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ABSTRACT 

The aim of this thesis was to find ways of using the genetic information available about 

the cows to assist in improving the management of the herd and replacements. In 

particular models were developed which used Estimated Breeding Values to determine 

the feed demand of the cow and target liveweights for replacement heifers. The 

relationships between estimated breeding values (EBV) and cow performance at a 

range of feeding levels, and the effect of genetic merit on the partitioning of feed to milk 

or liveweight gain throughout the lactation, were also investigated. 

At low levels of feeding, the absolute differences in milk yield between cows 

corresponded to the absolute differences in breeding values between cows. However, at 

high levels of feeding the difference in milk yields between genetic groups are greater 

than the difference in breeding values. This constitutes a form of genotype x 

environment interaction ,  which has important practical and economic implications for 

dairy farms, and for the expected value of genetic improvements. 

High genetic merit (HGM) cows partitioned a significantly higher proportion of 

metabolisable energy intake into milk than low genetic merit (LGM) cows in early (o.68 

vs 0.62),  peak (0.59 vs 0.57), mid (0.58 vs 0.56) and late lactation (0.53 vs 0.51) (HGM 

vs LGM respectively) . In early lactation, HGM cows utilised more body reserves for 

milk production ( -0.06 vs -0.004, for HGM and LGM, respectively) . In addition,  HGM 

and LGM cows appeared to compensate for low intakes in early lactation by reducing 

the level of MEI partitioned to milk, which probably prevented excessive weight losses. 

These results with grazing cows confirm published data with cows fed on other rations. 

Results from a grazing experiment, with 5 separate farmlets at 5 different stocking 

rates, were used to provide genetic information and performance per cow of a 

"calibration" herd corresponding to maximum profitability per farm (max EFS) .  The 

genetic and performance information for the calibration herd was then used to predict 

the performance of other cows or herds based on the difference in EBV for liveweight 

and milksolids. From these predicted values for liveweight and milksolids the "Genetic 

Feed Demand" (GFD) of the herd was calculated at max EFS. The GFD can then be 

used to adapt and improve the Comparative Stocking Rate (CSR) equation by replacing 

kg liveweightfha with total GFD. Optimum values for the new CSR of 0.7 to 0.8 are 

proposed. This simple adjustment using genetic values provides a better estimate of the 
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feed demand of the herd. From this an appropriate number of cows for the specified 

feed supply can be determined 

Another model was developed to use the l iveweight EBV to formulate a set of liveweight 

targets for individual heifers of any breeds at different ages throughout the first two 

years of their life. Feeding regimes for the heifers were also proposed. A heifer herd 

management report was outlined that could be used by farmers and graziers to focus 

special attention on those individual heifers which were significantly lighter or heavier 

than their target weights for age. 

In conclusion, greater use should be made of genetic information of individual cows 

and herds when designing and managing dairy farm systems. Genetic values can be 

used in a number of ways to ensure cows or heifers are fed more appropriately so they 

achieve levels of performance, which are closer to their pre-determined genetic 

potential. Genetic information should also be included in tools that are used to model 

the management of dairy farm systems, as this will improve the accuracy of prediction .  
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Thi s  chapter presents a brief overview of the topics that are important i n  New Zeal and 

dairy product ion systems and the objecti ves of this thes is .  The system for the production 

of m i l k ,  the effects of stocking rate, and genetic improvement, and the method of dairy 

cattle gen etic evaluation with in  New Zealand are di scussed . More detai led i n troductions 

re lat i n g  to each of the areas studied are given at the start of each chapter. 

Introduction to New Zealand dairy systems 

New Zealand ' s  dairyi ng system is based on a diet cons ist ing mainly of grazed pasture, 

grown under temperate c l imatic condit ions .  Successful dairy systems in NZ grow l arge 

amoun ts of pasture and effic iently convert the pasture i nto m i l k  and profit (Kolver, 

200 1 ). The system for the production of m i l k  is dist inctly seasonal , wi th  the maj ori ty of 

herds cal v ing  from Ju ly to September (early spri ng) and herds are general l y  d ri ed off 

from M ay-June ( late autumn to early winter), resu l t ing in short l actation lengths of 224-

268 days (Livestock Improvement, 200 I ) . An increasing number of herds a re now using 

supplements such as maize sil age, and feed by-products . However, these supplements 

(20 to 50 cents per kg DM) are more expensi ve than the cost of pasture ( I  0- 1 5  cents per 

kg DM) .  

By w orld standards, New Zealand cows achieve low mi lk  yields of around 3 1 0 kg 

MS/ cow (Zwald, et al., 200 I; Li vestock Improvement, 200 I ) . However, New Zeal and 

Holste i n-Friesian cows are capable of ach iev ing yields of in excess of 600 kg MS per 

lac tat ion when offered total mi xed rat ion diets (Kolver et al., 2002) ,  and about 5 %  of al l 

commercia l  herds average more than 400 kg MS/ cow (Livestock Improvement, 200 I ) . 

Bu t, aspects of pasture avai labi l i ty and qual i ty such as i ts bul k iness and low energy 

concentrat ion, prevent the attainment of h igh m i l k  yields per cow i n  grazing systems 

(Waghorn,  2002;  Burke,  et al., 2002) .  

Every year approximately 20% of the herd i s  replaced with two year-ol d  he ifers 

generated from females withi n the herd, or sourced from other herds .  The cost o f  reari ng 

these dairy rep lacements is a s ign ificant expense within the dai ry system. I t  i s  i mportant 

that replacements he ifers reach their target l i veweights to increase the probabi l i ty that 

they w i l l  a l l  become pregnant at I 5 months (Holmes et al., 2002) .  The i r  m i lk yield in 
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first l actat ion i s  also affected by their  l i veweight and body condi t ion  at ca l v i ng,  both of 

wh ich  are determi ned by their feeding s i nce b i rt h  (Penno, 1 998) 

Interactions between feed supply, and feed demand in pastoral 

systems 

In New Zeal and,  the stocking rate, wh ich  is a general term to describe the number of 

animals  per un i t  area of land (Penno, 1 999), u l t imate ly governs the amount of herbage 

avai l able per cow on a particular farm throughout the year. Increas i n g  the stock ing rate 

from a low to moderate level leads to i ncreased feed demand per hectare, and i ncreased 

pasture ut i l i sat ion (harvesting effic iency),  however, there is usual l y  an accompanied 

reduct ion i n  m i l k  y ie ld  per cow due to lower pasture in takes per cow. This is 

compensated for by the greater harvesting  effic iency of the pasture and h igher pasture 

i ntakes/ha, u l t imately l eading to higher m i l k  production per hectare and profi t  at h igher 

stock ing  rates (Whi te, 1 987).  

Very high stock ing rates can resu l t  in reduced pasture growth rates ,  and u nderfeeding 

due to i ntense graz ing and pugging.  At very high stocking rates, d ietary energy is 

wasted because a large proport ion i s  used to maintain the cows (Holmes et al., 2002). 

Therefore, the c hoice of stocking rate shou l d  optim ise farm profi tabi l i ty by ba lancing 

the two m ajor components I) generous feeding to achieve h igh levels  of effi c iency of 

m i l k  production per cow and 2) underfeeding  to ensure h igh level s of pasture u t i l i sation 

per hectare ( Penno, 1 999) .  

Genetic improvement and its effect on performance and productivity 

of the dairy system 

The genet i c  improvement of dairy cows has had a s ignificant effect on the whole dairy 

system .  M i l k  product ion per cow has increased from 237 kgMS/cow i n  1 97017 1 to 307 

kgMS/cow in 2000/0 1 (Livestock Improvement, 200 1 ), an increase of nearl y I %  per 

year over th i s  period . Whi lst improved heal th ,  feed ing and mi l k ing methods can account 

for some of the increases in  product ion per cow, the effect of genet ic  i mp rovement has 

contri buted a l arge proportion of the i ncrease (Holmes et al. , 2002). A consequence of 
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the increase i n  m i l k  yie ld per cow i s  an increase i n  feed demand per cow over the same 

period. Increases in pasture growth ,  supplement use, and improved farm pract ices have 

a l lowed the stocking rate to increase to a smal l extent despi te the s imul taneous increases 

in feed demand per cow. 

Many experiments in different countries have proved that high genetic merit  (HGM) 

cows produce s ignificant ly  more m i l ksol ids than cows of lower merit status ,  as a resul t  

of selection for h igh mi lk production (Mayne, 1998). However, there are probabl y no 

l arge genet ic  differences among cows i n  their abi l ity to digest or metabo l i se a given 

feed at a constant level of feed ing (Veerkamp, 1 998) . The higher m i l k  yie lds of HGM 

an i mals  are a consequence of their greater abi l i ty to part it ion ME intake to m i l k  output 

rather than ti ssue gain ,  coupled with the i r  higher in takes (Di l l  on and Buck ley 200 I ;  

Gm·don et al., 1 995 ; Fen·is et ol., 1998). As a resu l t  of th is  greater part i t ioni n g  i n  HGM 

cows, a number of studies have found that HGM cows achieve l arger m i l k  production 

responses to increases in feeding  level than LGM cows - a type of gen otype by 

envi ronment interaction (Fu lkerson,  et al., 2000; Kennedy, et al., 2002 ; Fen· is  et al., 

1 998) .  

Genetic Evaluation 

The An i mal Evaluation Unit  of the Livestock Improvement Corporation are responsible 

for the genetic evaluat ion of dairy cows i n  New Zealand . The New Zeal and Industry 

Breeding  Object i ve is: ' identify ing  animals which are the most effic ient  converters of 

feed i nto profi t '  (Livestock Improvement, 1 996) . S ix  economical l y  important trai ts are 

measured;  m i l k  yield,  fat y ie ld ,  protei n  y ie ld ,  l i veweight, surv i val and ferti l i ty. 

Estim ated breeding values (EBV) for each of these trai ts are est imated for each an imal 

from ind iv idual ,  ancestral and progeny records (GmTick et al., 1996) .  Each of the EBVs 

for the an i mal , are reported re l at i ve to values for genetic  base cows, and EBVs can be 

compared across different breeds of cows. The New Zeal and genetic base 

(approximate ly  30,000 animals) represents the average evalu at ion of a l l  1985 born 

cows,  measured for mi l kfat, protein ,  mi l k  and 1 7  trai ts other than production ,  the EBVs 

for these animals  are set to the base value of 0 (Livestock Improvement,  1996) . The 

overal l merit (or breeding worth)  of animals i s  then calculated by accum u l at ing the 
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econom1c effects of a l l  tra i ts in  the objecti ve, i n  other words, the cows stre ngths, 

d i scounted for any weaknesses (Holmes et al., 2002). The Breedi n g  Worth, w h ich i s  

reported relat i ve to  the base animals , is  an  esti mate of  net income ( gross i ncome - costs) 

per 4 . 5  t DM eaten . 

OBJECTIVES 

The general objective of th is  thes i s  was to fi nd  ways of using the cons iderable  genetic 

i nformation now avai lable about the cows to assist in improving the m anagement of the 

herd and rep l acements. The thes i s  w i l l  i l l ustrate how the geneti c  values - specifical ly 

EBVs - can be used to predict cow performance, to develop opt imum target l evel s  of 

performance and determi ne the feed demands of the cows and heifers required to 

ach ieve these targets . 

Chapter 2 investigates if genotype x env i ronment interactions are l i ke ly  to be i mportant 

across the range of feed ing  leve l s  and genetic values which ex is t  w i th in  New Zealand 

herds ,  and whether the m i l k  production responses to an i ncrease i n  feeding  levels are 

h igher i n  HGM cows than LGM cows. 

In Chapter 3, the energy part it ion ing by Jersey cows of ei ther HGM and LGM was 

studied to quantify the d ifferences between ani m als of differ ing genetic meri t for m i l k  

production . The effect of  the level of feeding  (or stocking rate) on  the amount of energy 

part i t ioned to lactation or l iveweight gain in each genet ic  meri t group was al so 

exam i ned. 

I n  Chapter 4, a method was devised w here genetic i nformat ion (spec ifical l y  the EBVs) 

can be used to determine the feed demand of the dairy cow at an economical l y  optimum 

level  of performance per cow. This  i nformat ion can then be u sed to i dentify the number 

of cows requ i red for max EFS from a speci fied feed supp ly  (or i n  other words to 

determine the best stock ing rate). 

Chapter 5 out l i nes a method whereby EBV for l i veweight can be used to determine 

target l i veweights of ind iv idual heifers of any breed. Ach ievement  of these targets 
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should ensure h igh  reproductive performance, and maximise production as 2 year olds ,  

and subsequent l y  as mature animals .  

Chapter 6 presents an  overview of  al l  the resu l ts ,  and  the i r  impl icat ions are d i scussed. 
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ABSTRACT 

Lactation yields and est imated breeding values (EBVs)  for prote in ,  fat and m i l k  were 

obtained for ind iv idual cows in a farmlet tri al carried out at Dexcel i n  Ham i l ton ,  us ing 

H olstein-Friesian cows, to test for the exi stence of  a genotype by env i ronment 

in teraction across the range of feeding leve ls ,  and EBVs typically found on New 

Zeal and pasture-based dairy farms .  At very low levels of feeding, w i th yields of 267 -

307 kg m i lksol ids per cow (kg MS/cow), regression coeffi cients of lactat ion y ield on 

EBVs were not s ign ificantly different from the expected value of I .  At h igh l evels of 

feedi ng,  with yields of 383 - 411 kg MS/cow, most of the regress ion  coeffi c ients  for 

y ie lds of prote in ,  fat and milk on EBVs were s ign ificant ly greater than I .  The resu l ts of 

th i s  study show that at low level s  of feeding  the actual differences in production 

between cows, which d iffer in EBVs correspond to the actual d i fferences i n  EBVs, 

whereas at high levels of feeding the d ifference i n  m ilk yields between geneti c  groups 

are greater than the d ifference in EBVs.  Th is  consti tutes a form of genotype x 

en v i ronment i n teract ion, in which genotype i s  measured as breedi ng values, and has 

i mportant practical  and economic impl icat ions for dairy farms, and for the e xpected 

va lue of genetic i mprovements. 

