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ABSTRACT 

The effect of differences in live weight (LW) on feed requirements of  pregnant non

lactating cows was assessed during a 41-day grazing experiment. Thirty eight dry pregnant 

Friesian and Jersey cows (28 Friesian cows differing in live weight and 10 Jerseys) at 

similar stages of  pregnancy (range 190 to 230 days pregnant) and averaging 5.8 years of 

age were used. The cows were grouped according to their initial LW in three size-groups, 

i .e. Big Friesians (BF; n=14, LW= 526 kg), Small Friesians (SF; n=14, LW= 415 kg) 

and Jerseys (J; n=10, LW = 362 kg). Within each size-group the cows were randomly 

allocated to one of two levels of daily herbage dry matter (DM) allowance (HA), 

calculated to meet either maintenance and pregnancy (i.e. HA of 7.7 to 11.0 kg 

DM/cow/day), or the gain of 1 kg of maternal live weight above maintenance and 

pregnancy (i.e. HA of 17.1 to 22.5 kg DM/cow/day). 

The cows provided individual records of their daily liveweight gain (LWG, kg/cow), total 

liveweight gain (.6.L W) and total condition score change (.6.CS) achieved during the 41-

day experimental period. Group average herbage dry matter intake (DMI) and herbage 

DM allowance were calculated for each treatment group from herbage mass (HM) 

assessed by cutting-washing-drying and weighing, and by means of two calibration 

equations, one for each level of feeding, relating HM to the average of 30 plate meter 

readings (PMR) taken every day before and after grazing. These two calibration equations 

were: 

(1) for the ad libitum level of feeding: 

HM (kg DM/ha) = 764.0 (s.e. 212.0) + 158.0 (s.e. 12.7) * PMR 

(r = 0.98; CV= 24%; r.s.d. = 548 kg DM), and 

(2) for the maintenance fed cows: 

HM (kg DM/ha) = 171.0 (s.e. 3.5) * PMR 

(r = 0.98; CV = 21.6%; r.s.d. = 442 kg DM). 
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The energy content of the herbage (MJ ME/kg DM) apparently grazed by the cows and 

their metabolizable energy intake (MEI) were calculated from the in vitro digestibility 

analyses of pasture samples plucked randomly from each of the grazing areas. Least 

squares means were calculated for group average herbage dry matter intake (DMI), 

herbage DM allowance (HA), metabolizable energy intake (MEI), and for the variables 

derived from the animals' performance (&W, LWG, �CS) and differences between levels 

of feeding and size-groups were tested for significance using analysis of variance. 

Differences in average live weight between the three size-groups were highly significant 

(P<O.OOl ) throughout the experimental period (i.e. BF = 552 kg; SF = 442 kg; J ="= 377 

kg). Heavier cows had: (1) significantly higher daily herbage DM allowances (BF, 16.7; 

SF, 14.4; J, 12.4 kg/cow/day); (2) higher daily DMI (B F, 10.2; SF, 8.6; J, 7.5 

kg/cow/day); (3) higher MEI (BF, 117; SF, 100; J, 87 MJ/cow/day), and (4) lower 

stocking densities (BF, 240; SF, 262; J, 305 cows/ha/24 hours). However, when HA, DMI 

and MEI where expressed on a metabolic weight basis, none of these variables were 

significantly different between the three size-groups. 

From the least squares means of LWG ,  �CS, DMI and MEI calculated for each 

treatment group, feed requirements for zero �CS or maintenance (i.e. MEm) and feed 

requirements for bCS were calculated by means of linear regression analyses. The MEm 

calculated pooling the three size-groups was 0.648 MJ MEILW0·75/day for zero �CS; and 

an average intake of 167 kg DM or 1986 MJ ME'Jcow above maintenance was required 

for the gain of one condition score unit/cow during the 41 days of experimental period, 

which was equivalent to a total liveweight change of 52.7 kg/cow. From these estimates 

it was calculated that cows heavier by 100 kg required an extra intake for maintenance 

of 10.5 MJ ME/cow/day or about 0.95 kg herbage dry matter intake/cow/day. The results 

of the present experiment were used to assess the effect of farming large-size cattle on 

the productive efficiency of pasture-based dairy systems. 
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Chapter 1 

Introduction 

Dairy fanning in New Zealand is one the most important agricultural-based industries. 

About 80% of the total milk annually produced in the country is exported as processed 

milk products, earning about 2 1 %  of the export receipts. This strong dependence on the 

export market requires a competitive dairy industry based on low-cost dairying systems. 

The New Zealand low-cost dairying system is the result of a temperate climate with mild 

winters that allows high quality temperate pastures to grow all year round, the almost 

exclusive use of grazed pastures as the main source of feed, and the high number of cows 

managed per labour unit (Bryant, 1 990) . 

The dependence on grazed pasture determines that milk production is seasonal, and about 

95% of the 14,700 dairy herds in the country calve their cows in late winter-early spring 

(Maughan & Holmes, 1992). The aims of such a seasonal system are to match as closely 

as possible cow requirements with pasture growth, and also to 'harvest' through the 

grazing cow as much of the pasture grown per unit area as possible. By doing this, the 

dairy fanner aims to achieve, at the lowest possible cost, the highest output per unit area 

of land and the highest output per labour unit. 

This very simple but successful philosophy to achieve high output per unit area of 

farmland, was first suggested by McMeekan more than 35 years ago (McMeekan, 1956). 

He stated that, 'for pasture-based dairying systems, the main determinants of high output 

per hectare are pasture productivity, stocking rate and cow quality'. The components of 

pasture productivity are the total amount of dry matter grown per unit area, its content of 

energy and protein, and its seasonal pattern of growth, that should match as closely as 

possible the seasonal pattern of feed requirements of the dairy herd. Stocking rate or the 

number of cows/ha of grazed pasture/year has its main influence on how much of the feed 

grown is actually harvested, and as such is a powerful management tool to increase 
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overall farm productivity. Cow quality is mainly concerned with the efficiency with which 

the dairy cow transforms the feed eaten into milk. For the New Zealand dairy system the 

main determinants of cow quality are the cow's genetic merit for the production of milk 

and milk components, and its body size (L.I .C. 1991) .  Cow body size is a common 

component of both stocking rate and individual cow efficiency, and as such it has a direct 

effect on overall farm productivity. 

Cow body size, and particularly its live weight, can directly affect cow feed efficiency 

through the amount of feed directed to meet maintenance (Wallace, 1956 b; Holmes, 

1993). Larger cows tend to produce more milk because live weight is positively correlated 

both genetically (Ahlborn & Dempfle, 1992; Hooven et al. , 1968) and phenotypically 

(Hooven et al. , 1968; Sieber et al. , 1988) with milk yield. However, due to their higher 

live weight, larger cows also need more feed to meet their maintenance requirements. 

Thus selecting solely on the basis of high milk yield may bring about a correlated increase 

in the cow's average live weight and, through this, to the production of less feed-efficient 

cows (Yerex et al. , 1988). 

For the New Zealand pasture-based dairy production system, increased cow live weight 

would be associated with a negative effect on overall farm profitability, mainly due to a 

reduction in the stocking rate and the number of animals available for sale (L.l.C. , 1 99 1  ). 

