  groups) 
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Figure 3-4 shows the percentage of cows induced durin g  the 1 998 

calving period . The percentage of L cows induced were 0%, 5% and 

4% for the two years old, three years & older and the tota l age g roups 

respectively .  I n  contrast the percenta g e  of H cows induced were 0%, 

1 9% and 1 5% for the two years old , thre e  years & older and  the tota l 

age g roups resp ectively. 

Fig ure 3-4. Percentage of cows ind uced i n  1 998 calving period 

of the Heavy (H)  and Light (L) genetic l i nes of Holstein cow s, two 

years old, three years & older and the total ( a l l  age groups) 
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Postpartum intervals 

Table 3-5 presents the mean intervals for some of the reproductive 

interva ls between the two genetic strains of cows, two years o ld,  three  

years & o lder and the tota l a g e  groups during 1 998/ 1 999, and the  

level o f  s ignificance for the differences between the  two strains 

Table 3-5. Calving intervals in  1 998/1 999 period of  the Heavy (H)  and Light (L) genetic lines 

of cows, two years old, three years & older and the total age groups. 

Two years old Three years & older Total 

Interval H L Sig 1 H L Sig 1 H L 

CFS (days) 71 81 NS 88 79 NS 80 79 

PSMFS (days) 5 1 4  t 1 1  1 2  NS 8 1 3  

C C  (days) 86 90 NS 1 02 87 NS 94 88 

PSMC (days) 22 23 NS 24 21 NS 28 24 

FSC (days) 1 6  9 NS 1 4  8 NS 1 5  9 

C l  (days)  0 0 NA 368 365 NS 368 365 

CFS: Calving to first service interval 

PSMFS: Planned start of mating to first service interval 

CC: Calving to conception interval 

PSMC: Planned start of mating to conception interval 

FSC: First service to conception interval 

Cl :  Intervals between calving 

1 Significance: NS not significant; I P<O. l ;  *P<O.OS; **P<O.O l ;  ***P<O.OO l 

For a l l  age  groups, the H cows had higher mean interva l s  for C FS, CC,  

PSMC, FSC and C l  than the L cows. However, in  the two year o ld 

g roup,  H cows had a shorter C FS,  PSMFS, CC,  PSMC and FSC interva ls 

than the L c ows. On average, two year old g roup had shorter intervals  

for C FS,  for PSMFS and for CC than the o lder group. 

Sig 1 

NS 

** 

NS 

NS 

NS 

NS 
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Mating perlormance 

Tab le  3-6 shows t h e  number ( n )  and proportion (%) of c ows mated in 

the first 3 weeks of breeding ,  second 3 weeks of breeding, cows 

treated with C I D R ' s, conception rate to first service ( C R FS) and cows 

which failed to conceive for the two genetic l ines du ring the 

1 998/ 1 999 breeding period. 

Table 3-6. N umber and percentage of cows mated in the 1 998/1 999 breeding 
period of the heavy (H)  and light (L) genetic lines of cows, two years old, three years 

& older, and total age groups. 

Two years old 
Three years & 

Total 
older 

H L H L H L 

SR week l to 3 n 1 0  7 34 33 44 40 
% 1 00 78 94 87 96 85 

SR week 4 to 6 n 0 2 2 5 2 7 
% 0 22 6 1 3  4 1 5  

Cows treated with n 4 4 8 5 1 2  9 
C I DR ' s  % 40 44 22 1 3  26 1 9  
CRFS n 6 8 1 7  27 23 35 

% 60 89 47 71 50 74 

Cows which failed n 2 3 1 0  4 1 2  7 
to conceive % 20 33 24 1 0  23 1 5  

SR: Submission rate 

CRFS: Calving rate to first service 

n: number of observations 

C hi square va lues (X2) a nd standard errors (s.e. )  s how the level of 

s ign ificance between treatments ( l ines)  after adjustment by parity 

n u m ber with t h e  effect of parity*l ine included for t h e  breeding period 

1 998/ 1 999 (Tab le  3-7 ) .  
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Table 3-7. Mating performance In 1 998/1 999 period of the Heavy (H) and Light ( L) genetic 

lines of cows, two years old, three years & older and the total age groups. 