Keywords: genotype; environment; i nteract ion ;  Holstein-Fries ian ; pasture-based; 

breed ing values;  genetic merit. 
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INTRODUCTION 

Wide ranges of cow genotypes and feeding systems are now being used on New 

Zealand dai ry farms .  For example, breeds of cows i nclude Holstein-Fries i an (HF) 

(56%), HF/Jersey (J) cross (21%), J (15%), Ayrshire (1%) and others (7%) which 

i nclude milking shorthorn, Guernsey and Brown Swiss (Livestock Improvement,  200 I ) . 

There has also been an i ncrease in  the use of overseas genet ics,  so that by 1998, 38% 

and 9% of the genetic composit ion of HF and J cows respect i vely, was of overseas 

ori g i n  (Harri s & Winkelman , 2000) . Overseas animals are selected under i ntensi ve, 

h igh- input feed systems, many of w hich i nvolve l im i ted access to pasture (Mayne, 

1998). This  is  very d i fferent from New Zealand,  where animals are selected based on 

perfo rmance in pasture-based systems.  A s ignificant number of da iry farmers have 

changed from tradit ional low-input systems to h igh-i nput systems ,  resulti ng i n  large 

d i fferences i n  feed intakes and m ilk yields per cow across the range of production 

systems .  Therefore, it i s  important to determine i f  the phenotypic superiority of  h igh 

genet ic  merit (HGM) cows is i ncreased at h igher levels of feeding ,  which would be a 

form of genotype x environment i nteraction (GxE) . 

G x E in teract ions can take two forms ;  ( I )  a scal ing effect  across e n v i ronments or  (2) a 

change in  the actual ranking of s ires or genotypes across environments (Cromie  et al., 

1998). A number of investigators h ave found scal ing effects across env i ronments .  For 

example, in an Australi an study, it was observed that, at low concentrate intakes ,  the 

d ifference in yield between two genetically d ifferent groups of cows was only h alf of 

what was predicted by the difference in est imated breeding values (EBVs) .  B ut, at 

med ium and h igh intakes of concen trates, the d ifferences in yields closely matched the 

d i fferences i n  EBVs (Fulkerson et al., 2000). S imilarly, Veerkamp et al. ( 1994) in  

S cotland, observed that for every 1-kg i ncrease i n  predicted transmi tt ing ability (PTA) 

for m ilksolids (MS),  milk yield increased by 18 kg and 47 kg for an imals fed low and 

h igh  levels of concentrates, respecti vely. These two studies represented s ign i ficant 

scali ng effects across environments .  

A n  example of re-rank ing of genotypes across env i ronments was observed in a trial 

carried out i n  New Zealand by Kolver et al. (2002) .  In th is  trial, New Zealand H F  had 
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sl igh t l y  h igher l actation yields than overseas H F  on a fully-fed pasture-based system 

(465 vs 459 kg MS/cow, respectively) .  However, on a total m ixed ration s ystem the 

overseas HF had s ign ifican tly h igher lactation yields than New Zealand HF (720 & 602 

kg MS/cow, respecti vely) .  

In  contrast, several I r i sh  studies could  not  fi nd s ign ificant G x E in teract ions (Buckley et 

al., 2000; G01·don et al., 1995; O'Connel l et al. ,  2000). However, the authors observed 

that l ack of defi n i te Gx E interactions in an imal tri als may have been due to the small 

d i fferences between genotypes and/or feeding  systems,  short trial durat ion and small 

n u mbers of cows. 

The objective of the present study was to determi ne if there are i n teract ions between 

genotype and feeding level across the range of feeding levels ,  and EBVs typical l y  found 

on New Zealand pasture-based dai ry farms .  

MATERIALS AND METHODS 

Lactation yields were obtained for i nd iv idual cows at Dexcel ,  m H am i l ton (seasons 

1999/2000 and 2000/200 I )  us ing m ixed-age HF cows (Macdonald et al. , 200 I ) . Live 

weights and EBVs for fat, protein ,  m ilk and l i veweight (Lwt) for i nd i v idual cows were 

obta ined at the start of the trial. There were 25-33 cows in each of the four feedi n g  level 

groups, with stocking rates of 2.2 cows/ha ( 1100 kg Lwt/ha), 2.7 cows/ha ( 1350 kg 

Lwt/ha), 3.2 cows/ha ( 1600 kg Lwt/ha), and 3.7 cows/ha ( 1850 kg Lwt/ha), 

respecti vely. The system was pasture-based, w i th no imported feed.  EBVs for fat, 

prote in ,  milk and Lwt were 28.8, 26.5, 800 and 52.5 kg, respecti vely. 

STATISTICAL ANALYSIS 

The data set was analysed us ing the PROC M IXED procedure of SAS (200 I). For each 

vari able studied, the model i ncluded the effects of age, feeding level ,  experimental year, 

the in teract ion between feeding level and experimental year, and the eo-variables 

calv ing  day after the herd's commencement of cal v i ng and the EBV nested i n  each 

feed ing level and experi mental year. The regression coeffic ients of adjusted phen otypic  
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observations on EB Vs were tested to see if they departed from the theoretical v alue of I. 

Mi lkso l ids yields (adj usted for the model effects) were al so analysed by regress ion 

against  m i l ksol ids EBYs,  to test for significant d i fferences between the h ighest and 

lowest feeding levels. 

RESULTS 

The stocking rates used resulted in d ifferent feed intakes i n  each treatment.  The feed 

in takes for the Hol stei n-Friesian cows were 5060, 4647, 4373 , and 40 1 4  kg 

DM/cow/year for the h igh ,  medium,  low and very low feeding levels, respecti vely based 

on the di fferences between pre and post grazing herbage mass throughout the two years 

of the  trial (Macdonald et al., 200 I). 

Table 2.1: Lactation yields for milk, fat, protein and milksolids of Holstein Friesian 

cows at  four different levels of  feeding 

Level of feeding 
(stocking rate) 
Season (1999/2000) 

Mi l k  (kg/cow) 
Fat (kg/cow) 
Prote in  (kg/cow) 
Days in Mi lk  
Mi l ksol ids (kg/cow) 
M i l ksol ids EBV (kg) 

Range 
Season (2000/2001) 

Mi l k  (kg/cow) 
Fat (kg/cow) 
Prote in  (kg/cow) 
Days in M ilk 
Mi l ksolids (kg/cow) 
Mi lksolids EBV (kg) 

Range 

High 
(2.2 cows/ha) 

4682 ± 8 8.2" 

215 ± 4.1" 

168±2.9" 

291±2.8" 

383±6.9" 

56± 2.3 ab 

33 to 78 

4976 ± 107.2" 

235 ± 4.8 a 

177±3.7" 

295 ± 2.6" 

411 ± 8.3" 

57± 2.2" 

33 to 84 

Medium Low Very Low 
(2. 7 cows/ha) (3.2 cows/ha) (3.7 cows/ha) 

4078 ± 86.0 b 3647 ± 89.3" 3314±85.0° 

188 ± 4.2 b 169 ± 4.1 c 152 ± 3.9° 

144 ± 2.8 b 128 ± 2.9 c I 15 ± 2.8 o 

278 ± 2.7h 244 ± 2.8 c 233 ± 2.6° 

332 ± 6.8 b 297 ± 6.8 c 267 ± 6.6 d 

59± 2.3"h 54± 2.3" 54± 2.2" 
37 to 87 22 to 74 30 to 78 

4471 ±99.2b 4071 ± 86.0" 3787±97.0 ° 

206 ± 4.5 b 193 ± 5.2 b 176 ± 4.5 c 

157±3.4b 143±3.8" 131 ± 3.4 ° 

280 ± 2.4 b 271 ± 2.8 c 250 ± 2.4 d 

363±7.9h 336 ± 8.9 c 307±7.7 ° 

58± 2.1" SS± 2.3 a 57± 2.0" 
37 to 87 31 to 74 38 to 78 

Least squares means of  l actation yields for fat, protein and m i l k, and E B V  for 

m i l ksol ids at each feedi ng level are presented i n  Tables 2 .1 .  As expected, m i lkso l ids 

y ie lds per cow were h ig hest at the h igh feeding l evel (383 and 4 I I kg MS/ cow, for the 

99100 and 00/0 I seasons ,  respect ive ly), and were lowest at the very low feed ing  l evel 

(267 and 307kg MS/cow, respectively). The l actat ion yie lds at the very low feeding 
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l evel are sl ightl y lower than the average production i n  New Zealand of 3 1 0 k g  M S  per 

cow (Livestock Improvement, 200 1 ) . The differences in milksol ids yield per cow 

between feeding level groups were al l s ign i ficant .  The least squares means of m i lksol ids 

EBY s  and the ranges were n ot di fferent between each feeding-level group.  

Table 2.2: Regression coefficients of lactation yields for milk, protein, fat and 

milksolids, on respective estimated breeding values (EBV) at four different levels of 

feeding 

Season 1999/2000 2000/2001 
High Feeding Level 

M ilk yield/M i l k  EBV 1 . 86 ± 0.330* 2 .0 I ± 0 .343* 
Protei n  y ield/Protei n  EBV 2.17±0.472* 2 . 1 5  ± 0.532* 
Fat yield/Fat EBV 1 .91 ± 0 .589 2 .59 ± 0.64 1 * 
M i l ksol ids y ie ld/M ilksol ids EBV 2 .00 ± 0 .555 2 .40 ± 0.6 1 6* 

Medium Feeding Level 
M ilk yield/M i l k  EBV 1 .71 ± 0.454 1 .94 ± 0.430* 
Protein  yie ld/Protei n  EBV 1 .64 ± 0 .524 1 .70 ± 0.579 
Fat y ield/Fat EBV 0.92 ± 0 .630 0 .97 ± 0 .678 
M i l ksol ids y ield/M ilksol ids EBV 1 .08 ± 0 .630 1 .08±0.7 1 6  

Low Feeding Level 
M ilk yield/Milk EBV 0.86 ± 0 .457 1.49 ± 0.546 
Protein y ield/Prote i n  EBV 0.59 ± 0.426 1 .35 ± 0.633 
Fat y ield/Fat EBV 0.92 ± 0.524 2 . 1 9±0.780 
M ilksol ids y ield/M i l ksol ids EBV 0.73 ± 0 .485 1.70 ± 0.748 

Very Low Feeding Level 
M ilk yield/M ilk EBV 0 .89 ± 0 .428 1.78 ± 0.425 
Protein  yie ld/Protein EBV 0.77 ± 0.573 1.51 ± 0.596 
Fat y ield/Fat EBV 1 .48 ± 0 .495 1.64 ± 0.733 
M ilksolids y ie ld/M i l ksol ids  EBV 1 .07 ± 0.578 1 .53 ± 0.750 

*s ign i ficant ly d ifferent to t he theoretical value of I (P<0.05) 

The regress ion coefficients for the re l ation between adj usted lactat ion yie lds for prote in ,  

fat and  mi l k  and the respective EBVs for prote in ,  fat and mi lk ,  are presented in Table 

2 . 2 .  At the high feeding l evel , most of the regression coeffic ients were s ign ifi cantl y 

greater than I. At the medium, low and very low feedi n g  levels most of  the estimates of 

the regression coeffic ient of yields on the respect i ve EBVs, were not s igni fi cant l y 

d i fferent from the expected value of I .  
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FIGURE 2.1: Regression of milksolids yield on milksolids estimated breeding value 

(EBV), at high (--) and very low (- - - -) feeding levels of Holstein-Friesian cows for 

the 1999/2000 season. 
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The resu l t  for the regression of adjusted mi lksol ids y ields on mi l ksol i ds EBV s  at the 

two ex treme feed ing level s, high and very low, for the 1 999/2000 season is presented  in  

Figure 2 . 1 .  At the very low feeding level ,  the regression coefficient of mi lksol id s  yi elds 

on  mi lksol ids EBVs was 1.07, and at the high feedi n g  level , the regression coeffi c ient 

was 2 .00, but is not s ign ificantly di fferent from I .  The data for the 2000/200 I season 

a lso shows the same re l ationship with the regression coefficient greater at the h ighest 

feed ing level (2 .40 which is s ignificant ly  d ifferent to I), than at the lowest feedi n g  l evel 

( 1 .5 3  which i s  not s ign i ficant ly different to 1 ;  Table  2 .2) .  The d i fferences between the 

regression coeffic i ents of each group for each season were not s ign i ficant ly  d i fferent 

due to the smal l number of cows per group, which ranged from 25-33 cows. Overal l the 

resu lts indicate a GxE i nteraction (or scal i n g  effect )  where increases in mi l k  yie lds 

caused by increases in  feeding level are greater in cows of high genetic meri t than i n  

cows o f  lower genetic meri t .  
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DISCUSSION 

The ev idence for a GxE interaction reported in the current study with grazing cows can 

be compared with the resu l ts of other tria ls .  In Austral ia ,  Ful kerson et al. (2000) found 

that at medium and h igh intakes of concentrates ,  the actual differences in mi l k  y ields 

corresponded to the d ifference predicted from mi lkso l ids  EBVs, w hereas at l ow feeding 

levels  the d i fference in  yields i s  only hal f of what was predicted from EBV d ifferences. 

Cromie et al. ( 1 998), us ing records from commercial herds i n  Ire land ,  observed that bul l  

proofs obtai ned from systems that used h igh levels o f  concentrates ,  over-predicted 

genetic merit for cows managed i n  systems that used lower l evel s  of concentrates,  and a 

s imi l ar conc l us ion was made from the resul ts of an Ir ish experiment (Kennedy et al. ,  

2002) .  In Scotl and, Veerkamp et al. ( 1 994) reported the regression coeffi c ients of 

m i lkso l ids y ie lds on mi lksol i ds PTA at low and h igh concentrate feeding  l eve l s  of 1 .3 5  

a n d  2 . 53  (theory = 2 ) ,  respect ive ly, al though the d ifference was not stati st ical l y  

s i gn i fi cant over a 26-week trial period.  The resu l ts of the present study, along w i th other 

publ i s hed resu l ts ,  show that GxE interactions are present  amongst dairy p roduction 

systems .  H igh feeding levels al low a cow ' s  genetic potenti al to be fu l l y  expressed, 

whereas at l ow feeding leve l s , th is  abi l i ty is compromised ( Kennedy et al. ,  2002) .  