Thus, assessing the extent to which increases in cow live weight affect the amount of 

feed directed to meet maintenance is an important issue for such pasture-based dairy 

system. The experiment reported here had the main objective of assessing the effect of 

differences in live weight on feed requirements of pregnant, non-lactating, grazing dairy 

cows. Additionally, the information generated in the experiment was also used to assess 

the effect of an extra 1 00  kg live weight on cow feed requirements for maintenance, 

average farm stocking rate, and on the amount of extra pasture required on farms stocked 

with heavier cows. 
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Chapter 2 

L iterature review 

2.1 . The energy content of pasture. 

The grazing cow uses the nutrients from the feed to meet its requirements for maintenance 

of body functions, the construction of body tissues, the synthesis of milk and for 

conversion to mechanical energy used for walking and other activities related to the 

grazing situation. All these functions require energy, and when the requirements of energy 

are met it is usually assumed that other needs (protein, minerals and vitamins) are also 

met (Geenty & Rattray, 1987; Holmes & Wilson, 1987). 

The gross energy contents of many different forages are similar, averaging about 18.4 

MJ/kg DM (C.S.I.R.O., 1990). Some of this energy is lost as faeces, and the remaining 

digestible energy (DE), which is proportional to the digestibility of the herbage consumed, 

is converted into metabolizable energy (ME) after an average loss of about 18 to 19% of 

DE as urine and methane (Holmes & Wilson, 1987). Thus, the energy value of forage 

feeds can be expressed by their ability to supply usable energy for the different body 

functions. This is often called the amount of megajoules (MJ) of metabolizable energy 

(ME) per kg of dry matter (DM), measured at a level of feeding equivalent to 

maintenance, and is designated as the MID value (Geenty & Rattray, 1987). This energy 

value, however, does not consider the functions for which energy is used (i.e. lactation, 

pregnancy, growth and fattening). It is calculated as, 

ME (MJ/kg DM) = Gross energy - (Faeces energy + Urine energy + Methane energy) . .  2. 1 

Describing the energy value of each feed or diet by a single ME value, i.e. MID at 

maintenance, might lead to inaccuracies when these figures are used in calculating the 

maintenance requirements of cows fed at levels of feeding well above maintenance 
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(A.R.C., 1 9 80; Holmes & Wilson, 1987).  This is because higher levels of feeding often 

lead to higher rumen outputs, higher heat production, a decrease in apparent digestibility 

and a reduction in methane production (A.R.C. , 1980; Trigg et al., 1980; Grainger et al., 

1 985). 

2.2. Some conversion factors to assess the energy content of pasture. 

Throughout the development of this review it was necessary to use some conversion 

factors to obtain the MID value of the feed and to express the information from the 

literature on a common basis as much as possible. The following section more fully 

describes some of these conversion factors. 

The MID value of the feed divided by its gross energy content constitutes what is referred 

to as the Metabolizability (q) of the gross energy of the feed. Metabolizability values 

calculated at maintenance are denoted as qm, and as qL at any feeding level (ARC, 

1 980) . Metabolizability values can be derived from organic matter digestibility (OMD, %) 

values by using the following equation (I.N.R.A. ,  1 978;  cited by Ketelaars & Tolkamp, 

1 992) : 

q = 0.009 l*OMD - 0.086 (r = 0.995, r.s.d. = 0.004) . . . .  2.2 

A common situation, however, is that of having only dry matter digesi '�ility (DMD, %) 

values. Under these circumstances, OMD(%) can be calculated from the following 

equation (Ketelaars & Tolkamp, 1992): 

OMD(%)=1 .01 *DMD+ 1 .69 (r = 0.98, r.s.d.=1 .06) . . . .  2.3 

Metabolizability values can be converted to metabolizable energy concentrations (i.e. the 

MID values of the feed) by multiplying them by 1 8.4 (A.R.C, 1980; C.S.I.R.O. , 1 990), 

1.e. 

ME (MJ/kg DM) = 18.4*q . . . . .  2.4 
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Geenty and Rattt·ay ( 1 987) made use of an alternative set of equations given by MAFF 

( 1984) to estimate the MID value of pastures. This approach uses the usual DMD(%) and 

OMD(%) values of the pasture and also a third parameter denoted as Organic-matter 

digestibility of dry-matter (DOMD), which is calculated as: 

(Feed OM - Faect:s OM) 
DOMD(o/o) = - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . . . .  2.5 

Feed DM 

If DOMD is not known, it can be calculated from either of the following two equations : 

DOMD = 0.98*DMD - 4.8 . . . . . .  2.6 

DOMD = 0.92*0MD - 1 .2 . . . . . .  2.7 

And the MID value of the pasture can then be calculated as : 

MID = 0. 1 6  DOMD . . . . . .  2.8 

Table 2. 1 summarizes some estimations of the energy content of the feed related to some 

measurements of herbage digestibility. The averages obtained were equivalent to 10.8 MJ 

ME/kg herbage dry matter (DM), 1 5 . 2  MJ ME/kg herbage digestible dry matter (DDM), 

and a fairly representative average of 1 5.7 MJ ME/kg digestible organic matter (DOM). 
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Table 2.1 . Some estimates of the concentration of metabolizable energy (MJ/kg) in the feed as 
reported by several authors in the literature. 

Source 

B laxter & Grabam, 1 956 

Jaguscb & Coop, 1971 

Joyce, 1971 

Joyce et al., 1975 

Hutton, I963 

Hutton, I97I 

Lambourne & Reardon, 1 962 

Langlands et al. ,  I 963 

Geenty and Rattray, 1987 

Van Es, I978 

Mean ± Standard Deviation (S.D.)6 
Coefficient of variation (C. V., %) 

1 DOM : otgeatlble Organic M8nar; 
2 

OM " Dry u.tter; . 
3 DDM=Dtgeoable Dry u.tter; 
4 ocp,. otgeoable Crude Prot.ln; 

Unit of reference and type of pasture MJ ME 

1 kg DOM1 of chopped dried grass. 1 5.0 

1 kg DOM of ryegrass-wbite clover pasture 15 .5  
1 k g  DM2 o f  ryegrass-white clover pasture 10.5 

1 kg DM of ryegrass-white clover pasture. 1 0.9 
I kg DOM of ryegrass-white clover pasture. I 6.7 

I kg DDM3 of ryegrass-white clover pasture. I 5 .2 
1 kg DOM of ryegrass-white clover pasture. I 5 .9 

I kg DOM of ryegrass-white clover pasture. I 5 .9 

I kg DM of ryegrass-white clover pasture. 1 0.9 

I kg DOM of Plwlaris tuberosa-white clover I 6.7 

I kg DOM of perennial rye grass pasture. I 5  .2 

I kg DOM of ryegra�s-white clover pasture I 5 .6 

(i) I kg DOM of forages with low protein content 1 5 . 1  

(i.e. DOMIDCI"' > 7), such as green fodders, 
conserved green foclders but not roots, tubers, 
straw or chaff. 