Two years old Three years and older Total 
·-

H L X2 s.e. Sig1 H L X2 s.e. Sigl :""'H L _X2 s.e. Sigl:': 

SR week 1 to 3 % 1 00  78 1 05  0.80 94 87 29.3 0.43 �00 85 33�8.== 0.41 

� 

SR week 4 to 6 % 0 22 1 .28 0.47 NS 6 1 3  0.22 0.23 NS 4= 1 5  0.87 0.20 NS:'E. 

Cows treated 
% 40 44 0.46 0.46 NS 22 1 3  25.2 0.31 26 1 9  21.§" 0.25 

with CIDR' s 

C RFS % 60 89 4.01 0.62 47 71 2.59 0.24 t '50" 74 �5.76 0.22 

Cows which 
failed to % 20 33 3.84 0.53 24 1 0  22.9 0.32 23 1 5  3:w 0.26 

conceive -

SR: Submission rate 

CRFS: Conception rate to first service 

n: number of observations 

1 Significance: NS not significant; t P<O. l ;  *P<0.05; **P<O.Ol ;  ***P<O.OOl 



Reproductive performance in cows differing genetically for body weight 

The present study evaluated and compared the reproductive 

performance and  some factors influencing the reproduction ,  of the 

heavy and light Holstein-Friesian cows differing genetical ly in live 

weight .  

The results i n  the present study  agree with the experimental evidence 

with Ho lstein-Friesian cows differing genetica l ly for l ive weight (Tab le 3-

8) . Heavy cows had higher percentage of OS genes than the L cows, 

on  average H cows were heavier than L cows 1 4 .2% ( Holmes et al., 

1 999 ) ;  1 5 .8% ( Laborde, 1 998) and 8.4% in the present study. 

Table 3-8. Experimental evidence of  reproductive performance for Holstein- Friesian 

c ows differing genetically for live weight. 

Source 

Live weight (kg) 

Holmes et al. , ( 1 999) 

Laborde, ( 1 998) 

Present study ( 1 999) 

S ubmission rate 21 days (%) 

Holmes et al., ( 1 999) 

Laborde, ( 1 998) 

Present study ( 1 999)  

Di l lon & Buckley, ( 1 998) * 

Conception rate to 1 st service (%) 

Holmes et al. , ( 1 999)  

Laborde, ( 1 998) 

Present study ( 1 999) 

Pryce et al., ( 1 999) 

Di l lon & Buckley, ( 1 998) * 

Empty rate (%) 

Present study ( 1 999) 

Di l lon & Buckley, ( 1 998) * 

Heavy Light 

490 420 

48 1 405 

475 435 

9 1  93 

60 7 1  

9 6  85 

88 93 

54 65 

58 70 

50 74 

39 49 

4 1  53 

23 1 5  

24 1 0  

*Dillon & Buckley, ( 1 998)* compared high and medium genetic merit cows. 

Country 

New Zealand 

New Zealand 

New Zealand 

New Zealand 

New Zealand 

New Zealand 

Ireland 

New Zealand 

New Zealand 

New Zealand 

Scotland 

Ireland 

New Zealand 

Ireland 
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The resu lts from Holmes et al., ( 1 999 ) ;  Laborde, ( 1 998) and  Di l lon e t  al . ,  