The resu l t s  a l so i l l u strate that HGM cows ach ieve greater responses than low genetic 

merit (LGM) cows when feed intakes per cow are increased. S i m i lar resu l ts were found 

in  New Zeal and by Grainger et  al. ( 1 985) ,  who observed that  HGM cows achieved 

greater responses to an increase i n  feeding l evel (63 vs 50 g extra mi lksol ids per kg DM 

of pasture offered for HGM and LGM, respecti vely) .  In the current study, feed  intakes 

per cow were increased by managing cows under low stocking rates, however, it is also 

poss ib le to i ncrease feed in takes per cow through the use of supplements. For example, 

Fulkerson et al. (2000) found that at medium concentrate i n takes (0.84 t DM/cow), 

HGM and LGM cows achieved responses of I 05 and 86 g MS per kg of extra 

concentrate offered, respecti vel y over the course of the l actat ion .  S imi l arly, Kennedy et 

al. (2002) observed responses of 63 and 72 g MS/ kg DM concentrate, for HGM cows 

changing from low to medi um and from low to h igh l evels  of concentrates, respect i ve ly ,  

whereas the correspond ing values for medi um genet ic  merit cows were l ower, 5 0  and 54 

g MS/kg DM concentrate. The larger responses to extra feed achieved by HGM cows is 
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partl y due to thei r abi l i ty to part i t i on a h igher proportion of their d ietary energy i ntakes 

towards m i l k, and less to l i veweight gain ( see Bryant et al. , 2003) .  These resu l ts have 

important practical impl ications for dairy farmers, as higher respon ses to addit ional 

feeds wou ld  enable the i ncreased and profi table use of a greater range of supplements 

when these are fed to HGM dai ry cows. 

The system for the genetic evaluation of dai ry cattle adj usts for heterogeneous variance 

(Harri s et al., 1 99 6), and this accounts for the scal ing effect described i n  the current 

study .  Each i nd iv i dual cow record is adjusted to provide an accurate represe ntation of 

the genet ic  merit of an an imal across a range of production systems wi th in  New 

Zealand. Consequently, animals with h igh EBYs for mi lk  components w i l l  have the 

same rank ing  re lati ve to other cows i rrespecti ve of the type of system in wh ich  they are 

managed. However, Cromie et al. ( 1 998) i n  Ire l and, found evidence of re-rank ing of 

s i res for m i l k  and p rote in  yield i n  herds with very low yields, and i t  i s  poss ib le  that re­

ranki ng cou l d  occur in New Zealand dai ry systems with either very low or v ery h igh 

feedi ng levels  (Lopez-Y i l l alobos e t  al., 1 994) . 

CONCLUSION 

The EBVs provide a good indication of the expected performance of cows i n  average 

New Zealan d  herds.  At high feeding  l evels ,  greater m i l ksol ids responses are achieved 

than is ind icated by the d i fferences i n  EBVs among an imals  or herds. In add i t ion ,  h igher 

feed ing leve l s  or greater supplement use may be needed to ful l y  exp lo i t  the benefi ts of 

genetic gain wi th in  the herd, although profi tabi l i ty w i l l  sti l l  depend  on the cost of the 

extra feed and the val ue of the extra m i l k .  

REFERENCES 

Buck ley, F., D i l lon,  P . ,  Rath, M . ,  and Yeerkamp, R .F. 2000: The re l at ionsh ip  between 

genetic merit for yie ld and l ive weight,  condit ion score, and energy balance of spring 

ca l v ing Holstein Friesian dairy cows on grass based systems of  m i l k  product ion .  

Journal ofDairy Scir'nce 83: 1 878- 1 886 



Chapter 2 - Genotype by feeding level interaction ---------- 1 7  

Cromie, A .R . ,  Kel leher, D .L. ,  Gordon, F .J . ,  and Rath, M.  1 998 :  Genotype by 

env ironment i nteraction for mi lk  production traits in Hol stein-Fries ian dai ry catt le in 

Ire land .  Proceedings INTERBULL open management, 18- 19 January, Rotorua, New 

Zealand, bul let i n  No 1 8 . INTERBULL, Uppsala, Sweden.  

Fu lkerson , W .  J . ,  Hough, G . ,  Goddard, M. ,  and Davison, T. 2000: The producti v ity of 

Fries ian cows: Effects of genetic meri t and level of concentrate feeding .  Final Report 

DAN-082. Wol longbar Agricul tural Insti tute, NSW, Austral ia .  

G01·don, F.J . ,  Patterson, D.C. ,  Yan, T. ,  Porter, M .  G.,  Mayne, C.S . ,  and Unsworth, E.F.  

1 995 : The i n fl uence of genetic  index for mi lk  production on the response to complete 

d iet feeding  and the uti l i zation of energy and n i trogen . Animal Science 6 1 :  1 99-2 1 0  

Grai nger, C . ,  Davey, A.W.F. ,  and Holmes, C.W. 1 985 :  Performance of Fries ian cows 

with h igh and low breeding indexes. Animal Production 40: 379-388 

Harri s,  B .L. ,  Cl ark, J .M. ,  and Jackson, R .G .  1 996 :  Across breed evaluation of dai ry 

catt le .  Proceedings of the New Zealand Society ofAnimal Production 56: 1 2- 1 5  

Han· is ,  B .L .  and Wi nkelman, A .M.  2000: Influence of North American Hol s te i n  

genetics on dai ry cattle performance i n  New Zealand. Proceedings of the A ustralian 

large herds conference: 1 1 2- 1 36 

Kennedy, J . , D i l l on ,  P . ,  Faverd in, P . ,  Del aby, L . ,  Buckley, F., and Rath, M .  2002: The 

i n fl uence of cow genet ic merit for mi lk  production on response to level  of c oncentrate 

supplementat ion i n  a grass-based system. Animal Science 75: 433-445 

Kolver, E.S . , Roche, J .R . ,  De Yeth, M .J . , Thorne, P.L. ,  and Napper, A.R. 2002: Total 

mixed rat ions versus pasture diets :  Ev idence for a genotype x d iet i n teract ion i n  dairy 

cow performance. Proceedings of the New Zealand Society of Animal Production 62: 

246-25 1 

Livestock Improvement 200 I :  Dairy Stat ist ics 2000-200 I .  Livestock Improvement 

Corporat ion .  Hami l ton, New Zealand .  

Lopez-Y i l l alobos, N. ,  Garrick, D.J  . ,  Han·is, B .L . ,  and B lai r, H .T. 1 994: Account ing for 

scale effects i n  genet ic evaluat ion of dairy catt le .  Proceedings of the New Zealand 



Chapter 2 - Genotype by feeding level interaction ----------

Society ofAnimal Production 54: 275-279 

MacDonald ,  K.A. , Penno, J .W. ,  Nicho las, P .K . ,  Li le,  J . A . ,  Coul ter, M . ,  and Lancaster, 

J .A.S . 200 I :  Farm systems - Impact of stocking rate on dairy farm effi ciency.  

Proceedings of the New Zealand Grasslands Association 63: 223-227 

1 8  

Mayne, S .  1 998 :  Select i ng the correct dairy cow for grazing systems.  Proceedings of the 

Ruakura Farmers ' Co11lerence: 45-49 

O'Connel l ,  J .M . ,  Buckley, F., Rath, M . ,  and Di l lon, P. 2000: The effects of cow genetic 

meri t and feeding treatment on milk production, herbage intake and grazing behaviour 

of dai ry cows.  Irish Jou rnal ofAgricultural Food Research 39: 369-381 

SAS.  200 I :  The SAS system for Windows version 8 .02, SAS Insti tute, Cary, NC, USA. 

Yeerkamp, R.F. , S imm, G. ,  and Oldham, J .D. 1994: Effects of i nteraction between 

genotype and feeding system on m i l k  production, feed i ntake, effi c iency and body 

tissue mobi l ization  in dairy cows.  Livestock Production Science 39: 229-24 1 



Chapter 3 

Effect of genetic merit on the estimated 

partitioning of energy towards milk production or 

live weight gain by Jersey cows grazing on pasture 

J. R. BRYANT, N. LOPEZ-VILLALOBOS, C. W. H O LMES, G. D. 

PITMAN, AND I .  M. BROOKES 

Submitted for publication in 

The Proceedings of the New Zealand S ociety of Animal Production 



Chapter 3 - Energy Partitioning ----------------- 20 

ABSTRACT 

High genetic merit cows general ly part it ion more metabol izable energy ( ME) to mi lk  

and less  to  l i veweight (Lwt) gain . than low genetic meri t animals throughout the 

lac tation . However, these differences have not been quant ified for cows grazing pasture. 

A comprehensi ve data set from the 1 999/2000 season of the Stratford demonstration 

farm stock ing rate tri al was used to estimate ME intakes (MEI) and the amount of ME 

part i t ioned i nto mi l k, maintenance and Lwt changes of high genetic merit  ( H GM) 

(average fat + protei n  breedi ng value of 28 kg) and low genetic merit ( LG M )  J ersey 

cows (average fat + prote in breeding value of 11 kg) from regular measurements of their 

yields of m i l k  and its components, and their Lwt .  Least-square mean yie lds for HGM 

and LGM cows were 327 and 289 kg of m i l ksol ids per cow respecti vel y .  HGM cows 

part i t ioned a s ignificant l y higher proportion of MEI i nto mi lk  than LGM cows i n  early 

(0 .67 vs  0 .63 ;  P<O.O I ) , peak (0.59 vs 0 .57 ;  P<0.05) ,  mid  (0. 58 vs 0 .56 ;  P<O.O I )  and l ate 

l actat ion (0. 54 vs 0 .5 1 ;  P<O.O I )  (HGM vs LGM respectivel y) .  In earl y l actation ,  HGM 

cows uti l i sed more body reserves for mi lk  production (-0.05 vs -0.0 1 ,  for H G M  and 

LGM respecti vely) . These results confi rm that HGM cows partit ion more ME to mi lk  

throughout l actation than LGM animals for a range of feeding l evels  on grazed pasture. 

The greatest d i fference occurred in earl y l actat ion,  result ing in increased body tissue 

loss and a greater negative energy balance i n  HGM cows. 

Keywords: part i t ioni ng;  genetic merit; energy; pasture-based; energy balance;  da i ry 

cows.  
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INTRODUCTION 

HGM dairy cows achieve h igher values for gross efficiency than LGM dai ry cows, 

mai n l y  because they achieve h igher mi l k  yields, have s l i ghtly h igher feed in takes and 

mobi l i se more body reserves (Ful kerson et al. , 2000; Buckley et al. , 2000; Fen·is et al. , 

1 998a) .  The higher gross effic iency occurs despite the apparent  absence of any 

d i fference in partial efficiency of ME use for lactation (Ferr is  et al. , I 998b). 

Consequent ly ,  the higher milk yields of HGM cows are l argel y  attributab le  to greater 

parti t ion i ng  of nutrients i nto mi l k ,  rather than compensatory increases in food i ntake or 

metabol ic  efficiency (Mayne & G01·don, I 995) .  

Cons iderable  effort has been d i rected towards mode l l i ng the  complex biochemical 

pathways that comprise metabol ism at the t issue level . This has improved understanding 

of the factors that influence mi l k  and t issue responses to changes in  energy i ntake 

( Kirk l and  & G01·don, 200 I) . However, there is  a lack of research at the whole an imal 

level  on energy partition ing by cows of different genet ic meri ts when grazing on pasture 

(Saama & Mao, 1 993 ) .  The aim of the present research is to quant ify d i fferences i n  

energy part i t ioned to mi l k  production and l i ve weight change at each stage of  l actation 

by HGM and LGM dairy cows grazing at d ifferent feed level s  ach ieved by d ifferent 

stock ing rates . 

MATERIALS AND METHODS 

The data were derived from a trial usmg Jersey cows carried out at the Stratford 

Demonstrat ion farm from Ju ly  1 998 to May 200 I .  In this study, the data for on l y  the 

1 999/2000 season was used, because the data sets for the other two years were 

incomplete. Cows were a l located to one of four feedin g  leve ls  (achieved by the use of 

four stock ing  rates) ; h igh (2 .5  cows/ha), medi um (3 .2  cows/ha), low (3 .7  cows/ha) or 

very low (4.2 cows/ha) . Little supplement was fed,  and was general l y  h igh qual i ty 

pasture s i l age conserved on the farmlets. Approximatel y  40 animal s were a l l ocated to 

eac h  feeding level  treatment.  Data for the yields of mi lk,  and m i l k  fat and prote in  

concentrat ions were obtained at  two-weekl y  i ntervals for each cow dur ing the 

I 999/2000 season . Indi v idual cow Lwts were measured on seven occasions start ing on 
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the 4111 of September 1 999 and fi n i sh ing on the 3nJ of Apri l 2000. Pasture samples were 

co l lected from paddocks grazed by each treatment group at the t ime of the two-weekly 

herd tests, and the megaj oule metabo l i sable energy (MJME) concentrat ion of the 

consumed pastu re was est imated by NIRS anal ys i s  (Corson et al. ,  1 999) .  

Calculation of estimated individual energy intakes and the proportions of energy 

partitioned lactation, maintenance and Lwt change 

Energy i ntakes for eac h  cow in  the trial were calcu lated at interva ls  of two weeks to 

co inc ide with each herd test, using data for Lwt and change i n  Lwt, m i l k  y ie ld  and 

composi t ion,  and energy concentrat ions of pasture. Indi v idual cow Lwt c hanges were 

est imated from the di fference i n  Lwt between consecutive Lwt measurements around 

the date of the herd test .  The metabol i sable  energy (ME) requirements for l actat ion  (M1), 

maintenance (M111) ,  l i ve weight change (Mg) and metabo l i sable energy i ntake (MEI) 

were calcu lated as out! ined in  the Appendi x .  The requirements for pregnancy were not 

i nc luded as the amounts are negl igible (<2 MJME/day) up un t i l  about 3 -4 months 

before partur i t ion (refer to equation 7 in  the Append ix) .  The proportions of energy 

partit i oned to lactat ion (EP1), maintenance (EP111) , Lwt change (EP g) were ca lcu lated 

usmg:  

EP, = M/ MEI 

EP111 = Mn/ MEI 

EPg = Mgl MEI 

Statistical analysis 

Animals  were d iv ided i nto two groups ; low genetic merit (LGM) wi th  a m i l ksol ids 

est imated breed ing value of <20 kg, and high genetic merit  (HGM) with a m i l kso l ids 

est imated breeding value of >20 kg. Four l actation stages were defined ;  earl y ( <60 days 

in m i l k  (DIM)) ,  peak (60 to 1 20 DIM) ,  m id  ( 1 20 to 1 80 DIM),  and l ate ( 1 80 to 240 

DIM ) .  The cows were grazed at four leve ls  of feeding;  high, m edium,  l ow and very 

low.  Energy parti tioned to lactat ion,  maintenance and Lwt change by ind i v idual  cows i n  

each l actat ion stage was analysed us ing the PROC MIXED procedure of SAS (200 I). 