(ii) I kg DOM maize silage 1 5.5 

MJ ME.Ikg DOM 

1 5 .7±0.63 (9) 
4.0 

MJ ME.Ikg DM MJ ME.Ikg ODM 

I 0.8±0.23 (3) I 5 .2 ( 1 )  
9.2 

5 WIU>oul conal<lertng In - c.lculoillon - ftgure given for IMize ollage; 

6 In briiCiotto - number of ..-v1111one to Clllcu&.- - .,_,_ 

As it would be expected the values calculated in Table 2. 1 may change according to 

season of the year and botanical composition of the pasture; the estimates, however, 

appear to be very consistent and can be taken as representatives of the energetic content 

of the pasture. These averages can then be used along with an estimate of the daily 

herbage intake to calculate the intake of ME. The following section describes some of the 

methods used to assess the daily herbage intake by free grazing ruminants. 
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2.3. Estimation of herbage intake by grazing cattle. 

The herbage intake of grazing ruminants can be assessed by using indigestible markers 

like chromium oxide (Cr203) to assess the daily faecal output of individual animals 

(Parker et al. , 1 989), or by assessing the amount of herbage mass (HM) (kg DM/ha) 

present before and after grazing, either by means of the sward technique (Meijs et al., 

1982) or by means of indirect methods of pasture assessment (Holmes, 1974; Stockdale 

& Kelly, 1984; Vickery et al., 1 980; Vickery & Nicol, 1982). Some details of these two 

methods are reviewed in the following section. 

2 .3.1 . Herbage intake assessed from faecal output. 

The estimation of individual herbage intake by free grazing cows can be accomplished by 

assessing their daily faecal output (FO). This can be achieved by measuring the total dai ly 

FO by the animal or by measuring the concentration of an indigestible marker in the 

faeces, and then calculating the feed intake from FO and an estimate of the digestibility 

of the herbage eaten. Herbage intake (I) is then calculated by manipulating the 

digestibility relationship as shown below (Le Du & Penning, 1982): 

Intake (I) - Faecal output (FO) 
Herbage digestibility (D) =----------------------------------------- . . . . . . . . . . . . . . . . .  2 .9 

Intake (I) 

FO 
I = ------------ . . . . . . . . . . . . . . . . . 2. 1 0  

( 1 -D) 

From equation 2.1 0, it is clear that an accurate estimation of herbage intake will depend 

on accurate estimation of FO and D. An error in estimating FO leads to an equivalent 

error in I, but errors in the determination of D lead to proportionally larger errors in (1-D) 

and consequently in intake (Parker et al., 1 990). Some of the methods to assess FO and 

D are described below: 
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2.3.1 .1 . Methods to estimate daily faecal output. 

i) Total faeces collection. 

Total faeces collection can be measured by harnessing animals and fitting them with bags 

to collect all the faeces voided. This method gives an unbiased estimate of total faeces 

produced provided none are lost. The simplicity of this method is often overridden by the 

high requirements of labour and the possible adverse effect of poorly designed harnesses 

on the animal's grazing behaviour (Le Du & Penning, 1 982) .  A less labour demanding 

method consists on assessing the daily FO of animal dosed with an indigestible marker, 

as described below: 

i i )  Use of indigestible markers. 

The use of faecal markers to predict intake relies on the estimation of faecal output and 

on assumptions about the digestibility of the feed consumed (Parker et al. , 1992). Daily 

faecal output of free grazing animals can be estimated by dosing them with a known 

amount of an indigestible marker and assessing its concentration in the faeces voided. 

Although there are available several external markers used to estimate the daily faecal 

output of free grazing ruminants, the ideal marker to estimate it should have the 

following characteristics (Raymond & Minson, 1 955): 

i) It should be quantitatively recovered in the faeces (i .e. neither absorbed nor 

abnormally retained in the digestive tract); 

ii) It should be non-toxic; 

ii i)  It should be readily analyzed by physical or chemical methods; 

iv) It should be present only in small amounts in the original diet. 

Chromium oxide (Cr203) has been used extensively as the preferred external m arker to 

estimate daily FO. It can be administered by means of different carriers : ( 1 )  in gelatin 
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capsules (or pills) containing 1 g or 10 g Cr203 in an oil base (Le Du & Penning, 1982); 

(2) in paper impregnated with known quantities of Cr203 (Corbett et al. , 1958);  (3) 

incorporated into a known quantity of feed (usually concentrate) individually offered to 

the animal (Greenhalgh et al. , 1966), and (4) in controlled-release devices, such as 

controlled release capsules (CRC) (Parker et a/. , 1989; Brandyberry et al. , 199 1).  

When Cr203 is administered in discrete doses as in the first three options listed above, its 

concentration in the faeces may show considerable diurnal fluctuations (Lee et al., 1990). 

This has lead to the convention of allowing a preliminary dosing period of 7 days to 

ensure a steady state of the marker in the rumen before faecal sampling (Le Du & 

Penning, 1982), and dosing of the animals at approximately 8 and 16-hour intervals and 

faeces samples taken at the same time over at least a 5-day period (Lambourne, 1957). 

Daily faecal output can then be estimated from the following relationship (Le Du & 

Penning, 1982) : 

Weight of marker given (g/day) x RR 
FO (g/day) = - - - - ---------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . . 2. 1 1  

Mean concentration of marker in faeces (g /g faeces DM) 

where RR is the recovery rate of the marker, which is calculated as: 

Total weight of the marker excreted in faeces (g) 100 
RR (o/o) =---------------------------- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X ---------- . . . . . 2. 1 2  

Total weight of marker given (g) 

From experiments reported in the literature which included cattle and sheep, and that used 

chromium oxide (Cr203) as the indigestible marker, different types of feed, types of 

carriers for Cr203, preliminary dosing periods and frequencies of dosing and sampling, 

Le Du & Penning ( 1982) found the mean RR to be 96.5% (S .D. ± 5 .6), which is similar 

to the 95-98% range in Cr203 recovery rates suggested by Parker et al ( 1990). From 

these results, and assuming that 100% of the chromium administered to the animal is 

recovered, a recovery factor of 1 .042 is therefore suggested (Parker et al., 1 990). 
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Controlled-release capsules (CRC), which provide for continuous and uniform delivery of 

the indigestible marker Cr2 03 into the rumen, can minimise the excessive diurnal 

variation of faecal Cr2 03 excretion associated with once-a-day or twice-a-day · pulse 

dosing procedures (Brandyberry et al. , 1 99 1 ;  Parker et al. , 1 989). CRC also gives greater 

flexibility for time sampling, reducing considerably the requirements of labour (Lee et 

al. , 1992; Parker et al. , 1 990). When controlled-release devices such as CRC are used to 

deliver Cr2 03 into the animal ' s  rumen, the marker reaches a steady state 5-8 days after 

its administration (Parker et al., 1990). However, for practical purposes it is suggested that 

collection of faecal samples for intake determinations should start after the 8th day of the 

CRC insertion (Parker et al., 1989). FO is then calculated from the following equation 

(Parker et al. , 1990): 

R 
FO = -------------- . . . . . . . 2. 1 3  

c X CF 

where FO is faecal dry matter output (g/day);  R is the expected daily release rate of 

chromium from the CRC (g Cr/day), C is the concentration of chromium in faecal dry 

matter (g Cr/g faeces DM), and CF is a recovery correction factor which, as stated before, 

is taken to be 1 .042 for controlled release capsules (Parker et al., 1 990). 

2.3.1 .2. Accuracy of Cr203 In est imating faecal output. 