( 1 998) shows that heavy cows had lower 2 1  days submiss ion rates than  

l ight cows, whi le the  present study shows higher 3 weeks submission 

rates for the H cows than the l ight cows in both age groups .  However, 

L cows had higher conception rates to first service than the H cows in 

both groups,  with the overa l l  proportion of 7 4% for the L cows vs. 50% 

for the H cows, which in turn caused a less compact calv ing pattern in 

the fol lowing year. At the same time, higher percentage of the l ight  

cows ca lved in the first 3 weeks of the ca lving period tha n  the heavy 

cows; 72% versus 62% for the l ight and  heavy cows respectively, and  a 

higher percentage of the heavy cows were induced to ca lve 

prematurely than the l ight cows 1 5% vs. 4% respectively. For the three 

year olds a n d  older, there were more empty cows in the heavy l ine 

than in the l ight l ine 24% vs. 1 0%, s imi lar  to the resu lts of Di l lon & 

Buckley, ( 1 998) who compared cows of high an  medium merit . 

Postpartum intervals 

I n  New Zea land  to maintain a seasonal  ca lving herd, is required that 

cows must ca lve on average every 1 2  months (Malmo, 1 985; 

Esslemont, 1 993) . Given an average gestation length of 282 days, 

ca lving to conception intervals of :::;83 days are required in  order to 

maintain a 1 2-month production cycle.  In order for the New Zea land 

seasonal  calv ing herds to  maintain a n  a nnual  ca lving cycle that 

consists on 1 0 month period of lactation ,  a two month dry period a n d  

a min imum interval  o f  3 0  days between ca lving and PSM (to complete 

u terine invo lution ) ,  a l l  cows must conceive within 53 days of the PSM 

(equivalent to 2.5 oestrus cycles) (Caval ieri et al . ,  2000) . Table 3-9 

compares the resu lts of the postpartum intervals in the present study 

with others s imi lar stud ies carried out with Holstein-Friesia n  cows 

d iffering genetica l ly for l ive weight .  
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Table 3-9. Comparison of the calving intervals in different studies for Holstein-Friesian 
cows differing genetically for live weight 

I nterval H L Significance 1 Period 
Source 

CFS (days) 

Garcia-Munfz, ( 1 998) 78 82 t 1 992- 1 99 7  
Present study 80 79 NS 1 998- 1 999 

PSMFS (days) 

Garcia-Munfz, ( 1 998) 1 1 . 7 1 1 .6 NS 1 992- 1 99 7  
Laborde, ( 1 998) 1 2  1 1  NS 1 992- 1 99 7  
Laborde, ( 1 998) 1 0  1 1  NS 1 996- 1 99 7  
Present study 8 1 3  * *  1 998- 1 999 

CC (days) 

Garcia-Murlfz, ( 1 998) 93.5 93.6 NS 1 992- 1 99 7  

Present study 94 88 NS 1 998- 1 999 

PSMC (days) 

Garcia-Murlfz, ( 1 998) 28 24 t 1 992- 1 99 7  

Laborde, ( 1 998) 25 2 1  NS 1 992- 1 99 7  

Laborde, ( 1 998) 1 1  1 4  NS 1 996- 1 99 7  

Present study 23 22 NS 1 998- 1 999 

FSC (days) 

Garcia-Munfz, ( 1 998) 1 7  1 3  1 992- 1 997  

Present study 1 5  9 NS 1 998- 1 999 

Cl (days) 

Garcia-Munfz, ( 1 998) 375 373 NS 1 992- 1 997  

Present studt 368 365 NS 1 998- 1 999 

1 Significance: NS not significant; t P<O. l ;  *P<0.05; **P<O.O l ;  ***P<O.OO 1 

CFS: Calving to first service interval 

PSMFS: Planned start of mating to first service interval 

CC: Calving to conception interval 

PSMC: Planned start of mating to conception interval 

FSC: First service to conception interval 

Calving to fi rst service i nterval 

For a l l  age groups a nd three years & older group, H cows had longer 

CFS interval  (80 days a nd 88 days respectively) than L cows ( 79 days 

and 79 days respective ly) . Whi le for the two year old group, H cows 

had shorter C FS interval than L cows ( 7 1  days and 8 1  days 
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respectively) .  The values i n  the present  study are comparable to 