The model i nc luded the fi xed effects of feeding  level ,  l actation stage, genetic merit, age, 

and the i nteractions between genetic merit, l actation stage and feedi n g  leve l .  Repeated 
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measures for each cow within each feeding l evel were considered. Us ing Akaike's  

i n formation criterion ,  a compound symmetric structure of the res iduals provided the 

best fi t for the data. 

RESULTS AND DISCUSSION 

Least-square means and standard errors of EBVs,  product ion and Lwt data of the two 

genetic groups, are shown in Table 3 . 1 .  The d ifference in estimated breedi ng va lue for 

m i l ksol ids between the groups was 1 7 .6 kg.  Th is  d i fference i s  smal l compared to 

d i fferences found with i n  and between commercia l  herds (Livestock Improvement, 

200 I ) . HGM an imals  h ad s ignificantly (P<O.OO I )  h igher dai ly m i lksol ids (MS)  yie lds 

t han LGM animals throughout lactation, and s ign ificant ly  (P<0.05) h igher total MS 

y i e lds (327 vs 289 kg MS/cow, for HGM and LGM, respectively) .  However, the actual 

d i fference in  MS yie l d  (38  kg) was greater than the difference pred icted by the 

es t imated breeding values for MS ( 1 8  kg) . For further di scussion see Chapter 2. The 

d i fferences in Lwt between the two genetic groups were sign ificant in earl y, m i d  and 

l ate lactation, but not i n  peak lactation, and the actua l  d i fferences in Lwt were s l i ght ly 

greater than the d ifference i n  est imated breeding  values for Lwt between each  genetic 

group. 

Table 3.1: Least square means of daily milksolids yields, estimated breeding value 

(EBV) for milksolids, lactation yield for milksolids, EBV for Lwt, and live weight of  high 

genetic merit (HGM) and low genetic merit (LGM) Jersey cows. 

HGM LGM SED Significance 
Daily milksolids production (kg/cow) 

Early lac tation 1.59 1 .46 0 .026 * * *  

Peak lactat ion 1.48 1 .35 0 .019 * * *  

M i d  lactation 1 .48 1 .32 0 .0 1 7  * * *  

Late Lactation 1 .1 I 0 .98 0 .0 1 8  * * *  

Lactation yields 
M i l ksol ids  EBV (kg/cow) 28.3 10.8 1 .26 * * *  

M i l k  sol ids (kg/cow) 327 288 6.8 * * *  

Lactation length (days) 255 253 3.4 NS 
Lwt (kg/cow) 

Lwt EBV -42 -48 2.1 * *  

Early l ac tation 384 372 5 .9 * 

Peak lactat ion 385 375 5 .5 NS 
M id lactat ion 404 393 5 .2 * 

Late Lactation 4 1 0  396 5 .3  * *  
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Esti mated MEI and the proportions of energy part i tioned to main tenance, lactation and 

Lwt change i n  HGM and LGM cows are presented in Table 3 .2 .  HGM cows part i ti oned 

a s ign i fican t ly  higher proportion of MEI to m i l k  than the LGM cows in early (0.67 vs 

0.63),  peak (0.59 vs 0.57),  mid (0 .58  vs 0.56) and late l actation (0.54 vs 0.5 1 )  (HGM vs 

LGM respect ive ly) .  The proport ions of energy partit ioned to m i l k  were s imi lar to those 

reported by Grainger et al. ( 1 985),  Oldenbroek ( 1 986) and Yan et al. (2002) .  Jersey 

hei fers fed a high-roughage diet partit ioned 8 1 ,  62 and 54% of MEI to m i lk  for 0-9 1 ,  

92- 1 82 and 1 83-273 days of lactation respect i vely,  whi le  the combined Ho l stein­

Fries ian and Dutch Red and White heifer groups partit ioned 67, 53, and 49% of  MEI to 

m i l k  at the same respect ive stages of lactation (Oidenbroek, 1 986).  

Table 3.2: Metabolisable energy intakes (MEI), and prop01tion of energy partitioned 

to lactation (EP1), maintenance (EPm), and live weight change ( EPg) of HGM and LGM 

Jersey cows. 

HGM LGM SED Significance 
Early lactation 

MEI ( MJ/cow/day) 157 1 5 1  2 .7 * 

EP"' 0.38 0 .38  0.008 NS 
EPI 0 .67 0.63 0.0 1 3  * *  

EPg -0.05 -0.0 1 0 .0 1 9  * 

Peak lactation 
MEI (MJ/cow/day) 1 66 1 55 1 .9  * * *  

EP"' 0 .36 0 .38  0.005 * *  

EPI 0.59 0.57 0 .008 * 

EPg 0 .05 0.05 0.0 1 1 NS 
Mid lactation 

MEI (MJ/cow/day) 166 1 52 1 .8 * * *  

EPm 0 .37 0.40 0.005 * * *  

EPI 0.58 0 .56 0.007 * *  

EPg 0.05 0 .04 0 .009 NS 
Late lactation 

MEI (MJ/cow/day) 1 39 1 27 1 .9  * * *  

EPm 0 .46 0 .49 0 .008 * * *  

EPI 0.54 0 .51 0 .009 * *  

EP" 0.00 0.00 0 .013 NS 

There was a s ignificant (P<O.OO I )  reduction i n  the proport ion of MEI part i t ioned i nto 

m i l k  as the l actat ion proceeded i n  both LGM and HGM animals (Table  3 .2) .  Thi s  was 

s im i l ar to resu l ts of calorimetric studies w ith cows fed diets consisting  of  straw, 

concentrates and lucerne (Ki rk! and & G01·don, 2000) or cut pasture (Grainger et al. , 

1 985) .  
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The l argest s ignificant d ifference (P<O.OO J )  i n  EP1 between the genetic meri t  groups 

was measured in earl y l actat ion (0.67 and 0 .63 for HGM and LGM animals, 

respect ive ly ;  Table 3 .2) .  The h igher proportion of MEI parti t ioned to m i l k  at this t ime 

was due to greater mobi l i sat ion of body t issue (EPg) i n  HGM ( -0.05) compared to LGM 

(-0.0 I )  cows. Yan et al. (2002) and Sn ijders et al. (200 I )  also observed that HGM 

an i mals  mobi l i sed sign i ficant ly more body fat in earl y lactation than l ower-genetic­

meri t anim als ,  which had a negative effect on submission and conception rates in the 

tri al  reported by Sn ijders et al. (200 I ) . These resul ts emphasise that selection for high 

m i l k  yie lds has lead to cows which experience a greater negat ive energy balance (NEB) 

in earl y l actation (Knight et al. , 1 999) ,  a difference which may contribute to the lower 

fert i l i ty now exhibi ted i n  New Zealand herds (Hol mes, 200 I ) . 

In th is  study, MEI were estimated us ing Lwt data, m i l k  yields and compos i t ion ,  and 

energy concentrations of pasture, and were not actual measurements of in take and 

energy balance by ind i rect calorimetry. However, Agnew and Yan (2000) have 

demonstrated that the equations used in th is  study can be used to accurate l y  predict the 

ME requ i rements for maintenance, lactat ion and Lwt change in grazing da i ry cows. In 

add itio n ,  the present est imated val ues are genera l ly  consistent with publ i shed measured 

val ues (Oldenbroek, 1 986;  Yan et al . ,  2002) .  The present conclus ion,  that HGM grazing 

cows part i t ion a greater proport ion of d ietary energy to m i lk  than LGM cows, is also 

consi stent with resul ts based on measured feed intakes by non-grazing cows (Grainger 

et al. , 1 985) .  

Over the  whole lactation ,  cows a t  the  highest feeding level part i t ioned a h igher 

proport ion of MEI to m i l k  than cows at the lowest feeding level  (0 .60 vs 0.57, 

respect ive l y) .  In earl y lactation,  HGM cows at the h ighest feedi n g  level  part i tioned a 

s ign ificant ly  h igher proportion of MEI to m i l k  than HGM cows at the l owest feeding 

l evel (0.7 1 vs 0.62 for h igh and very low feeding levels ,  respectivel y ;  Table  3 .3) .  

Likewise,  the d ifference between the  h igh and very l ow feedi n g  leve ls  was  h igh ly  

s ign ifi cant (P<O.OO I )  for the LGM cows i n  earl y l actation (0.68 vs  0.55 ,  respect ively) .  

The same consistent trend was not observed i n  peak or mid lactation i n  e i ther HGM or 

LGM cows. 
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Table 3.3: The proportion of energy partitioned to lactation (EP1) at each feeding level 

of H GM and LGM Jersey cows. 

Level of feeding 
Eady lactation 

HGM 
LGM 

Peak lactation 
HGM 
LGM 

Mid lactation 
HGM 
LGM 

Late lactation 

High 

0.7 1 ±0.01T 
0.68 ± 0.024" 

0.59 ± 0.0 1 1" 
0.58 ± 0.0 1 4"b 

0.57 ± 0.008" 
0.57 ± 0.0 1 1 ab 

Medium 

0.70 ± 0.0 I 5" 
0.67 ± 0.0 1 9" 

0.62 ± 0.0 I I h 

0 .58  ± 0.0 1 2"b 

0 .57 ± 0.008"b 

0 .54 ± 0.009" 

Low 

0.63 ± 0.023b 

0.62 ± 0.0 I 5" 

0.58 ± 0.0 I 5"  
0 .55 ± 0.009b 

0 .58 ± 0.0 1 2"b 

0 .55 ± O.OOT 

Very Low 

0.62± 0.0 1 9b 

0 .55 ± 0.0 17b 

0 .58 ± 0.0 1 1" 
0 .59 ± 0.0 1 1 "  

0 .60 ± 0.009b 

0 .58 ± 0.009b 

HGM 0.53 ± 0.0 I 0" 0 .52  ± 0.0 I 0" 0.54 ± 0.0 1 6"b 0.56 ± 0.0 I 5b 

LGM 0.55 ± 0.0 14" 0 .49 ± 0.0 12b 0 .49 ± 0.0 I Ob 0.5 I ± 0.0 13"b 

abcmeans wi th in rows with d ifferent superscripts s ignificant ly  different  (P<O.OS) 

I n  l ate lactation there was a s ign i ficant  ( P<0.05) reduction i n  the proport ion of  energy 

part i t ioned to m i lk  by LGM cows at medium and low feeding leve ls  (P=0.08 at very 

low feeding levels)  compared to the EP1 for LGM cows at the h i ghest feedi n g  level 

(Tab le  3 . 3 ) .  The same re lat ionsh ip  was n ot observed in the HGM cows in late l actat ion .  

This  data suggests very low feeding levels  lead to  a reduction in the  level of  parti t ion i ng 

of M E I  i nto m i l k  dur ing earl y l actation and late lactat ion for LGM cows.  Cows i n  early 

lactat ion compensated for low i n takes b y  reducing the level of MEI  parti t ioned to m i lk ,  

wh ich  probably  prevented excess ive weight losses. LGM cows fed at low level s during 

l ate l actation partit i oned more energy to  maintenance of Lwt compared to HGM cows, 

resu l t i ng  i n  lower persistency of m i l k  production . 

The cow ' s  abi l i ty to part i t ion total dietary energy between maintenance, m i l k  and Lwt 

change is l i ke ly  to affect their abi l i ty to partit ion extra dietary energy i nto m i l k  (the 

marg inal response to extra feed) .  Thi s  has been reported in Chapter 2, which shows an 

increase in genetic meri t has a l arger e ffect on actual m i lksol ids y ie ld  at h igher leve ls  of 

feedin g  compared to lower levels of feeding. This  is a form of genotype by env i ronment 

i nteract i on that has important practical impl ications for dairy farm s ystems .  

W h i l e  Jersey dairy cows were used i n  this tria l ,  d i fferent  resu lts m a y  have been obtained 

wi th  Holstei n-Friesi an cows. For example, Mackle et al. ( 1 996) found Jersey he i fers 

part i t ioned more energy to m i l k  dur i n g  the lactat ion than Holste in-Friesian he ifers (43 %  
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vs 37%,  respectively) .  Thomson et al. (200 1 )  and Oldenbroek ( 1 986) observed that 

Jersey cows i n  earl y l actation uti l i sed a h igher proportion of their energy i n take for m i l k  

production than Hol ste in-Friesian cows, al though th is  advantage decl i ned a s  the 

l actation proceeded. 
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ABSTRACT 

Fi nd ing  the correct bal ance between a herds '  feed demand and feed suppl y i s  v i tal l y  

important i n  pastoral-based systems, to ensure h igh levels o f  performance and 

profi tabi l i ty.  The stock ing  rate expression "cows per hectare" has become outdated 

because not al l cows ' are equal , for i nstance, cows' of d i fferent l i veweight ,  and/or 

genet ic merit have d i fferent feed demands. In addit ion,  t he amount of feed grown per 

hectare varies, and addi t ional feed may be provided from other sources .  The recent 

i ntroduction of comparat i ve stocking rate (CSR) more adequately describes the ba lance 

between demand and supp ly  as i t  i ncl udes al l sources of feed suppl ied, and i t  takes i n to 

account  the l i veweight of the cow. But, the CSR express ion does not take i nto account 

the greater feed requ i rements of cows with high geneti c merit  for m i l k  yield A new 

method is being developed, which uses the cow ' s  est imated breeding values to est imate 

per cow performance at the level of feeding which corresponds to maximum $ EFS per 

farm ( max EFS) .  The method has been "ca l ibrated" against experimental resul t s  from a 

pasture-on l y  farmlet study for which $EFS was ca lcu l ated. The calcu l ated cow 

performance and l i vewe ight are used to determine the "Genetic Feed Demand" (or 

GFD),  which can then be used to adapt and improve the CSR equat ion by rep l ac ing  kg 

Lwt w ith total GFD. New optimum CSR values are 0.7 to 0 .8 .  The method is a 

s ign i ficant i mprovement because it uses genetic data for both cow l i veweight and m i l k  

production to determine the feed demand o f  the cow, and i t  wi l l  remain val id  i nto the 

future, because it  w i l l  accommodate future genetic changes for m i l ksol id y ie ld .and 

l iveweight.  Further development and val idation w i l l  be undertaken in ongoing studies .  
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INTRODUCTION 

An essential facet of the New Zealand dairying farming s ystem is the need to fi nd the 

right balance between feed supply ,  which i s  mai n l y  pasture, and a herds ' feed demand. 