Le Du & Penning ( 1982) reviewed experiments from the literature where total faecal 

output, estimated from administering Cr203 via procedures other than the use of 

controlled release capsules (i.e. in gelatin capsules, paper impregnated with chromium, 

chromium mixed with the supplement, etc.), was compared with the faecal output actually 

measured; they found the Cr203 faecal output estimate to be 96. 1 %  (S.D.±6.2) of that 

actually measured. They concluded that using Cr203 as an indigestible marker will on 

average estimate faecal output to within 6%. Carruthers & Bryant ( 1 983)  administered 

twice a day 10  g Cr203 in a gelatin capsule to lactating dairy cows fed fresh cut pasture 

indoors, and sampled their faeces at the time of dosing. They found that FO calculated 

from the concentration of Cr203 in faeces overestimated actual intake by about 1 4%. 
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Reports regarding the accuracy of faecal output estimates derived via controlled-release 

Cr203 capsules (CRC) have been contradictory. Reasonably accurate estimates of faecal 

output were obtained when Cr203 was administered via CRC (Barlow et al. , 1 988; Laby 

et al., 1 984; Momont et al., 1 980). However, Cr203 administered in this way was found 

to overestimate actual faecal output by sheep (Buntinx et al. , 1 990) and beef steers 

(Brandyberry et al. , 199 1 ) . In the latter study, Brandyberry et al. ( 199 1 )  compared 

different methods of continuous marker administration and different external markers for 

estimating FO of fistulated crossbred steers fed near maintenance. Faecal output, 

estimated from the continuous administration of cobalt (Co-EDT A) or Ytterbium (YbC13) 

using a portable peristaltic-infusion pump, was not different from total faecal collection. 

In contrast, FO estimates obtained from the Cr203 delivered via CRC were greater than 

those obtained by total faecal collection. 

2 .3.1 .3. Estimation of herbage digestib i l ity. 

Direct estimation of herbage digestibility in vivo is not possible with free grazing 

ruminants and, as a result, a number of indirect methods have been developed. From 

the large number of methods available, the in vitro procedures are, at the present time, 

the most accurate and the most widely used. The major difficulty associated with each 

of these procedures, however, is the initial selection of the herbage and the accuracy with 

which it represents that actually consumed by the grazing animal (Le Du & Penning, 

1982) . The success of the in vitro techniques rests, therefore, upon the adequacy of the 

herbage sampling methods. Herbage samples can be collected either by hand plucking or 

by the collection of extrusa from oesophageal fistulated animals. Both procedures require 

the collection of samples at a number of points through the grazing period to ensure the 

material collected is representative of that being eaten (Le Du & Penning, 1982) . 
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2.3.2. Herbage Intake assessed by sward methods. 

Herbage intake assessed by measuring the sward can be accomplished by using the 

following general relationship (Meijs et al., 1982) : 

Herbage intake = herbage offered (PHM) - herbage refused (RHM ) . . . . . . 2.14  

This relationship can be assessed by measuring the following variables: 

(a) the amount of herbage dry matter (DM) yield per unit area before grazing 

(kg/ha) or pre-grazing herbage mass (PHM); 

(b) the amount of herbage DM remaining immediately after grazing (kg/ha)or 

post-grazing herbage mass (RHM), and 

(c) the amount of herbage DM yield per unit area in areas protected from 

grazing at the end of a grazing period (HMc,e ) .  

The latter measurement (HMc,e) is taken to correct for the growth taking place during the 

grazing period (if it is more than one day). Individual intakes can only be assessed when 

animals are kept in individual plots. However, to obtain a normal pattern of grazing 

behaviour and to reduce the labour requirement, intake studies are usually carried out with 

groups of animals (Le Du & Penning, 1 982). An additional advantage of this method is 

that without extra labour requirement, it also provides information on: ( 1 )  herbage mass 

(i.e. total mass of herbage per unit area of ground); (2) herbage allowance (i.e. the weight 

of herbage per unit of animal live weight), and (3) the efficiency of grazing (i.e. herbage 

consumed expressed as a proportion of the herbage accumulated). 

Pre- and post-grazing herbage mass can be measured by using either direct or indirect 

methods. The direct method requires cutting-washing-drying-weighing of a known area 

of the pasture. The indirect methods include: ( 1 )  eye estimation, (2) sward height and/or 

density measurements (Meijs  et al., 1 982), and (3) the measure of one or more non

vegetative attributes of the plant, such as capacitance (Vickery et al., 1980; Vickery & 

Nicol, 1 982). These methods measure one or more attributes of the sward (eg. height, 
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density, etc.) in the grazing area before and after grazing and predict herbage mass with 

a regression equation. They also require some sample cuts to correlate with, and to obtain 

the appropriate calibration equation. A brief description of these methods is given below 

(Meijs et al. , 1982) : 

2.3.2.1 . Measurements of sward height and density. 

Herbage mass is estimated from the separate measurements of height and/or density after 

having first calibrated these parameters against actual herbage mass by cutting and 

weighing. Height is normally defined as maximum or mean height and is measured by 

a ruler. Density is defined as percentage of ground cover and is estimated by point quadrat 

or visual appraisal (Meijs et al., 1982). Alternatively, a rising plate meter can be used 

which provides an integrated measurement of height and density, and in this case a 

calibration equation is also needed (Holmes, 1974; Stockdale & Kelly, 1984; Earle & 

McGowan, 1979). 

2.3.2.2. Measurements of non-vegetative attributes of the sward. 

Herbage mass can be estimated from non-vegetative plant attributes such as capacitance, 

after having first calibrated the respective parameter with actual herbage mass by cutting, 

washing, drying and weighing.  The meter (pasture probe) measures the change in 

capacitance caused by introducing vegetation into a capacitance system (Vickery et al., 

1 980; Vickery & Nicol, 1 982) . Ideally this change in capacitance should be proportional 

to herbage mass. 
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2.4. Feed requ i rements of dairy cows. 

The following section reviews the information on the feed requirements of dairy cattle 

obtained by means of energy balances (EB ), stall feeding trials, and grazing experiments. 

Feed requirements are expressed as MJ ME!L W·75 and are for maintenance, liveweight 

gain and pregnancy. 

2.4.1 .  Maintenance requirements. 

Maintenance is the state of the animal in which there is neither a net gain nor a loss of body 

energy in its tissues (or milk, or the products of conception). At an ME intake of maintenance 

(:MEm), all ME is oxidised to support essential body functions and :MEm equals heat production 

(Geenty & Rattray, 1 987; Holmes & Wilson, 1 987). Maintenance requirements of energy are 

estimates of the amount of ME required to achieve such an equilibrium. 

2 .4. 1 .1 . M Em assessed by energy balance trials (calorlmetry). 

The maintenance requirement of a ruminant animal for metabolisable energy can be estimated by 

means of energy balance (EB) trials either using linear regression of EB on MEI (Moe et al. , 

1 970; Tyrrell et al. ,  1 970; Grainger et al. , 1985) or using information on Fasting metabolism (FM) 

and the efficiency of utilization of dietary ME for maintenance purposes (""') (A.R.C., 1980). 

A. M �  estimated from fasting metabolism data. 

This is the approach followed in the A.R.C. ( 1 980) publication. It consists of using both an 

estimate of the FHP of an animal fasted and kept in a thermo-neutral environment in a 

calorimeter, which is taken as the net energy required for maintenance, and an estimate of k.r,. 