those reported by Garcia-Muniz, ( 1 998) and  Laborde, ( 1 998) with H F  

cows differing  genetical ly by live weight Table 3-9 

S horter CFS in terva ls have been associated with lower conception 

rate to the first service,  especia l ly with h igh producing cows ( Dhaliwa l 

e t  al. ,  1 996) . However, longer C FS intervals are associated with  

i ncreased open days (Oitenacu et al. ,  1 980) , and longer calving 

i ntervals (Macmi l lan,  1 979) . However the CFS i nterval  observed for the 

L cows in the present study are a lso compara ble to those reported for 

New Zea land Holstein-Friesia n  cows in other studies 77 days 

( Macmi l lan & Moller, 1 977b) ; 76 days (Macmil lan et al. ,  1 987) and 76 

d ays (Grosshans et al. ,  1 997) . 

Opsomer et. al . ,  ( 1 996 )  and  O'Farrel l ,  ( 1 998) a lso indicated that,  

together with the efficacy of heat detection ,  the management 

d ecision on  when to start breeding and  the overa l l  conception rate, 

the  early resumption of  ovarian cyclicity is one of the most important 

factors determin ing the length of the calv ing interva l .  

The ca lv ing to first service interval depends on the re-establish ment of 

the  ovarian activity after calving,  the occurrence and detection of 

oestrus and  the farmer 's  pla nned start of mating date, if th is occurs 

later than the previous factors ( Malmo, 1 985; Peters & Bal l ,  1 987) . 

O uweltjes et. al . ,  ( 1 996 )  showed a sign ificant effect of herd on CFS 

i n terval  i ndicat ing the strong in fluence that a farmer has on the t iming 

of first i nsemination .  
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P l a n ned start of mating to fi rst service interva l 

For the al l  age groups ,  L cows had longer PSM FS interval  ( 1 3  days) 

than  the H cows (8  d ays) , confirming the tight calving pattern 

a chieved by the latter g roup .  The three year olds group  had very 

s imi lar PSMFS between two stra ins .  However, i n  the two year olds 

g roup,  H cows had much shorter PSMFS intervals than the L cows ( 5  

d ays a n d  1 4  days respectively) , because o f  their  sl ightly more spread 

c a lving pattern . 

The resu lts in the present study are in  a s imi lar ra nge to those reported 

by Garcia-Mun fz, ( 1 998)  and La borde, ( 1 998) Table 3-9 . In  other 

s tud ies with Holstein-Friesian cows, Macmi l lan ,  ( 1 987) reported the 

overa ll mean of PSMFS i nterva ls was 1 3  days, however Grosshans et al. ,  

( 1 997) reported on  average a much longer PSMFS interva l ( 1 9  days) . 

Macmil lan ,  ( 1 985) pointed out that the accuracy of oestrus detection 

a nd the proportiona l  incidence of postpartum anoestrus wou ld  

in fluence the  PSMFS i nterva l .  For example, i f  detection rate were 90%, 

then the PSM FS interva l  would be 1 3 .5 days,  a nd if it were only 80%, 

then the PSM FS wou ld be 1 6 .2 days.  

C a lving to con ceptio n  i nterval (open days) 

The calving to conception interva l determined in  this study for the 

combined group was longer for H cows than for L cows (94 days and 

88 days res pectively) . These resu lts were s l ig htly d ifferent from those 

reported by Garc ia-Munfz, ( 1 998) (Table 3-9 ) . However, the two year 

old group had shorter CC interva l  for H cows than for L cows (86 days 

and 90 days respectively) ; whi le the three year & older group had 

considera ble longer CC interval  for the  H cows than the  L cows ( 1 02 
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days and 87 days respectively) . These resu lts a re a lso in  agreement 

with other studies reported by Macmi l lan et al . ,  ( 1 987) and Grosshans 

et al. ,  ( 1 997) , for which the overa l l  mean for the Holstein-Friesian cows 

were 88 days a nd 90 days respectively. 