The farm's  "stocking rate" h as been used to describe th i s  annual feed balance on farms 

in New Zealand and i t ' s  importance has been recognised s i nce the 1 950' s .  Stock ing rate 

is usual l y  expressed as the number of cows grazed per hectare. The number of cows 

prov ides a measure of the annual feed demand and, on  a pastoral farm, a hectare 

prov ides a measure of how much feed is avai l able (Penno,  1 999). 

The main  effects of stock ing rate are i l l ustrated by the resu l ts  of a pasture-based farmlet 

tri a l  u s i ng Holstei n-Fries ian cows (Macdonald et al. ,  200 I )  (Table  4. 1 ) . 

Table 4.1: Results from an experiment with five separate dairy "farmlets", with 

Holstein Friesian cows at 5 different stocking rates, with no heifers grazed-on and with 

no "imported" supplements fed (Macdonald et al., 2001) 

Holstein Friesian cows per hectare 

2.2 2.7 3.2 3.7 4.3 

Comparat ive stock ing rate (kg Lwt/t DM total 62 76 90 1 03 1 20 
offered) 

S i l age conserved (t DM/ha) 1 . 5 1 .4 0 .9  0.4 0 . 1 

Proportion of farm area topped in the year 2 . 1 1 .0 0 .4 0 . 1 0 .0 

Pasture eaten : t DM per cow 5 .06 4.65 4.24 4.0 1 3 .7 1 

t DM per hectare I I .  I 1 2 .5 1 3 .6  1 4 .9  1 6 . 0  

Calcu lated feed reqd.  for mai n tenance of cows 4.7 5 .7 6 .7  7 .7  8 .7  

( t  D M/ha) 

Performance of cows: kg MS/hectare 967 1 043 1 1 05 1 1 45 1 1 68  

k g  M S/cow 435 380 3 5 3  309 274 

Days in mi lk  296 278 260 238 222 

L i veweight (kg/cow) 489 475 472 467 448 

Effi c i encies 

Pasture Harvest ing: Pasture ut i l i sation (%) 63 70 72  8 1  8 1 

Feed convers ion :  kg M S  produced I t  DM eaten 86 82 8 3  77 74 

Economic farm surplus (EFS) ($/ha)* 2884 2960 3054 2940 275 1 
*$4.50 kg MS 
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At lower stocking rates, the cows are fed generous l y, are heavier and can be m i l ked for 

longer lactat ions due to more avai l able pasture per cow, consequent ly they ach ieve 

h igher yields of m i lk  per cow. However, m i lk y ie ld per hectare is l ower than at the 

h igher stock ing rates due to a reduced pasture ut i l i sation .  At the h igher stock ing  rates, 

more pasture is eaten per hectare. The quantity of pasture (and s i l age) avai l ab l e  to each 

cow is reduced, and as a resul t  they are th i nner and must be dried off earl i er. They 

produce less m i l k  per cow and are probably less fert i le  with longer anoestrous i n terval s 

and lower submission rates . 

Cows/ha has been used as an expression of stock ing rate for many years . However, the 

expression (cows/ha) has a number of defic iencies because it does not account for 

d i fferences between herds i n  cow s ize, m i l k  yie ld,  the number of young stock grazed, or 

the amount of feed suppl ied per hectare . For example,  a l arge, h igh y ie ld ing cow needs 

m ore feed and can eat more feed than a smal l ,  l ow yie ld ing cow. The farm may graze 

on l y  the m i l k ing herd, or it may graze hei fers and other stock, which need addi tional 

feed. Also, farms vary in  the amount of feed they grow per hectare, and add i t ional feeds 

may be brought i n  (Holmes, et al., 2002) .  

Recently,  a new expression has been proposed ca l led the comparative stock ing  rate or 

CSR,  which is expressed as kg l iveweight (Lwt)/t total DM offered. For research 

farm lets w i th no imported feeds and no hei fers grazed, profi tabi l i ty per hectare was 

max i mi sed at around 80-90 kg Lwt/t DM, and yie lds per cow were max i m i sed at 60-70 

kg Lwt/t DM (MacDonald et al. , 200 I ;  Pen no 1 999) .  The CSR expression  is a step 

forward as i t  takes into account cow size and feed supply .  However, i t  fai l s  to i nc lude 

level  of m i l k  production per cow, which i s  a m ajor component l eading  to v ariat ion in  

feed requ i rement per  cow . The ideal express ion wou l d  i nclude a measure of the genetic 

meri t of the cow, which wou ld make al l owance for the greater feed requ i rements of 

genetica l l y  superior animals .  

U l t i mate ly ,  the cows ' feed demand i s  determi ned by her Lwt, and her y ie lds of m i l k  and 

so l i ds,  and the cows '  genetic abi l it ies for these characterist ics are described by her 

estimated breedi ng val ues (EBV) for Lwt, m i l k  y ie ld ,  fat yield and protei n  y ie ld  p lus  

effects of crossbreeding  (hybrid v igour) .  Thi s  paper w i l l  describe how these EBV ' s  can 
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be used to predict cow performance at the feeding l evel (or stocking  rate),  wh ich  resu lts 

in  the h ighest level of economic farm surp lus (max EFS) for pasture-on ly  systems .  The 

predicted performance (mi l k  y ields and Lwt) wi l l  then be used to determi n e  the cow's  

"Genetic Feed Demand" (GFD) at max  EFS , and determine the number of cows  which 

can be m i l ked for a specified feed supply .  

METHODS 

The results of the study by Macdonald et al . (200 I )  (Table 4. 1 )  and the resu l t s  of studies 

presented in Table 4.2 can be used to define stocking rates and correspondi n g  levels  of 

performance per cow that opt imise profitab i l i ty in  pasture-based systems .  The 

m i lksol ids yields at which EFS is max i m i sed have been high l ighted and these range 

from 334 to 3 62 kg MS/cow for Jersey, Hol stein -Friesian and mixed breed herds with 

average EBVs .  This  compares to the 3 5 3  kg MS/cow achieved by Holstei n-Friesian 

cows at the most profi table stocking rate i n  the study by Macdon al d  et al. (200 1 )  (Table 

4 . 1 ) .  

Table 4.2: Description of a number of farmlet and commercial studies where $ EFS/ha 

has been measured. 

System kg kg EFS/ha 
descri�tion Cows/ha BW B reed MS/ cow MS/ha ($) Reference 
Control 3 . 3  3 1 1  1 040 2207 

M acdonald, 
200 kg N/ha 3 . 3  N S  H F  362 1 208 2496 

1 998 
200 ka N/ha 4 .4  269 1 1 90 2 1 40 

2 . 5  376 956 1 52 1  
G .  Pi tman, 

3 . 2  345 1 092 1 838 
Pasture-based 

3 . 7  
9 3  

285 1 056 1 627 
unpublished, 

4 . 2  259 1 073 1 52 8  
2002 

Commercia l  systems 

Top 1 0% EFS 3. 1 6 1  
M i xed 

344 1 060 2869 C . G i assey, pers 

Averaae 2 . 5  60 323 8 1 7  1 7 1 7  corn m .  

Commerc i al systems 

Top 25% EFS 3 . 3  N S  
M i xed 

334 1 1 00 2278 Hawse and 

Average 3 .0 302 9 1 5  1 702 Lesl ie, 1 997 

Use of a calibration herd in the formulation of the model 

The system of genetic evaluation in New Zealand produces est imated breeding values 

after correct ing the phenotypic records for heterogeneous variances . The expected 

performance of cows can be est imated as the sum of the average p roduct ive 
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performance of the contemporary group (cows of the same age, herd, and season)  plus 

est imated breeding values, and ( in the case of crossbred cows) plus the heteros is  effect. 

For e x ample, at moderate feeding leve ls ,  a straight-bred cow with EBV of +20 kg 

prote i n  would be expected to produce 20 kg more protein per l actat ion than herd 

contemporaries with an average EBV of 0 kg prote in .  Likewise, a cow with  a Lwt EBV 

of +40 kg is  expected to be 40 kg heav ier than her contemporaries with 0 kg EBV for 

Lwt (Han·is et al. 1 996) .  

Hybrid v igour needs to be estimated based on the proportion of crossbred an imals  i n  the 

herd, as the effect of hybrid vigour is  not included in EBYs. The values presented i n  

Table 4 . 3  are the max imum l evels of  hybrid v igour for each breed cross ( Lopez­

Vi l la l obos, 1 998) .  However, it is h igh l y  un l ike ly these max imum l evel s of hybrid 

vigour w i l l  occur across the herd due to back-crossing, and other departures from the 

first c ross.  

Table 4.3: Maximum hybrid vigour for straight cross animals 

M i l ksol ids 
Lwt 

HF/J 
4.3% 
1 .7% 

HF/A 
2 . 1 %  
0. 1 %  

J/A 
5 .0% 
2 . 3 %  

For th i s  study, the l actation yields and EBYs  were obtained for the  group of cows  that 

ach ieved the highest levels of $EFS (3 .2  cows/ha) i n  the farmlet trial by Macdonald et 

al . ,  (200 1 )  (Table  4 . 1 ) , and these are used as cal ibration val ues (or the contemporary 

group) . By us ing the yields and EBV of the cal ibrat ion herd from the study by 

Macdonald et al . (200 I ) , the performance per cow for other herds at max EFS can be 

predicted us ing the relationship between EBV and performance as described above.  

The ca l ibration cows' were Hol ste in-Fries ian ,  managed under a pasture-based sys tem at 

a medium to high level of feeding .  They had an average age of 4 . 6  years, which is 

s im i l ar to the average age of cows in New Zealand dairy herds (Livestock Improvement, 

200 I ) , and achieved mi lksol id yie lds wh ich were within the range of 334 to 362 kg 

M S/cow, which corresponds to max imum EFS/ha in other studies (Table 4 .2 ) .  



Chapter 4 - Genetic Feed Demand and the new CSR ---------- 36 

A brief description of y ie lds and EBV for the cal i bration herd is given below:  

Actual performance of 
cal ibrati on herd at max EFS/ha EBV of cal ibrat i on herd 

M i l k  (kg) 
M i lkfat (kg) 
Prote in  (kg) 
Lwt ( k a) 

VALIDATION 

4275 
20 1 
1 52 
472 

+ 747 .9 
+27 . 5  
+25 . 8  
+50. 1 

The l actation yields and EBVs of the max EFS herd (3 .2  cows/ha) at Stratford were also 

obtained (G. Pitman , unpubl i shed, 2002 ; refer to Table  4 .2  and Chapter 3 for detai l s  of 

the study) to compare and val i date the use of the cal ibrati on herd v al ues (Table 4 .4). 

The actual Lwt of the cows at Stratford was 375 kg, very s im i lar to the predicted Lwt of 

376 kg. The predicted m i lksol ids production (32 1 kg MS) is 7% l ower than t he actual 

y ie ld  (345 kg MS)  at max EFS . These d i fferences are expected because temporary 

env i ronmental effects are not included i n  the prediction of expected performance. 

H owever, the predicted mi lksol ids yield is very s im i l ar to the y ie lds per cow (324 kg 

M S )  that resulted in the max EFS in the prev ious year ( 1 998/99) .  In  add i tion ,  the 

predicted range of expected yields for typical cows withi n New Zeal and herds (refer to 

Table 4 .8) i s  a lso w i th i n  the range of yields at max EFS as i l l ustrated in Tab le  4.2 .  

Further testi ng is needed to check the val idity of these results for a w i der range of farms 

and systems 

Table 4.4: Milksolids yields and Lwt predicted for the Stratford herd based on the 

differences in EBVs between the calibration herd and those at the Stratford 

EBV Performance per cow 
Actual 

Cal ibrat ion Cal i brati on Predicted Actual 
herd Stratford D i fference Herd Stratford S tratford 

M i l k  (kg) 747 .9 - 1 89 937 4275 3338 
Fat (kg) 27 .5 1 6 .6 1 0.9 20 1 1 90 
Protein (kg) 25 . 8  3 .9 2 1 .9 1 52 1 3 1  
M i lksol i ds (kg) 53 . 3  20.5 32 .8  353 32 1 345 
Lwt ( ka) 50 . 1 -45 .7 95 .8  472 376 375 
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Calculation of Genetic Feed Demand per cow 

The predicted performance i .e .  Lwt and mi lk  yields,  at max EFS can then be used to 

determine  the GFD of the herd .  The equations used to calcu late the feed requ i rements 

(or GFD) are outl i ned i n  the Append ix .  An average energy concentration of feed of I I 

MJME/kg DM has been assumed. 

VALIDATION 

The method for the calcu lat ion of feed requirements, can be compared wi th  the resu l ts 

of a s i m i l ar study by Garrick ( 1 996) . The feed requ irements of a dairy cow wi th a Lwt 

of 450 kg, achieving y ie lds for mi lk ,  fat, and prote in  of 4600, 223,  and 1 70 kg, 

respect i vely,  was est imated at 4.7 t DM (GatTick, 1 996) .  In  the present study, the GFD 

of a cow with the same Lwt, and yields of mi lk  i s  4 . 8  t DM. The calculated GFD of the 

cal ibration herd (4 . 3 5  t DM/cow) is  s imi lar to the measured value (4.24 t DM/cow), 

which was calculated from the differences between pre and post-grazing herbage m ass 

(Macdonald et al. ,  200 I ) . Further testi ng is needed to check the val id i ty of these resu l ts .  