Taking this information together, metabolizable energy for maintenance (�) can then be 

calculated as: 
FHP 

MEm =------- . . . . . .  2. 15 

k.n 
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I )  Fasting metabol ism. 

Fasting metabolism corresponds to the amount of heat produced (MJ/day) by a fasted 

animal kept in standard conditions. It is composed of the fasting heat production (FHP), 

which represents the minimum energy required (MJ/day) for maintaining essential body 

functions. These include service functions like circulation, excretion, respiration, etc . ,  and 

those related to cell maintenance like ion transport and protein and lipid turnover 

(A.R.C., 1 980; C.S .I.R.O., 1990; Holmes & Wilson, 1987). For practical purposes, fasting 

metabolism for cattle can be derived from the animals live weight, by means of the 

following equation (A.R.C., 1980): 

FM = 0.53 FW·67• • • • • •  2. 1 6  

where FM is fasting metabolism (MJ/day) and FW i s  the animal' s  fasted live weight (kg).  

Following A.R.C. (1980), FW is calculated from live weight (LW) as: 

FW = L W/1.053 . . . . . .2. 1 7 

MAFF ( 1984) relates FM to the animal ' s  live weight by means of the following general 

equation for growing cattle: 

FM = 5.67 + 0.06 1 LW . . . . .  2.1 8  

I n  addition, this equation normally requires an extra allowance of about 1 0% of the fasting 

metabolism to allow for physical activity. In practice however, fasting metabolism, and 

therefore the ME required for maintenance, is affected by length of fast, previous plane 

of nutrition, season, age, light, species, breed, environmental temperature, sex, 

·
physiological state and body size (Flan & Coppock, 1 965). Although larger animals have 

higher fasting metabolism and therefore higher maintenance requirements, the relationship 

is not linear, and it is conventional to express fasting metabolism in terms of the animal 's  

metabolic weight, i.e. live weight raised to the 0. 7 5 power (Kleiber, 1 96 1 ,  1 965). 

Expressed in this way, fasting metabolism does increase in direct proportion to metabolic 

weight (Geenty & Rattray, 1987). 
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i i )  Efficiency of utilization of MEm (kJ. 

The efficiency of utilization of ME for maintenance (km) can be regarded as the 

efficiency with which nutrients from the feed replace body fat and protein as a source of 

energy for maintenance. This efficiency term is affected by factors associated with 

different attributes of the feed (Holmes & Wilson, 1987) and by the level of feeding at 

which � is assessed (A.R.C., 1980). For instance, Factors like the digestibility and 

nitrogen content of the feed and the amount and relative proportion of end products of 

rumen digestion (i.e. volatile fatty acids, microbial protein, undegraded protein) directly 

affect: (a) the energy costs associated with the muscular work required for the propulsion 

of food through the gastrointestinal tract; (b) the efficiency of energy capture from 

different patterns of absorbed nutrients, and (c) the energy costs associated with protein 

breakdown and excretion (Holmes & Wilson, 1987). 

In practice, � can be calculated from attributes of the feed by means of the equations 

summarized in Table 2.2.As a way of comparing these equations for predicting the km 

value of pastures, values of dry matter digestibility of 80% (Ulyatt, 198 1) ,  crude protein 

of 24% (Holmes & Wilson, 1987), and organic matter content of the dry matter of 92% 

(Blaxter & Graham, 1956; Cox et al. , 1956; Holmes & Jones, 1965) were assumed for a 

typical ryegrass-white clover spring pasture. The corresponding values of digestible 

organic matter (DOM, %), digestible crude protein (DCP, %) and metabolizability (q) 

were obtained by using the appropriate equation (see Section 2.2). The equations 

produced very similar results and all the values grouped around a mean km value of 

0.73±0.02, which is virtually the same as that obtained by applying the equation given 

by A.R.C. ( 1980). The equation given by Tolkamp & Ketelaars ( 1992) yielded the 

lowest value. 



Table 2.2. Generalised Equations for predicting km from attributes of the feed. 

Source 

A.R.C., 1965 
A.R.C . •  1980 
Blaxter, 1 9891 
C.S .I.R.O., 1 990 
Tolkamp & Ketelaars, 1 992 
Van Es, 1 975 

Mean ± S.D. 
c.v. (%) 

1 P = protein content ot the organic INttw (!jlkg� 

Equation predicting ky, 

ky, = 0.30*q + 0.546 
ky, = 0.35*q + 0.503 
ky, = 0.947 - 0.0001 0(P/q) - 0.128/q 
ky, = 0.02*M/D + 0.500 
ky, = 0.207*q + 0.560 
ky, = 0.287*q + 0.554 

Predicted 
ky, value 

0.745 
0.735 
0.7 1 5  
0.744 
0.697 
0.744 

0.73±0.02 
2.7 
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Equation 
number 

2. 1 9  
2.20 
2.21 
2.22 
2.23 
2.24 

From the km values predicted by these equations, it is clear that efficiency of util ization 

of metabolizabie energy for maintenance (km) is relatively high. Holmes & Wilson ( 1 987) 

give a � value of 0.73 as a representative average, which is consistent with both the 

average calculated from Table 2.2 and that calculated by applying the equation given by 

A.R.C. ( 1980). With the exception of Blaxter' s equation (Blaxter, 1 989), none of the 

equations given in Table 2.2 for predicting the km value of the feed considers the 

different energy costs associated with differing values of crude protein in the diet. In this 

respect, at least for sheep and beef cattle, there is evidence (Geenty & Rattray, 1 987) that 

their maintenance requirements are increased by about 20% when they are fed on high 

crude protein diets (20-30% v 1 0- 1 2% CP). This increase is apparently because dietary 

protein is less efficiently used for energy production but also due to the high energy cost 

of converting excess protein to urea excreted in the urine. 

i i i) Calculated MEm for dry cows of d ifferent live weight. 

Table 2.3 compares equations 2. 16 and 2. 1 8  given above to estimate the fasting 

metabolism from live weight data. Dry pregnant cows differing in live weight by about 

100 kg were assumed for this example. Both the A.R.C. ( 1980) and the MAFF ( 1984) 

equations yield higher FM as the cow's live weight increases. The calculated MEm 

increased as the cow's live weight increased only when the MAFF ( 1984) equation was 
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used, and exactly the contrary occurred when the A.R.C. ( 1 980) equation was used to 

derive the estimated FM. 

Table 2.3. MEm for dry pregnant cows of different body size (live weight) calculated using fasting 
metabolism equations. 

Cows' 
live weight 
(kg) 

377 

442 

552 

Equation used to estimate fasting metabolism' 

(1) FM=5.,7+0.061LW 
U7 (2) FM=0.53FW 

EaUmated 1aaUng metllboUam (MJ/cow/day) 
28.7 

32.6 

39.3 

27.3 

30.3 

35.2 

Estimated ME., (MJ/L W0·75/day) 
assuming a k, = 0.73. 
( 1) 

0.459 

0.464 

0.473 

(2) 

0.453 

0.448 

0.440 

The c:.lculatlona do not lndude ., lllo-.oe lna- due to IICI!vlty. 