P l a n ned start of mating to conception i nterval 

The PSMC interva l for the al l  age g roups was simi lar for the H cows and 

for the L cows ( 23 days and 22 days respectively) . These difference 

a n d  the lower C R FS for the heavy stra in indicates that H cows were 

comparatively less l i kely to conceive than L cows . However, in the two 

year old g roup L cows had sl ight ly longer PSMC interval than the H 

cows (23 days and 22 days respectively) . 

The present resu lts agreed with the resu lts presented by Garcia-Munfz, 

( 1 998) and Laborde,  ( 1 998) , from the analysis of the 1 992- 1 997 period 

(Table 3-9 ) . These resu lts are a lso in the range of other studies in 

Holstein-Friesian cows reported by different authors :  28 days 

( Macmil lan & Clayton, 1 980) ; 24 days (Macmil lan  e t  al., 1 987) ; 2 1  days 

(Xu et  al. , 1 996) , and Grosshans et  al., ( 1 997)  reported a higher mean 

for PSMC interva l  33 days .  

Macmil lan ( 1 985) pointed out  that conception rate and distribution of 

return intervals, as well as the submission rate wi l l inf luence the interval 

PSMC.  In combination with C R FS or subsequent inseminations, the 

oestrus detection rate wil l a lso inf luence the intervals PSMC and FSC 

( Macmi l lan, 1 985) . Therefore, the longer PSMC interval for the H group 

is compared to the other L g roup, which is consistent with i ts lower 

C R FS .  
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First service to conception interval 

First service to conception interval was six days longer for the H cows in  

the a l l  age groups and in the three year & older group respectively; 

while in the two year old group,  this interval was seven days longer for 

the H cows (Table 3-5) . There were no significant  differences between 

H cows and L cows in the present study. The longer interval in  the H 

cows reflected their lower conception rates to first service .  The resu lts 

in the present study agree with those reported by Garcia-Muniz, ( 1 998) 

H cows ( 1 7  days) and L cows ( 1 3  days) (Table 3-9 ) . Also similar values 

were reported by Grosshans et al., ( 1 997)  and  Macmil lan & Clayton ,  

( 1 980) 1 3  days and 1 1  d ays respectively. 

The first service to conception interval depends on the abi l ity to 

conceive and maintain pregnancy after a given service, and on the 

continuation of ovarian cycles and the correct detection of oestrus in 

those cows, which do not conceive to in itia l  services ( Peters & Bal l ,  

1 987) . A short FSC and CC are essential to maintain a concentrated 

ca lving pattern and a calving interval of 365 days in seasonal dairy 

herds ( Grosshans et. al. , 1 997) . 

I ntervals between calving 

For the estimation of ca lving interval in  this study, calving dates for the 

m ultiparous cows were used on ly .  The H cows had longer calving 

interval than the L cows (368 days and 365 days respectively) 

reflecting a higher i ncidence of inductions .  However the resu lts in  the 

present study show a compact calv ing pattern compared that 

reported by Garcia-Muniz, ( 1 998) . Nevertheless, there were no 

differences between the two strains. 
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Macmi l lan e t  al., ( 1 984) suggested that a more concentrated calving 

pattern should result  in a higher submission rate and a higher 

conception rate s imply because of a longer interva l from calving to 

the next mating season .  

The role of live weight in  reproductive performance 

There can be no doubt that  genetic improvement has  indeed resu lted 

in significant production and profit gains .  However, the chal lenge is to 

keep that genetic potential but at the same time minimize the risk of 

negative effects on reproductive performance (Verkerk, 2000°) . 