PRACTICAL APPLICATION AND DISCUSSION 

Presented in Figure 4 . 1 ,  is a simple step-by-step calcu lat ion sheet that can be used to 

cal cu l ate the mi lksol ids yields,  cow Lwt, and Genetic Feed Demand at max EFS . 

• The herd EBVs (entered in Step One) are used to determine the optimum y ie lds per 

cow in Step Two and the expected Lwt of the herd in Step Three (calcu lated va lues 

are shown i n  Tab les 4 .5  and 4 .6) .  

• The GFD (4050 kg OM) of cow with 0 kg EBV for al l traits (BW=$0) and the 

accompan ied i ncrease in GFD for every I kg i ncrease in EBV of each  trait  is shown 

in Table 4 .7 .  These values are used in Step Four to  calcu late the addit iona l  feed 

requ ired by the herd compared to the base an imal  w i th  0 kg EBVs.  

• I n  Step Five the total additional feed requi rements are then added onto the value of 

4050 kg OM, to determine the GFD of the herd .  
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Figure 4.1: Prototype worksheet to calculate Genetic Feed Demand and the number of 

cows for a specified feed suppy, to achieve the max EFS1• · 

Step One: Entering estimated breeding values (EB V) of the herd 

M i l k  EBV ( kg )  - 1 1!9 

1 6.6 

3.9 

-45.7 

Fa1 EBV ( kgJ 

Prolein EBV ( kg) 

Livewciglll EBV ( kg )  

M i l ksolids EBV = B+C 

[JJV ct111 be obllli11ed jrw11 11 Tmir E•·olrwrio11 Report 

Step Two: Calculate milksolids yield 

Base Cow Produclion ( refer 10 Table 45) 
add M i lksolids EBV ( E J  

11dd <:f(ecr IJ{Irybrid l'iwmr (refer to 7irble 4.3) 
F mul i i pl icd by hybrid v i gour eslim�lc for milksolids 

Milksolids yield 

Step Three: Calculate cow liveweigllt 

Base cow l i veweighl (refer 10 Table 4.6) 
add l i vewciglll EBV 

11dd <1/i:cr o{lrybrid Vigour ( r�/t'r to Tohle 4 3) 
H mul i ip l ied by hybrid vigour esli male for l i veweighl 

Estimated average herd liveweight 
Ac1ual LWT ( i f measured) 

Livcweighl dcvialion• = Aclual LWT minus Es1. LWT 

*(0 kg i(11ctrllll LW/' //Of 11/C'l/.\'llrec/) 

Step Four: Calculate additiorwl feed requirements 

M i lk E B V ( A )  - 1 89 
Fa1 EBY (U) 
Pro1cin EBV (C)  
Liveweighl E B V  (D) 
AcljiiS{II/l'/1{,\' 

( J )  + ( I )  

M i lksolids hybrid vigour (G) 

Additional feed rC<fUircments 

Step Five: Calculate Genetic Feed Demand (GFD) 

B ase cow feed demand 

Addil i onul feed requ i red of herd (K)  
Genetic Feed Demand (GFD) 

Step Six: Calculate new CSR 
N umber or COWS milked 
Total GFD = G FD x Number of cows milked 

Total Feed Supply 

1 6.6 

-45.7 

0.0 
0.0 

New CSR = Total G FDffotal Feed Supply 

20.5 

300 
20.5 
3 2 1  

0.0 
321 

422 
-45 .7 
376 

0 
376 

0 
0 

muli iplied by 

mull ipl ied by 

muli ipl icd by 

mul i ip l ied by 

mull ipl ied by 

muli ipl ied by 

(A) 

(B) 
(C) 
(DJ 
(EJ 

kg MS/cow 

kg MS/cow (F) 

kg MS/cow (G) 

kg MS/cow 

kg 

kg (HJ 

kg (IJ 
kg 
kg 

kg (J) 

refer to Table 4. 7 
0. 1 5  
5 .72 
3 . 1 8  
4.3 1 

4 .3 1 
4.7 1 

calculated values are j(>r the Jersey herd at Stratford (see Table 4.4 j(nfurther details) 

2 1 00 ha growing 16 t DM/Iw. 

-28 kg DM 

95 kg DM 

1 2  kg DM 

- 1 97 kg DM 

0 kg DM 

0 kg DM 

- l i S  kg DM (K) 

4050 
- 1 1 8 kg DM 

3932 kg DM/CO\ 

300 cows 
1 , 1 80 t DM 

1 ,600 t DM
" 

0.74 
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Table 4.5:  Predicted milksolids yield based on EBV for milksolids at max EFS ( + 1  kg 

EBV = + 1  kg MS) 

EBV for milksolids (kg) 
0 

20 
40 
53* 
60 
80 
1 00 
1 20 
1 40 

*calibration herd values in bold 

Predicted milksolids (kg MS/cow) 
300 
320 
340 
353 
360 
380 
400 
420 
440 

Table 4.6:  Predicted Lwt based on EBV for Lwt at max EFS ( +1 kg EBV = + 1  kg Lwt) 

EBV for Lwt (kg) 
-60 
-40 
-20 
0 

20 
40 

50* 
60 
80 
1 00 
1 20 

*calibration herd values in bold 

Predicted Lwt {kg/cow) 
362 
382 
402 
422 
442 
462 
472 
482 
502 
522 
542 

Table 4.7: The Genetic Feed Demand for max EFS for a base cow (EBV = o kg for all 

traits, and the increase in GFD caused by an increase of one unit in yield or Lwt 

B ase cow ( GFD = 4050 kg OM) 
+ I  kg mi lk  
+ I kg mi lkfat 
+ I kg prote in 
+ I kg mi l ksol ids 
+ I  k Lwt 

Additional feed required compared to base 
(kg DM/cow) 

0. 1 5  
5 .72 
3 . 1 8  
4.7 1 
4.3 1 

39 
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The ca lcu lated genetic values can then be used to adapt and improve CSR (see below) 

to i nc lude the effects of the genetic meri t of the cow (Step Six). 

The New Improved CSR = GFD/cow x Number of cows 

Total t DM offered 

The c alcu lated GFD/cow (the amount which must be EATEN by the herd) for m ax EFS, 

is  m u lt ip l ied by the number of cows on the farm to obtain the total GFD value .  The 

ca lcu lated total GFD val ue is d iv ided by the total t DM offered (determined us ing  the 

method proposed for the CSR calculation ; Speight, 2002). 

The new equation is  a s imple modificat ion of the CSR proposed by Pen no ( 1 999) . The 

base l i ne (total t DM offered) is unchanged, but the top l i ne (GFD/cow x n umber of 

cows or total GFD) is improved as it i nc ludes the effects of genetic meri t for y ie lds of 

m i lkso l ids  and Lwt ( instead of actual Lwt only) .  The calculated value of 0 .74 i n  Figure 

4 . 1 i s  w i th in  the optimum range of 0.7 to 0 .8 for the new CSR (essent ial l y  a measure of 

the feed u t i l i sation of the farm) . The new CSR for the cal ibrat ion herd was 0 .72,  and the 

range 0 .7  to 0.8 inc l uded herds at sl ight ly lower and higher stocking rates, but w hich 

produced s imi lar EFS/ha (see Table 4 . 1 )  

In  the study by Macdonald et al. ( 1 998) feed uti l i sation ranged from 0.70 i n  the Control 

farm let w i th 3 . 3  cows/ha to greater than 0 .80 in the farmlets that used supplementary 

feeds .  Increasing the proport ion of supplements in the diet increased the l evel of feed 

u t i l i sat ion ,  as these feeds were consumed with l ower level s of wastage. These two 

studies demonstrate that even in control led condi t ions, feed uti l i sat ion varies great ly .  

However,  h igh stocking rates wi l l  general l y  increase the level  of pasture uti l i sation ,  but 

w i l l  al so cause decreases in the amount of feed eaten per cow and performance per cow, 

and can c ause decreases in EFS/ha (Table  4 . 1 )  

If  the ca lcu lated CSR is lower than 0.7,  th is  suggests that, for cows w ith th i s  part icu l ar 

GFD, e i ther the number of cows is too low or the total feed supply i s  too h igh .  The 

actual performance of the herd (per cow) would be expected to be h igher than the l evels  

which correspond to max EFS/ha. In  th is  case, more cows could  be farmed on the 

speci fi ed feed supply .  
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On the other hand, i f  the calculated CSR i s  h igher than 0 .8  this suggests that for cows 

wi th  this part icu lar GFD, ei ther the number of cows is too high or the total feed supply 

i s  too low. The actual performance of the herd (per cow) would be e xpected to be lower 

than the level which corresponds to max EFS . In th i s  case, fewer cows cou l d  be farmed 

or ex tra feed could be added . 

People who are excel lent managers of pasture and supplements (eg. m m im i se the 

wastage of pasture, or supplements when feeding to the cows) may be able to ach ieve 

uti l isations of c lose to 0 .8 ,  wh i le s imultaneous ly  meeti ng the herds GFD for max EFS . 

Whereas, managers who are not so sk i l fu l ,  woul d  on ly  be able to ach i eve u ti l i sat ions of 

c lose to 0 .8 by restricti ng the herds feeding  l evels to below the G FD/cow (lower levels 

of performance) and so reducing EFS/ha below the maximum va lue .  Therefore, 

excel lent managers may target new CSRs of 0 .8 ,  average managers 0 .75  and m anagers 

wi th  less confidence in the i r  abi l i ty to feed cows and uti l i se feeds cou l d  target 0 .7 .  

• Examples 

The mi lksol ids yields,  Lwt, and GFD for 1 998-born cows from the four major  breed 

groups have been calculated as an example i n  Table 4 .8 .  This i n formation shows that 

average Hol stein-Friesian (HF) cows'  have the h ighest GFD, due to these an imal s being 

heav ier and produci ng the highest mi l ksol ids  y ie lds of al l the breeds.  J ersey catt l e  have 

the lowest GFD, as they achieve the lowest m i l ksol ids yields and have the lowest Lwt .  

HF/J , and Ayrsh i re ' s  (A) have in termediate va lues for GFD. 

Table 4.8: The average estimated breeding values (EBV) for animals from the four 

major breed groups born in 1998 (Livestock Improvement, 2001) and their predicted 

yields per cow, Lwt and GFD corresponding to the max EFS. 

EBV (kg) Predicted values/cow for max EFS 
Stocking 

Mi lk  M i l kfat Protein Lwt Mi lksolids Lwt GFD rate 
( k!!) (k�) ( t OM) ( cows/ha)2 

H F  +90 1 +26 .4 +28 .5  +55 .6 355 478 4 .7  2 .6  
-98 + 1 7 .2 +6. 1 -43 . 8  3 2 3  378 4 .0  3 .0  

HF/J +400 +23 .4 + 1 7 .6  +6. 1 347 ' 432 4 .4  2 .7 
A +469 +9 .8  + 1 5 .4  +8 .9  325 43 1 4 . 3  2 . 8  

' assuming hybrid vi gour of  6 and 3 .5  kg for m i l ksol ids and Lwt, respect ively .  
2assuming a feed supp ly  of 1 6  t DM/ha and a new CSR value of 0.75 . 
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Using these calculated GFD values for the different breeds, the required number of 

cows for the specified feed supp l y  can be calculated (Table 4 .8)  us ing the New 

Improved CSR equation.  Th is  i n formation shows that fewer HF cows need to be m i l ked 

than H F/J , A, or J cows to ach ieve max EFS . In addit ion,  cow Lwt should not be used as 

the m ajor factor to determi ne the requi red number of cows (as w i th the origi n al CSR), 

as this w i l l  result  in the underfeeding of cows w ith higher genetic potent ial for m i l k  

product ion.  

Limitations 

• The model uses a narrow cal ibrat ion base provided by the one HF cal i brat ion herd. 

A lso, because the ca l ibrat ion herd was managed in a pasture-on ly  system, the 

GFD cannot yet be used confident ly  for predict ions on farms w h ich  use 

supplementary feeds intensively and achieve h igher yields per cow. These i ssues 

w i l l  be addressed in the near future. 

• If cows are going to be managed in  systems which differ from the farm system 

where breeding values were estimated, then expected performance has to account 

for scale effects (a type of genotype by env i ronment interact ion ;  refer to chapter 

2) .  Consequently,  it may h ave been poss ib le  to i nfl ate the EBYs to reflect the 

feedi ng level ,  however, a conservat ive approach has been taken unt i l further 

evidence of scal ing effects is found with in New Zealand production systems .  In 

addi t ion ,  within this paper the predicted yie lds per cow are on l y  s l ightly above the 

average of the national herd . Therefore, in herds with mi l ksol ids yields c lose to the 

national average, use of EBV to predict performance as described in th i s  paper i s  

reason ab I y accurate . 

• The calcu lation of opt imum EFS by M acdonald et al . (200 I) assumed costs and 

prices in 200 I ,  and it is possible/probable  that changes in these cou l d  affect the 

level of performance, and the GFD which corresponds to m ax EFS . 

Advantages of GFD and the n ew CSR equation 

• GFD signifi cant ly  improves the CSR, so that it inc ludes a l l  aspects of the genetic 

merit  of the cow. 
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• The GFD takes i nto account the higher feed requirements of heavier animals 

( s imi l ar to CSR), but i t  also provides a method by which to calculate the herd ' s  

genetic Lwt from the herds E B V  for Lwt. 

• GFD also accounts for the higher feed requ irements of cows with higher genetic 

merit for milk yield. It i l l ustrates that as the genet ic merit of cows'  increase there 

w i l l  need to be an accompan ied increase in feed i ntakes to ensure cows' can 

ach ieve the level of performance corresponding to max EFS . 

• GFD wi l l  remain useful as the genetic merit  of herds and ind iv idual cows i ncrease.  

• The GFD can be used to determine the required number of cows for the farms '  

total feed supp ly .  

• The method provides genetic-based targets for mi lksol ids yie ld per cow, which 

corresponds to achievement of max EFS . These wi l l  be valuable aids for i mportant 

management dec i s ions.  