B. M Em estimated by regression analyses. 

An estimate of the M� can also be calculated by using either simple or multiple linear 

regression analyses of metabolizable energy intake (MEI) on energy balance (EB), or by 

the inverse regression (Moe et al., 1 970). By using this approach, total d ietary energy 

intake (MEI) is expressed as MJ MEILW 75/day, energy balance (EB) is given as milk 

energy yield (YE) ( if  the cow is  lactating) plus body tissue energy change [positive (TEG) 

or negative (TEL)] , and metabolic weight is given as body weight in kilograms raised to 

the 0.75 power (LW0·75) .  The model equations describing the relationship between EB and 

MEI, and metabolic weight as an scaling factor are developed as follows : If ME intake 

(MEI, MJ MEJLW0·75/day) and energy balance (EB, MJ ME/LW0·75/day) are known, the 

relationship between the two variables can be expressed by the following equations 

(A.R.C., 1 980; Moe et al. ,  1970) : 

EB/L W0·75 = b1 (MEIIL W0·75 ) - a . . . . . . . .  2.25 

MEIILW0·75 = (1/b, ) (EB/LW0·75} + a . . . . . . 2.26 

MEIIL W0·75 = (llb,) EB + b2L W0·75 • • • • • • • 2.27 



--

19 

where b1 i s  the efficiency with which dietary ME is used for body energy synthesis (when 

the cow is non-lactating) or for milk and tissue energy synthesis (when the cow is 

lactating); a and a are intercepts; and maintenance (i.e. when EB = 0) is  given by a/b1 ,  

a or b2 in equations 2.25,  2 .26 and 2 .27, respectively. Whichever equation is used, the 

values obtained for b1 and the maintenance requirement of metabolizable energy by 

u sing these three regression models will agree only if the variable being used as the 

independent variable is free of error (A.R.C., 1 980) . However, this is unlikely to happen 

due to the very many sources of error involved in the determination of both energy 

retention and metabolizable energy intake. Nevertheless, regression analysis to partition 

the intake of energy into the different body functions seems to be the most appropriate 

(Moe et al. , 1 972). 

I )  MEm for non-lactating cows. 

Table 2 .4 summarizes some estimates of ME (MJ) required for maintenance of non

lactating dairy cows obtained in experiments of energy balance trials and analyzed by 

means of regression analyses. On average about 0.597 MJ ME/kg L W0·75 were required 

to meet the maintenance requirements of non-lactating cows. Both the mean and the 

variability of the sample were greatly increased by the high estimates reported by 

Grainger et al. (1985). 

These higher estimates might be the result of fresh pasture with high cru.:e protein content 

being the sole fed (Geenty & Rattray, 1987). Without considering these values the average 

maintenance requirement of non-lactating cows was about 0.459 MJ ME!LW·75/day, 

which is comparable to those presented in Table 2.3 obtained using the equations to derive 

fasting metabolism and km. 
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Table 2.4. MEm (MJ ME/LW0•75/day) for non-lactating dairy cows obtained by means of energy 
balance trials and using regression analyses. 
2----------------------------------------------------------

�� (MJ ME/L WJ-15 /d) Reference 

Grainger et al., 1 985 

Grainger et al. , 1978 

Moe et al . •  1 970 

Tyrrell et al . •  1970 

Mean ± S.D? 
c.v. (%) 

Experimental conditions and type of animal 

Pregnant-dry- Friesian cows fed on fresh cut ryegrass
clover pasture. Regression of EB;LWl·75 on MEI;LWl·75, 
EB adjusted by pregnancy: 

- High and low breeding index cows, 210-d pregnant. 
Energy required to mair:tain maternal live weight. 

- High and low breeding index cows, 230-d pregnant. 
Energy required to maintain maternal live weight. 

- High breeding index Friesian cows. Energy required 
for zero change in condition score. 

- Low breeding index Friesian cows. Energy required 
for zero change in condition score. 

Stall-fed dry pregnant cows (5th month of pregnancy), 
zero change in cow condition score. Regression of 
EB!LWl·75 on MEI!LWl·75• 

Energy balance trial of Holstein cows fed on concentrate:hay 
diets. Hay (alfalfa, bromegrass, orchardgrass or timothy) from 
20-30% of the ration. Maternal live weight change adjusted for 
pregnancy. Regression of MEI on LW·75 and body TEG: 

- Dry cows losing weight. 
- Dry cows gaining weight. 
- Dry cows either gaining or losing weight. 

EB trial with dry Holstein cows. Regression of EB on MEI 
LW·75, positive excess nitrogen (g/LWl75/day), and digestible 
energy content of the ration (Mcal./kg DM). 

0.597±0.17 (9)1 
28.0 

0.459±0.05 (5)2 
1 1 .8 

1 Conalderlng data given by Gralngar et el., 1885; 
� Without conalderlng the data of Gr�lnger et aL, 11185; 

In brackete the number of obaervattona uMd to calculate the ,.an. 

1 1 )  MEm for lactating cows. 

0.790 

0.800 

0.780 

0.7 10 

0.490 

0.428 
0.4 1 8  
0.420 

0.542 

A great deal of information on the maintenance requirements of dairy cattle assessed by 

means of EB trials ha£ been developed by the USA Department of Agriculture (Moe 

et al., 1 970; Moe & Flatt, 1 969; Tyrrell & Moe, 1 97 1 ) .  Table 2.5 summarizes some of 

this information along with some other estimates obtained under European conditions 
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(Bickel & Landis, 1978;  Van Es, 1974; Van Es, 1 975). The estimates obtained covered 

a wide range of conditions in  regard to cow age, stage of pregnancy, l ive weight, stage 

of lactation, level of m ilk production and diet composition, and can be regarded as a 

representative sample for calculating the MEm of lactating cows. From this sample of 

values, on average lactating cows required about 0.525 MJ MFJL W0 ·75/day to meet their 

maintenance requirements. 

Table 2.5. MEm (MJ ME/L W0·75/day) for lactating dairy cows obtained by means of EB trials and using 
regression analyses. 

Reference 

Bickel & Landis, 1978 

Ratt et al . ,  1969a 

Ratt et al.,  1969b 

Moe & Ratt, 1 969 

Moe et al. ,  1970 

Moe et al. , 1972 

Experimental conditions and 
type of animal 

Lactating cows fed at 2.38 times main tenance. Derivation 
of feeding standards. 

EB trial of lactating Holstein cows (0 to 251 days pregnant, 
436 to 509 kg LW, 24-52 months of age).  Regression of 
EB!LW0·'5 on MEIJLW0 75• Cows fed on: 
- Purified diets ( 15% crude protein, and q = 83%). 
- Natural ration ( 13 .4% crude protein, and q = 84%). 

EB trial, lactating Holstein cows (460-870 kg LW), fed on alfalfa: 
concentrate, proportions varying from 20:80 to 60:40: 
- Regression of EB/LW0 75 on ME1/LW 75. 
- Regression of MEI!LW·75 on EB/LW75. 

EB trials of lactating, non-pregnant Holstein cows losing LW: 
- Regression of MEI IL w·'5 on yElL w ?S and tissue EB/L w·'5• 
- Regression of YE!LW0·'5 on MEIILW 75 and tissue EB!LW0·'5. 

EB trial with lactating Holstein cows fed on concentrate:hay 
diets. Maternal LWG adjusted for pregnancy. Regression of MEI 
on L W0·'5, Y E• and body tissue energy: 
- Cows losing weight. 
- Cows gaining weight. 
- Cows either gaining or losing weight. 