S ince 1 989 studies were in itiated at Massey U niversity in order to 

va l idate the efficiency component of the breeding worth index of 

genetic merit . The two herd l ines have been bred using sires with 

d ifferent breeding values for l ive weight .  The sires used for the heavy 

l ine had a higher proportion of USA genetic background, which by 

1 999  contained 28% of overseas Holstein-Friesian genes compared to 

on ly 9% for the L cows. Heifers from the heavy l ine reached puberty 25 

days later than those from the light l ine.  Submission rates to AI were 

simi lar, but the conception rate to first service was 54% for the H cows 

compared to 65% in the L cows, which resu lted in a different 

preg nancy rate after 4 weeks of breeding of 58% a nd 70% for the H 

a n d  L cows respectively (Holmes et a l . , 1 999) . Table 3- 1 0  shows some 

variables of lactation performance, l ive weight and body condition 

score for heifers .  
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Table 3- 1 0. Comparative performance of Holstein- Friesian cows bred for heavy (H) 
and light ( L) live weights at Massey University (from Garcia Muiiiz et al., 1 998; 

Holmes, et al., 1 999) 

Heavy Light 

Live weight (kg) : 

At birth ( kg) 40.7* 34.7* 
At first calving 4 1 1 * 386* 

Onset at puberty: 

Age (days) 325* 300* 
Live weight (kg) 24 1 220 
% cycling at 1 2  months 83* 94* 

First lactation :  

Mi l k  sol ids (kg) 278 277 
Production efficiency (g MS/kg DM) 1 35 1 34 
Calving to ovulation interval 28* 32* 
Submission rate 2 1  days (%) 9 1  93 
Conception rate to 1 st service (%) 54* 65* 

*Significant difference ( P<0.05) 

Reproductive performance 

For many decades there has been a concern that reproductive 

performance in the New Zea land dairy herd is decl in ing . Analysis of 

the national database showed that the overal l  2 1 -day submission rate 

(SR )  decreased from 93.5% to 82. 1 %  (from 1 973 to 1 996) , a rate of 

decrease of 0 .5% per annum,  with an increase in the percentages of 

a noestrous cows in the herd , which became the major reproductive 

problem experienced in New Zealand ( Ho lmes, 1 999; Verkerk, 2000°) .  

Undoubted ly, mi l k  production levels have increased as a resu l t  of 

genetic improvem ent so that feed req uirements of cows in early 

lactation have a lso increased . S ince anoestrus is largely a 

consequence of fai lure to fu l ly feed c ows, this is l ikely to be a 

contributing factor. Also average herd sizes have increased which 

might contribute to less effective detectio n  of heat and consequently 

to less effective breeding.  Therefore the reduced ferti l ity of h igh 

genetic merit c ows has been recognised world wide, and ferti l ity i s  

now being included in the genetic index of severa l countries (Ho lmes, 
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1 999 ) . Some evidence of the reproductive performance is presented 

in Table 3- 1 1 .  For instance conception rates have decreased by about 

3% units per 1 0 years in USA, 6% units per 1 0  years in  I re land, both in 

association with increased use of high genetic m erit cows with high 

increases in mi lk yield and protein .  

Table 3- 1 1 .  Evidence of reproductive performance in different countries 

Country Year 
Holstein-

Jersey Source 
Friesian 

48-day non-return rate (%) 
NZ 1 989 69 69 Burton & Harris, ( 1 999) 

NZ 1 998 67 68 Burton & Harris, ( 1 999) 

Submission rate (%) 
NZ 1 973 94 94 Verkerk, (2000°) 

NZ 1 996 82 89 Verkerk, (2000°) 

Conception rate 1 st service (%) 
USA 1 960 5 1  Lamming et al . ,  ( 1 998) 

USA 1 980 46 Lamming et al., ( 1 998) 

USA 1 995 40 Lamming et al . ,  ( 1 998) 

IRELAN D 1 99 1  53 O ' Farrell & Crilly, ( 1 998) 

IRELAN D 1 996 49 O ' Farrel l  & Crilly, ( 1 998) 

Recent studies by Kolver et al. ,  (2000) , have been evaluating the 
performance of Holstein-Friesian ( H F) cows with either 1 00% overseas 

(OS )  a ncestry or with less than 1 2 .5% overseas genes (New Zealand 

selection l ines) fed either tota l mixed ration (TMR) or  on h igh qual ity 

pasture at a generous a l lowance (>60 kg DM/cow/day) . I n  this trial  

there were on ly a smal l  number of animals inc l uding 2 a nd 3 year  olds.  