CONCLUSIONS 

Overa l l  the GFD and new CSR calculation is a s ignificant advancement over the 

tradit ional  cows/ha, or kg Lwt/tDM offered. In the future, as genetic merit for yield of 

mi lksol ids i ncreases, the genetic target for yie ld  and the GFD per cow for each breed 

w i l l  a lso i ncrease (even though Lwt wi l l  probabl y  not increase s ign ificantly ) .  In order to 

accommodate these i ncreases : 

• The number of cows must be reduced, or; 

• The total feed supp ly  must be increased, or; 

• The feed ut i l isation effic iency must be increased above the 0 .7  to 0 .8  ( less l ikely ) .  

GFD and the  new CSR wi l l  stimu late greater thought by  farmers and consul tants, and 

helps to provide greater understanding of the major factors that determine feed 

requ i rements of the cow. It a lso emphasi ses the importance of uti l i sing  as much feed as 

poss ib le to max imise product ion .  It provi des a rel at ively s imple m ethod us ing avai l ab l e  

genetic i nformation  about the cows, which farmers can u s e  t o  determine  the number of 

cows for their dairy system . Further va l idation tests and developments w i l l  resul t  i n  

methods that are s impler and more robust.  
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ABSTRACT 

Repl acement hei fers which make up approx imate ly  20% of the h erd, need to reach 

speci fic target weights to ensure they calve as two year olds, and subsequent ly  achieve 

h igh mi lk  y ie lds and good fert i l i ty .  Current ly,  d i fferent l i veweight  (Lwt) targets are 

recommended for d ifferent breeds such as Holste in  Friesians and Jerseys. However, 

these do not a l low for genetic d ifferences in Lwt between heifers wi th in  a breed .  This is 

especial l y  important with the increased use of overseas Hol stein Fries ian strai ns ,  which 

have a h igher m ature Lwt potent ial than New Zeal and-bred animal s .  A method has been 

formulated whereby the est imated breeding value for Lwt (LwtEB V )  of any breed of 

hei fer i s  used to calcu late a mature Lwt potent ial of the an imal , from which  a re­

parameteri sed von Bertan lanffy growth curve function is used to calcu late target Lwts 

from 0-24 m onths of age needed to reach the mature Lwt. For example, target Lwts at 

mating are 3 5 3 ,  329, 299 and 264 kg, for hei fers with LwtEBVs of 1 00 ( typical 

Overseas Hol stein Friesian) ,  60 (New Zealand Ho I stein Friesian ) ,  I 0 (Friesian Jersey 

cross) and -40 (Jersey), respect ivel y .  The est imated mature Lwt of these an i m al s  are 

578 ,  538, 496 and 438 kg, respectively .  Feed requirements have also been ca lcu lated. 

The system uses genetic informat ion about Lwt of individual heifers (LwtEBV) to 

provide an accurate representation of the mature Lwt potential of the an i m al . It w i l l  

a l low farmers to compare the Lwt of their heifers with targets at speci fic stages of their 

development ,  and to identify ind iv iduals which are below (or above) their targets, so 

that they can be managed appropriate ly .  
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INTRODUCTION 

In New Zeal and ' s  pastoral dai ry system, approximate ly  20% of the herd is replaced 

annual ly  w i th two year-old heifers, and rearing these dai ry repl acements is an important 

cost wi th i n  the dairy operation . The feed intake/growth of these an imals  affects their 

subsequent abi l i ty to achieve to the i r  genet ic potential  m i l k  yields, survi ve in the herd, 

and to ca lve at 24 months of age and thereafter at 1 2  month in tervals (Bryant and 

McRobbie,  1 99 1  ) .  

Correct feeding management throughout the heifers development encourages mammary 

gland development, and ensures h igh Lwts at cal v i n g  (Heinrichs,  1 993) .  There is a 

posi t ive rel ationship between Lwt at fi rst parturit ion and mi lk  y ie ld i n  fi rst l actation 

( Keown and Everett, 1 986) .  In New Zealand this re l at ionship ranges from 0 . 3 6  to 0.43 

k i logram of  extra m i lksol ids (kgMS) for every addit ional k i logram of Lwt at two years 

of age (Pen no et al. , 1 997b; van der Waaij et al. , 1 997 ;  Bryant and McRobbie, 1 99 1  ) .  

Lwt i s  a lso a key determinant o f  the onset of puberty, because a heifer reaches puberty 

w hen she attains a certain proportion of her mature Lwt (McNaughton et al . ,  2002). For 

e x ample,  puberty was reached when h igh and low l i ve weight selection l ine hei fers were 

48% and 47% of mature weight, or 24 1 kg and 22 1 kg, respecti vel y (Garc i a-Mun iz, 

1 998) .  S im i l ar resu l ts of 47% (258 kg), 43% (27 1 kg) and 43% (237 kg) of  mature 

weight  were observed in  the trial by McNaughton et al. (2002), us ing high genet ic  merit 

New Zealand,  overseas and low genetic merit New Zealand Holste in  Fries ian strains ,  

respectivel y .  Fai l ure to reach puberty before the start of the mat ing period can h ave a 

s ign i ficant effect  on pregnancy rates in  seasonal l y-calv ing herds i n  New Zealand,  and 

low Lwt at the commencement of mating is a main factor affect ing the fai l u re of he ifers 

to conceive (Macmi l lan,  1 994). 

A number of i nvestigators have described target weights for heifers for a New Zealand 

system (Penno et al. ,  1 997 ; Bryant and McRobbie ,  1 99 1  ) . Target weights at mat ing ( 1 5  

months)  and calv ing (24 months) of  60% and 90% of the estimated mature weight, 

respect ive ly ,  were suggested by Troccon ( 1 993) .  However, the ind ividual he ifer' s 

mature we ight cannot be esti mated un less her genetic background  i s  known.  For 
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i n stance, New Zealand-bred Hol stein Fries i an (NZHF) cows have l ower mature Lwts 

than cows w i th a high proportion of overseas genetics (OSHF); therefore target weights 

shoul d  be l ower for the NZ-stra in ani mals ,  than for the overseas strain animals 

(McNaughton et al . ,  2002) .  

In  the  tria l s  carri ed out by  McNaughton et al .  (2002) and by  Garc ia-Mun iz  ( 1998) 

puberty  was reached when the anima ls - al l  Hol stein Fries i an - ranged from 22 1 to 27 1 

kg of Lwt. These resul ts indicate that even with in the same breed of cattle, d ifferent Lwt 

targets are needed to account for genetic variation in Lwt between animals ( Hoffman, 

1997). Thi s  is especial ly important  in New Zealand, due to the i ncreased use of 

genet i cal l y  heavier OSHF strain s i res on NZHF, crossbreed ,  and Jersey dai ry cows. A 

model has been developed that uses the genetic value for Lwt for a hei fer to calcu l ate 

her target Lwt at important stages of her growth. 

METHODS 

A theoreti cal  model was developed to s i mulate the Lwt and feed requ i rements of heifers 

with d i fferent LwtEBV over the fi rst two years of development 

The mature Lwt (W) of an ani mal is calcu lated rel at ive to a theoreti cal base an imal . 

The base an imal i s  the average Lwt (529 kg) of 6-8 year o ld  Hol stein-Fries ian cows i n  

2000/200 I ( Livestock Improvement Corporation ,  200 I). The average LwtEBV o f  these 

an i mals  w as estimated at 50.6 kg (B i l l  Montgomerie personal communicat ion) :  

W = 5 29 . 3 + (LwtEB V -50.6) 

where :  LwtEBV = Lwt breeding value of heifer 

An est imated value of 1.7 % has been added onto the mature weight of the Ho l stein ­

Friesi an/Jersey cross heifer to  account for the effect of heteros i s  (Lopez-V i l l alobos, 

1998) . 
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The Lwt (W1) at age t ( i n  months) was calculated using the re-parameteri sed von 

Bertan l anffy equation as given by B aaker and Koops ( 1 977) :  

where :  W = mature Lwt (deri ved from breeding values), W0 (Bi rth Weight) = (W0 73 -

2 8 .89)/2 .064 (Roy, 1 980),  k (constant rel ated to rate of matur ing) and e = base of the 

natural logari thm. 

The weight of the foetal components (Wr) was calculated using the formu lae: 

W _ I 2.912-(exp( -0.00406i)*J . l47) 
r - og 

where t = days s ince conception . 

The va lue (Wr ) is then mult ipl ied by a factor: W j 40 kg cal f (AFRC, 1 993) .  

The metabol isable energy requirements of  heifers are calcu lated for periods of ! -month 

unt i l  fi rst parturit ion using the formul ae proposed by AFRC ( 1 99 3 ) .  Feed requ i rements 

(kgDM/heifer/day) are calculated assuming an energy concentration  of the feed of 

1 1  MJME/kgDM. 

RESULTS AND DISCUSSION 

Presented i n  Table  5 . 1 are Lwt targets and in Table  5 . 2  feed requ i rements for average 

Overseas Holstein  Friesian, New Zealand Hol ste in  Fries ian, Fries ian J ersey c ross and 

Jersey heifers . The Lwt targets for I 00 and I 0 kg LwtEBV heifers are very s im i l ar to 

those recommended by Troccon ( 1 993)  for heifers with estimated m ature weights of 

500 and 600 kg, respecti vely (Table  5 . 1 ) . However, use of the described method al lows 

the m ature weights to be calculated from the LwtEBV, w hereas the targets described by 

Troccon ( 1 993),  requi red an estimation of the expected mature Lwt based on 

appearance or  breed. 

The calcu lated targets are also s imi l ar to those recommended by Penn o  et al. ( 1 997) and 

McNaughton et al. (2002). (McNaughton et al., 2002) recommended m at ing Lwt targets 

of 340 kg Lwt, and 300 kg Lwt for animals  with a high proport ion o f  overseas Holstein 

Fries ian (OSHF) genetics (84 LwtEBV) and New Zealand- type Ho l stein Friesian 

an i mals  (48 LwtEBV), respect i ve ly .  The val ues calculated by the m odel for their B Y ' s  
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are 339 and 3 1 7  kg for OSHF and N ZHF animals ,  respect ive ly .  (Garcia-Muniz ,  1 998) 

fou n d  96% of the H (LwtEBV 78) and 99% of the L (LwtEBV 42) select ion  l i ne 

an i mals  had reached puberty ,  when they had reached 57% (283 kg) and 58% (273 kg) of 

thei r  m ature Lwt at mating ,  respect ive ly .  The target Lwt at mating of the ani mals 

represented i n  the model (Table  5 . 1 ) , are 60% of the mature Lwt, hence, at these Lwt 

targets a l l  an imals  should have reached puberty by mat ing .  

Table 5.1: Lwt targets for different breeding value heifers at  important management 

stages. 

Breed1 OS HF NZ HF FxJ J 

LwtEB V (kg) 100 60 10  -40 

9 months (Sent away to graze) 230 2 1 4  1 97 1 74 

1 5  months (Mati ng) 353 329 299 2 64 
(360)2 (300) 

2 1  months  ( Home from grazing) 46 1 429 395 349 
24 months (pre-partum) 537 500 460 406 

(540) (450) 
Mature Weight 578 538  496 438 

(600) (500) 
1os HF = Overseas Hol stei n  Friesian ,  NZ HF = New Zeal and Holstein Fries ian ,  FxJ = 
Friesi an Jersey cross, and J = Jersey 
2 Numbers in brackets as recommended by Troccon ( 1 993) 

The required pre-puberty growth rate of hei fers at the two extremes, I 00 (OSHF) and -

40 LwtEB V (Jersey) are 0 .70-0 . 80 and 0.45-0.55 kg/day, respecti vely .  It h as been 

reported that excessive pre-puberty (90-300 kg) growth rates of 0.4 and 0.7 kg/day for 

Jersey and Holstein-Fries ian,  respecti ve ly, can have negative effects on subsequent m i lk  

production (Sejrsen and Purup ,  1 997; Carson , et al. ,  2002) .  H owever, in  New Zealand, 

pre-puberty growth rates of 0 . 8  and 0.65 kg/day in Holstein Friesian and Jersey heifers, 

respect ive ly, did not resu l t  in a s ignificant negative effect on subsequent m i l k  

product ion (Penno e t  al . ,  1 997;  Penno, 1 997) . S im i l ar ly,  Hol s te in  Friesian pre-pubertal 

growth rates of 0.66 to 0 .95 kg/day d id not resu l t  in a reduct ion in first l actation m i l k  

y i e l d  i n  I re land (Carson e t  al . ,  2000).  Therefore, i t  i s  un l ike ly  the pre-puberty growth 

rates needed to reach the Lwt targets are going to have a negative effect on m i l k  

product ion .  Also,  the recommended target of 5 3 7  kg at 2 years o f  age for O S H F  heifers 

are rough ly  the same as the 540 kg target as recommended by Cm·son et al. (2002) i n  

I re l and .  



Chapter 5 - G enetic-based heifer liveweight targets----------- 5 1  

Table 5.2: Feed requirements (kgDM/day) for different breeding value heifers at 

important management stages. 

Breed OS HF NZ HF FxJ J 

LwtEBV (kg) 1 00 60 10  -40 

9 months (Sent away to graze) 5 .9* 5 .4 4 .9 4.2 

1 5  months (Mat i ng) 6.9 6 .4  5 . 8  5 . 1 
2 1  months (Home from grazi ng) 7 .6  7 . 1 6 .5  5 . 8  
24 months (pre-partum) 1 0.6  9 .9  9 .2  8 .2  

*assuming a feed energy concentration of 1 1  MJME/kgDM 

The data in Table 5 . 2  can be used to match the level of feeding to the LwtEBV of the 

an imal s reared, and ensure they reach Lwt targets . It is obv ious ly  not correct,  for 

example, to assume that a l l  b lack and whi te heifers (which cou ld  be OSH F, NZHF and 

or crossbreds) have the same mature Lwt and hence the same target weights .  Fai lure to 

recogn i se th is  cou l d  resu l t  in the severe underfeeding or even overfeed ing  of heifers , 

and as a resu l t  Lwts that max imise production w i l l  not be reached. 