EB of lactating Holstein cows, pooled results of 32 diets ranging 
from all forage to all concentrate: 
- EB corrected for tissue energy loss: 

. Regression of MEl on [Y E(c>J . 

. Regression of [Y E(c>) on MEI. 
- EB corrected for tissue energy loss and gain, excess nitrogen 

intake and pregnancy: 
Regression of MEI on [Y E(c>) . 

. Regression of [Y E(c>J on MEI. 

0.488 

0.508 
0.596 

0.590 
0.621 

0.573 
0.528 

0.535 
0.495 
0.5 1 1  

0.561 
0.503 

0.5 1 1  
0.466 
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Table 2.5. (Cont.) MEm (MJ ME/LW0"75/day) for lactating dairy cows obtained by means of EB trials and 
using regression analyses. 

Reference 

Tyrrell & Moe, 1 9 7 1  

Tyrrell e t  al. , 1 970 

Van Es, 1 974 

Van Es, 1 975 

Mean ± S .D. 
c.v. (%) 

Experimental conditions and 
type of animal 

EB trials with Holstein cows in early, mid and late lactation 
fed on high or low concentrate rations and maize silage. 
Data corrected for tissue energy change, pregnancy and 
nitrogen in excess of maintenance. Regression of Y E(JL W0·75 
on MEIJL W0·75 : 
- Ration with 70: 30 maize silage:concentrate. 
- Ration with 40:60 maize silage:concentrate. 

EB trial with lactating Holstein cows. Regression of EB on ME! 
(Meal), L W0·'5, positive or negative excess nitrogen (g/L W0·'5/day), 
and digestible energy (Meal/kg DM): 
- Cows consum ing negative excess nitrogen. 
- Cows consuming positive excess nitrogen. 

Lactating cows eating a diet with q=56%, fed at 2 .38 maintenance. 

Lactating cows, energy balance trials. Adjusted milk energy yield 
[YE cc> ] as the dependent, ME! as the independent variable. 
- Survey of world literature. 
- Long forage rations. 
- Long forages and pellets. 
- Fresh or frozen grass. 

2.4.1 .2. M Em calculated by means of stal l-feeding trials. 

0.464 
0.396 

0.69 1 
0.596 

0.443 

0.488 
0.494 
0.346 
0.674 

0.525±0.08 
1 5 .5 

S ome estimations of ME required for maintenance in dairy cattle obtained by stall-feeding 

trials are summarized in Table 2.6. Most of the data corresponds to trials carried out with 

non-lactating cows; however, some results obtained with lactating cows are also presented 

as they are relevant to the New Zealand conditions. From this sample of estimates, 

lactating cows had an average maintenance requirement of 0.85 1 MJ ME!LW·75/day, 

which was 52% higher than the 0.562 MJ MEfLW·75/day calculated for non-lactating 

cows managed under comparable conditions. A higher average MEm of about 0.802 MJ 

MEfLW·75/day was calculated from those reports where the cows were fed on pasture, 

compared with only 0.53 1 MJ ME!LW0·75/day calculated from those where cows were fed 

mixed diets. 
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Table 2.6. MEm (MJ MEIL W .. 75) or lactating and dry cows assessed by means or staU-reeding trials. 

Reference Experimental technique and type of animal (MJ ME!L W0·75/day) 

Byers et al., 1 985 

Gibb et al., 1977 

Holmes et al., 19931 

Hutton, 1 9621 

Hutton, 1 9621 

Hutton, 1 9621 

Wallace, 1961 1  

Mean ± S.D? 
c.v. (%) 

Mature stall-fed dry Holstein cows: 
- ME required for weight equilibrium. 
- ME required for energy equilibrium . 
Mature stall fed dry Jersey cows: 

- ME required for weight equilibrium. 
- ME for energy equilibrium. 

Stall-fed dry pregnant cows, zero change in LW. 

Lactating Friesian and Jersey cows differing in size, 
similar milk yield, fed on fresh cut grass: 
- MEl!LW0 75 = P1 Milk energy +P2 LW0 75+P3 LWG. 

. Friesians 

. Friesians and Jerseys 
- MEitLW0-'5 = a + P1 Milk energy +P2 LW0·'5+P

3 
LWG. 

. Friesian and Jerseys 

Dry Jersey cows fed on fresh cut pasture, zero change 
in LW (6 hr indoors and 1 8  hr either muzzled on a bare 
paddock or housed in  an open barn). Regression of 
DOMI = b1 LW0·73. 

Fully-fed dry Jersey cows on fresh cut pasture ( 1 2  hr 
indoors and 1 2  hr muzzled on a bare paddock). 
regression of DOMI = P1 LW0·'3+P2 LWG. 

Lactating crossbred Jersey cows fuU y-fed; stall fed on 
ryegrass-white clover fresh cut pasture. Regression of 
DOMI = PI FCM + p2 LW0·73 + p3 LWG. 

Lactating twin Jersey cows, stall-fed on fresh cut grass 
(part time outdoors): 

- Regression of OOMI = P1 FCM+P2 LW0-'3+ P
3 

LWG. 
- Regression of DOMI= P1 FCM+P2 L W0·73• 

Lactating cowa 

0.8 5 1 ±0. 1 9(4) 
23.0 

Dry cows 

0.562±0. 1 1 (7) 
20.3 

Pasture fed cows 

0.802±0.1 8(8) 
22.8 

I 2 AMumlng 1 kg OOM :15.& MJ ME (Geenty & Rattray, 1 1187). 

In bracuta the number of obaarvatlona uaed to calculate the mean. 

2.4.1 .3. M Em assessed by means of grazing trials .  

0.498 
0.484 

0.636 
0.588 

.4-.58 

0.6 1 0  
0.840 

1 .000 

0.535 

0.780 

1 .060 

0.702 
0.892 

Cowa fed mixed diets 
0.53 1 ±0.08(6) 
1 6.2 

In spite of providing conditions to obtain more accurate results in assessing the partition 

of ME intake, neither the energy balance trial nor the stall-feeding trial represent the 

actual conditions of grazing animals. The grazing animal has an extra expenditure of 
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energy mainly due to the grazing activity (Holmes & Wilson, 1 987). Average values 

regarding the energetic cost of activities related with the grazing situation are given in 

the following table (A.R.C., 1 980; C.S .I.R.O., 1 990) : 

Table 2.7. Energy costs above maintenance associated with the grazing activities 

Activity 

Standing compared with lying 
Walking (horizontal movement) 
Walking (vertical movement) 
Eating (ie. prehension and chewing) 
Ruminating 

Energy required/kg LW 

0.0 100 MJ/per day 
0.0020 MJ/km 
0.0280 MJ/km 
0.0025 MJ/hr 
0.0020 MJ/hr 

Under these circumstances it is likely that the free grazing ruminant will have higher 

maintenance requirements than those obtained for similar animals in the stall-feeding trial 

or the energy balance trial with the calorimeter. Thus, the grazing trial might represent 

more realistically the conditions under which the animal is expected to perform. However, 

its accuracy heavily rests on reliable assessments of the amount of daily herbage intake 

(see Section 2.3) and the ability to estimate changes in live weight without incurring 

great errors due to differences in gut fill. In addition, most of the grazing experiments 

make use of multiple regression techniques to partition the intake of ME into the different 

body functions (i.e. maintenance, liveweight gain, milk yield, etc.).  The procedure, 

however, is not completely free of errors. A detailed discussion of the problems 

encountered when assessing the maintenance requirements of free grazing cattle by means 

of multiple regression analyses was given by Curran & Holmes ( 1970). Among the most 

important are the high degree of auto-correlation between the independent variables and 

errors in the determination of herbage intake when using indicator substances as 

indigestible markers to assess faecal output. 