However ca lving dates were earlier in  the NZ HF cows, a carry over 

effect of an unfavourable reproductive performance by the OS stra in 

in  the previous season .  The reproductive performance of the OS stra in  

differed from that  of the NZ a nimals, with a trend to longer postpartum 

anoestrous intervals ,  for the pasture fed cows. Poor ferti l i ty reflects 
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reports from overseas studies in which repeat breeding is a common 

reported problem, a nd wou ld appear to  be compounded by factors 

related to the grass based diet, even though  pasture' was fed at a 

generous  al lowance .  Al l  these differences cou ld be associated with 

the inabi l ity of the OS strain a nimals on pasture to maintain energy 

balance and body condition score. 

presented in Table 3- 1 2 . 

Data from the study are 

Table 3- 1 2. Reproductive performance of 2 and 3 year old cows during the 
1 999/2000 lactation. (Extracted from Verkerk et al., 2000b) 

NZ os Significance 

Reproductive performance: Grass TMR G rass TMR Grass TMR 

Mean C alving date 24 July 29 Ju ly 1 9  Aug 10 Aug 0.05 NS 

Postpartum anoestrus interva l (days) 39 (6)  29 (4)  27 (6) 23 (2) NS 0.07 

Calving to conception interval 74 (5) 72 (5) 6 6  (6) 70 (8) NS NS 

Proportion empty after 1 3  week 
1 / 1 4  2/ 1 4  5/ 1 3  3/ 1 4  0.08 NS 

breeding period 

The proportion of OS H F  genes in the NZ dairy herd has increased from 

0. 7% i n  1 980 to 38% in 1 998. Harris & Win kelman, (2000) studied the 

inf luence of OS HF genetics on  NZ dairy cattle.  This study involved 

49 .6% HF, 22.8% Jersey and 27.6% H F-Jersey cross cows . The 

reproductive performance of the predominantly OS HF  group was 

significantly poorer  than that of other breed groups, with particu lar 

concern a bout the lower conception percentage (60.3%) to AI  

resu lting in a s ign ificant negative deviation of - 1 0 . 1 %  for the OS HF in 

contrast to the NZ HF  group's deviation of + 1 . 1 % above average.  
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The decrease in the 2 1  days submission rate in  New Zealand dairy 

herds may be due in large part to underfeeding in early lactatio n  that 

has  occurred and despite the increased use of C IDRs and induct ions,  

i n  the last decades, in  order to maintain a compact calv ing pattern . 

Therefore, this problem wi l l have been accentuated by increased high 

genetic merit cows in the New Zea land herd, contributing to increases 

i n  the  cow's energy demand and also increases in stocking rates.  I n  

tu rn i t  could be  the  reasons for decreasing conception rate, bu t  also 

the fact that more cows wi l l  n ow have to be mated at  their first post 

partum heat subsequently expecting low conception rates . 

The h igh empty rate could be reduced by increas ing the use of 

i nductions and C IDRs  i n  order to maintain a compact calving pattern, 

which is required in  the New Zealand pastora l based dairy system.  

These wi l l  help to  achieve g ood ferti l ity for the New Zealand conditions 

i ncreas ing the proportion of 3 weeks submission rates, a nd conception 

rated, while also maintain ing a lower proportion of empty cows with 

o bvious less  returns rates . 
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