Table 5.3: Proposed management report for heifers, with heifers ranked according to 

their deviations from their individual target weights. 

Heifer 

3 5 6  328 305 -23 -7% 

4 1 4m 29d -25 275 270 -5 -2% 

5 1 4m 20d 98 345 360 + 1 5  +4% 

6 I Sm 1 5d 6 302 330 +28 +9% 

7 I Sm 6d 49 324 370 +52 + 1 6% 

A proposed management report for he ifers at 1 5  months of age i s  presented i n  Table 

5 . 3 ,  i n  which the heifers are ranked accord ing  to their deviation from i nd iv idual target 

weights .  The target Lwt - calculated for age at weighing - i s  compared w i th the actual 

Lwt, and the di fferences in kg Lwt and as a percentage of the target are recorded. 

Heifers wi th in  5% of targets are probabl y  at the appropriate Lwt. He i fers that are more 

than I 0% below their target need addi t ional feeding to ensure they reach subsequent 

Lwt targets . S im i l arly, if an imals  are more than I 0% above the i r  target, management 
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shoul d  ensure they do not have excess ive Lwt ga in  before puberty, wh ich  cou l d  have 

detrimental effects on m i l k  production . 

CONCLUSION 

The method proposed for calculati ng heifer Lwt targets wi l l  fac i l i tate the i mproved 

management of dairy heifers . Heifers w i l l  have an improved chance of getti n g  in calf 

earl y as yearl i ngs, and enable them to produce to their capabi l i t ies over a long 

productive l i fetime when they enter the herd . U l timately, l ead ing  to i mproved 

profi tab i l i ty and greater farmer satisfaction from m i l k ing wel l -grown he ifers .  
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The present study has highl ighted a number of key points about the use of genet ic data 

for management of dairy cows and repl acements .  M i l k  production systems are d ynamic ;  

feeding HGM cows wi l l  depend upon accurate knowledge of  the an ima l s '  nutrient 

requ i rements for differing functions,  and feeding  systems should be developed with the 

genetic values for poten t ial yields and l i vewei ght of the cow in  m ind .  C learl y ,  HGM 

cows need to be offered higher al l owances to al low them to consume the h igher feed 

i ntakes necessary for them to express their potent ia l  for mi lk  production .  

Each aspect of the research has been di scussed i n  detai l i n  the respective chapters 2 to  5 .  

The a i m  o f  t h i s  general d i scussion i s  t o  summari se and i ntegrate t h e  m a i n  poi n ts  aris i ng 

from the research. 

Partitioning and genotype x environment interactions 

The resul ts of studies out l i ned in th is  thes i s ,  and studies by Ful kerson et al. (2000), 

Kennedy et al. (2002) i ndicate that scal ing  effects (a type of G x E i n terac tion) are 

common wi th in  the range of dai ry systems and cow genotypes present w i th in  New 

Zealand and worldwide. HGM cows exhib i t  greater marginal responses i n  m i l k  y ie ld 

per uni t  of addit ional feed offered because they part i t ion more of the extra feed 

consumed to m i l k .  Consequent ly,  there i s  a h igher economi c  breakeven cost of 

supplementat ion for an i mals as GM increases (Ferris et al . ,  1 998) .  Clearly ,  the abi l i ty of 

cows to express the i r  m i l k  production potent ia l  at low level s of feeding is l i m i teq by the 

l ack  of dietary energy, and the value of a un i t  increase in genetic merit  in a l ow 

concentrate, pasture-based system w i l l  be smal ler than the value of the same i ncrease i n  

genetic merit i n  a h igh concentrate system ( Kennedy e t  al. ,  2002) .  

As cows of h igher m i l k  yield potenti a l ,  and hence higher nutrient requ i rements,  become 

more numerous, the greatest chal l enge to dairy producers w i l l  be to develop 

management  systems, particularl y i n  nutri t ion,  that a l low cows to fu l l y  express their 

genet ic  potenti al (Funk, 1 993) .  However, w h at is opt imum for the cow n utr i ti onal l y  and 

what is  opt i mum for whole farm profit may be quite d ifferent. Max imum p rofit  per farm 

w i l l  probabl y  be achieved at level s of performance per cow which are I 0 to 20% below 



Chapter 6 - General Discussion ------------------- 57 

their  genetic potent ia l  i f  fu l l y  fed on pasture (Macdonald et al. , 200 1 ; Kolver et al., 

2002) .  

H i gher levels  of partit ioni ng to  mi lk  i n  HGM cows cause increased mi lk  y ie lds, but 

resu l t  in the depletion of body ti ssue which can compromise reproducti ve performance 

(Fen·is et o/., 1 998) .  Al though the deplet ion of body t issue reserves may be acceptab le  

i n  the short term, a much longer-term approach must be adopted when considering the 

nutri t ion of the HGM dai ry cow. It i s  l ike ly that i mproved feedi n g  of these HGM 

an imals  w i l l  help to ensure they get in-calf at regu lar intervals, wh ich  is essent ial for 

pasture-based systems .  

Optimum performance and feed demand per cow 

Use of cows per hectare as a measure of the balance between feed demand and supp ly  

(or stocki ng rate) is  i nadequate (Penno, 1 999).  There i s  a need to  determine d i rectl y  the 

feed demand of the cow from genetic values, which can be used to predict a level  of 

performance that opt imi ses profi tab i l i ty .  The CSR equation can be adapted to better 

represent the feed demand of the herd .  Thi s  is achieved by repl aci n g  kg Lwt with the 

total GFD of the herd . Optimum values for the new CSR are 0.7 to 0 .8 .  The GFD also 

i l l u st rates that management changes such as lower stock ing rate or increased feed 

supply (eg. more n i trogen ferti l i ser or imported supplementary feeds)  w i l l  be needed to 

meet the i ncrease demands of the HGM cow (Hol mes et al. , 2002) .  

Heifer replacement liveweight targets 

Too often hei fers enter the herd i n  poor condition and at low l i vewe i ghts .  This study has 

devi sed a set of l i veweight targets that are based on the EBVs for l i veweight of the 

i n d i v idual hei fer. These, if achieved, shou ld  al l ow replacements heifers of any breed to 

fu l l y  express their reproduct ive and m i l k  production potent ia ls .  Proper feeding and 

regu lar weigh i n g  of young stock - to enable comparisons of actual l i veweight w i th pre­

determi ned genetic targets - w i l l  hel p  to ensure that they concei ve at about 1 5  months 

and again at 27 months, and produce to high level s when they enter the herd .  
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General Discussion 

To date, genetic information has not been wide ly used for management purposes on 

commerc i al dairy farms .  The present study has h ighl ighted the fact that genet ic  values 

such as EBYs can be val uable for farmers in  the pract ical management and design of 

the i r  dai ry farm systems .  With the increased use of the computers, and web-based tools 

there is increased interest in us ing computer models to aid decis ion mak ing  for every 

day farmi n g  s i tuations .  Model s such as UDDER and CAMDairy can forecast the effect 

of changes to feeding regimes and thus prevent management mistakes from occurri ng 

(Uri be, et  al. ,  1 996) . In tegration of financi al aspects can help to esti mate the 

profitab i l i ty  of these changes. Further development of these tools to i nclude the effects 

of genetics and GxE in teract ions wi l l  enhance their scope and improve the accuracy of 

predict ion . Understanding the phenotypic and genetic variation among cows in thei r  

abi l i ty to  partit ion nutrients between t i ssue and mi lk ,  w i l l  enable th i s  informat ion to be 

used as a predictive tool to determine the l i kel y m i l ksol ids response to supp lementation 

(Saama and Mao, 1 993 ) .  

Accurate i nformation from commercial  farms can be valuable as these system s  are run 

in "real" condit ions. Col l aborations between research organi sat ion ,  such as the use of 

data from The Stratford Demonstrat ion Farm and Dexcel in  Hami l ton in  this thesi s ,  w i l l  

need to become commonplace as research funding becomes more stri ngent ly  moni tored. 

As more information becomes avai lable on quanti tati ve trai t loc i  (QTL) and genetic 

m arkers, these findings should be i ncorporated i nto the design of farm systems, and 

the i r  effect assessed. 

CONCLUSIONS 

• HGM dairy cows part i t ion a h igher proportion of feed to lactation throughout the 

lactation, and they appear to adjust the level of part i t ion i ng depend ing  on their 

nutrient i ntake. 

• GxE interactions are present wi thin the range of New Zealand dairy s ystems, and 

these interactions cou ld  have s ignificant impl ications in the des ign of genetic 



Chapter 6 - General Discussion ------------------- 59 

evaluat ion.  Spec i fi c  genotypes may need to be tai l or-made for the type of system 

in which  they are m anaged. 

• Genetic i n formati on can be used to help determine  the feed demand/cow to 

max i m i se $EFS per farm.  Thi s  i n formation can then be used to determine the 

stock ing rate requ i red to achieve the m ax EFS from a speci fied supply of feed. 

Genet ic  i n format ion i s  also useful because i t  helps farmers to determi ne the 

genet ic potent ial of cows with in  the confi nes of the i r  systems.  

• Management of he ifer replacements can be improved through more adequate 

moni toring techn iques and heifers can be treated ind i vidual l y  rather than s imply 

dependent on breed or colour. Ensurin g  al l hei fers reach their pre-determi ned 

target weights w i l l  ensure each animal h as the best chance to perform to a high 

level when it enters the herd .  

• The genetic-based models  developed in  th is  thes i s  have been developed with the 

farmer mi nd, and it is hoped that the adopt ion and improvement of these model s 

can aid in  the management and design of commerc ial dairy farm systems .  
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Calculation of feed requirements 

The effic iency of energy use for mai ntenance (Km) = 0.35qm + 0 .503, the e ffic i ency of 

energy use for lactat ion (K1)  = 0 .35qm + 0 .420, the efficiency for growth of the 

conceptus (Kc) = 0. 1 33 ,  the efficiency of energy use for growth in l actat ing  rum i n ants 

(Kg) =  K1 * 0.95 , , and the effic iency of the use of mobi l ised body reserves for l actation 

( K1 )  = 0. 84, q11 1  = ME/Gross Energy (GE) of feed. An average energy concentration of 

feed  of I I MJME/kg OM has been assumed. 

A genera l i sed equation for the total metabolisable energy requirements or  intake 

(MEI) of dai ry cattle as proposed by (AFRC 1 993) .  

MEI (MJME/day) = CL { Mm +  M1 + Me +  Mg) ( 1 )  

where CL = correction factor, M11, M,, M0 and Mg. represent energy requirements for 

maintenance, lactation, pregnancy, live weight gain, respectively, as defined below: 

M aintenance component (M111) has been calcu lated us ing :  

(2)  

Where F111 = Fasting Metabolism and Ac = Activity allowance 

Agnew & Yan (2000) , in reviewing 42 recent studies, found the equat ions  of NRC 

(2000) and AFRC ( 1 993 )  underestimated the fast ing metabol ism (Fm) of h i g h  genetic 

merit cows by 20-30%. From the summary of these studies, a value for F111 requ i rements 

of 0.40 Lwt 0·75 has been adopted, which is 2 5 %  higher than the value proposed by 

AFRC ( 1 993) .  In  addi t ion,  an act iv i ty al lowance (Ac) of 0.0 1 6  Lwt has been used, 

assuming a cow walk ing  3km dai ly  and graz ing pasture (Lopez-Vi l l alobos, 1 998) .  

Lactation component (E1) 

Energy va lue of m i l k  (EV1 ) is calculated us ing :  

EV1  = 0 .0376F%+ 0.0209P% + 0.976 (3) 

where: Fo/o is fat concentration and Po/o is protein concentration, g/kg. 
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The energy required for lactat ion,  M1 ,  i s  then cal cu lated from :  

M 1  = (MJ/day) = Y (EV1)/k1 (4) 

·where Y is the yield (�{milk in kg/day 

The pregnancy component (Me) 

The total energy retention at t ime t (E" MJ) ,  in  the grav id foetus in cattle ,  assu m i ng a 40 

kg ca lf  b i rthweight i s :  

Log 1 o(Et) = 1 5 1 . 665 - 1 5 1 . 64e-0 00005761 

w here t is days from conception 

The dai l y  energy retention (Ec) can then be calcul ated from :  

Ec = 0.025Wc(E1 X 0.020 1 e-0 00005761) 

(5)  

(6)  

w here E1 i n  MJ i s  calculated as  in  equat ion (5) ,  and We = ca lf  b irthweight = (Lwt0 73-

2 8 .89)/2 .064 (Roy, 1 980) 

The energy requirements for pregnancy (Me) are then calcul ated us ing :  

Me = EJkc (7) 

The energy retained in the body per kg of bodyweight gain (Mg) i s  calculated us ing :  

M" = EJk., " " " 

Where E� = 1 9  MJ/kg Lvvt (AFRC, 1993) 

(8)  

The dietary energy spared per kg of bodyweight lost (Mg.1) by l actat ing  anima l s  is  

ca lcu lated us ing :  

Mg-1 = Eg-1/k1 

Where Eg- 1 = Eglkt 

(9) 

At  h igh level s of feeding increased rumen outflow l eads to an overesti mati on of the ME 

avai lab le when a constant M E  concentration i s  assumed. A correct ion factor (CL) has 

been added to account for i ncreased rumen outflow, as recommended by AFRC ( 1 993) :  

( 1  0) 

w here L is ca lcu lated energy in take in mul t iples of maintenance 

-
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Assumptions in Chapter 4 

• For dry animal s i n  equation (2),  a fasting  metabol ism (F111) value  of 0 .36  Lwt 0·75 

has been adopted (Agnew and Yan , 2000).  

• A cow loses and gains one condition score throughout the year. One condi t ion 

score is equivalent to 40 kg in a mature Hol stein -Friesian of 5 3 0  kg Lwt (Ho lmes 

et al. , 2002 ; Li vestock Improvement, 200 I ) . Hence, Lwt equivalent of one 

condition score in  other animals = 40 x (Lwt/530) .  Mg in equat ion ( I )  i s  replaced 

with (Mg - Mg_ 1) to calculate the energy requ i rements for one condit io n  score 

change throughout the year. 

• Lactat ion length assumed to be 260 days. 
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