Table 2.8 summarizes some estimates of the ME� required by grazing cattle. Where the 

results were given in pounds and metabolic live weight given as LW·73, the appropriate 

factors were used to convert pounds to kilograms and LW·73 to LW0·75• From this 

sample of estimates, on average lactating and dry cows required for maintenance, 

respectively, 1 .08 and 0.9 1 MJ MEIJLW·75/day. 
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Table 2.8. MEm (MJ MF1L W0·75/day) of grazing dairy cattle assessed by multiple regression analyses. 

Reference 

Cox et al. , 1 9561 

Type of animal, type of sward 
and method of assessing intake 

Lactating cows grazing individual plots, herbage intake 
assessed by cutting. 

Greenhalgh et al. ,  1 9662 Lactating Ayrshire cows grazing on a ryegrass-cocksfoot 
dominant sward, chromium gelatin capsules. 
- Regression of OOMI =�1 LW -'3+�

2 
FCM+�3 LWG. 

Maintenance 
(MJ MFJLW0·'5/d) 

0.622 

0.858 

Holmes & Jones, 1 9652 Lact.ating cows grazing on a timothy-meadow Fescue pasture. 
Chromium gelatin capsules. 

Holmes & 
McLenaghan, 1 980 

Holmcs et al. , 1 9932 

Hutton, 1 9682 

Jones et al. , 1 9652 

Wallace, 1 956a2 

Mean ± S .D.3 
c.v. (%) 

- Regression of OOM= a+�1 FCM+�2 LW0·73• 
- Regression of OOM = a+�1 FCM+�2 L W0·'3+�3 L WG. 
- Regression of OOM = �� FCM+�2 Lvfl 73+�3 LWG. 

Dry pregnant cows (8th month) grazing ryegrass-white 
clover pasture. Zero change in condition score . 

Lactating Friesian and Jersey cows differing in size but 
similar milk yield grazing on ryegrass-W.clover pasture. 
Chromium gelatin pills and slow release Cr capsules. 
Regression of: 
- MEI!Lvfl·'5 = �� Milk energy +�2 LW 75+�3 LWG. 

. Friesians 

. Friesians and Jerseys 
- MEI!Lvfl·'5 = a + �� Milk energy +�2 LW0·'5+�3 LWG. 

. Friesians 

. Friesians and Jerseys 

Dry Jersey twin cows, chromium capsules. 

Dry (556 kg LW), low yielding (493 kg LW) and high 
yielding (479 kg LW) Ayrshire cows grazing on Festuca
Phleum- W. clover pasture. Chromium gelatin capsules: 

- Regression of OOMI = �� FCM+�2 LW0·73+�3 LWG: 
. Experiment I . 
. Experiment 2. 

- Regression of OOMI = �� FCM+�2 L W0·73 • 

. Experiment I . 

. Experiment 2. 

Lactating grazing Holstein and Jersey cows differing in size 
production potential and rate of liveweight gain (average of 
6 years). Chromium gelatin capsules. Regression of 
OOMI= �� FCM+�2 L W0·73+�3 LWG. 

Lactating 
1 .08±0.19(1 1 )  
1 7.7 

Non-lactating 
0.9 1 ±0. 1 5(2) 
1 7.0 

1 . 1 85 
0.997 
1 .092 

1 .020 

1 .20 
1 .27 

1 .38 
1 .20 

0.80 

1 . 1 26 
1 .036 

1 . 1 26 
1 .08 1 

0.892 

I 2 3 
. 

A .. umlng 1 kg peslln DM:10.17 MJ ME (tfutton, 1171); A .. umlng 1 kg DOM :15.6 MJ ME (Geenty . Ratltay, 1 117); In bnock.ets 1he number of 

ot>Mrvatlons used to CllaNte .,. -
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Table 2.9 compares the averages of the estimates of MEm calculated by the three methods 

reviewed. The size of the estimators of MEm follows the order lactating > non-lactating 

cows; grazing trials> stall feeding trials> EB trials, and fresh cut grass > mixed diets. 

The higher estimate for lactating cows appears to be associated with an increase in the 

cow' s  basal metabolism due to the energy demanding process of milk synthesis (Moe et 

al. , 1 972). The higher estimates for both the stall-feeding and the grazing trial might be 

the result of the extra activity they involve or because errors of measurement are more 

likely to occur in these trials. Finally, the higher estimates calculated for the experiments 

in which the cows were fed exclusively on fresh cut pasture might be the result of lower 

efficiencies of utilization of the dietary ME, and the associated extra energy expended for 

the excretion of excess nitrogen (common with fresh cut pasture) as urea in the urine 

(Geenty & Rattray, 1 987). 

From this comparison it is evident that in spite of representing more closely the actual 

conditions of the grazing animal, the grazing trial often lacks the accuracy with which 

both the stall-feeding trial and the energy balance trial are performed. This is so because 

individual feed intake is difficult to assess accurately under free grazing conditions. 

Table 2.9. Estimates of the MEm (MJ ME/L wim/day) of lactating and non-lactating dairy cows 
assessed by different methods (mean±S.D.)1 

Method of assessment 

Energy balance trial 

Stall-feeding trial 

Grazing trial 

Physiological state or 
system of feeding 

Lactating 
Dry 

Fed exclusively on fresh cut pasture 2 
Fed on mixed diets 2 

Lactating 
Dry 

Fed exclusively on fresh cut pasture 2 
Fed on mixed diets 2 

Lactating 
Dry 

In bracket• the number of obeervationa uaed to calculate the mean. 

1 t.ctating and dry cowa pooled data. 

Maintenance estimate 
(MJ MEJLW0·75/day) 

0.525±0.08 (23) 
0.459±0.05 (5) 

0.750±0.05 (5) 
0.5 14±0.07 (25) 

0.85 1 ±0. 19 (4) 
0.562±0.1 1  (8) 

0.802±0.1 8  (8) 
0.53 1±0.08 (6) 

1 .020±0. 18  ( 1 1 )  
0.9 1 0±0 . 15  (2) 
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2.4.2. ME  required for l iveweight gain. 

The MEI required for liveweight gain (ME8) depends on the rate of liveweight gain 

(LWG, kg/day), the net energy deposited in each kg of liveweight gain (NE8) and on 

the efficiency with which the cow uses the dietary ME for growth and fattening purposes 

(k8) (A.R.C., 1 980), i.e. 

NE, 
ME, =------------------. . . . .2.28 

k, 

2.4.2. 1 .  Energy value of the l iveweight gain.  

The NE deposited as liveweight gain (MJ/kg) is the product of the weight of the L WG 

and its energy value (EV8) ,  i.e. 

NE,= LWG x EV, . . . .  2.29 

For cattle, the energy value of gain (MJ/kg) is related to the live weight in kg (LW) by 

the following equation (MAFF, 1984): 

EV, = 6.28 + 0.3 NE, + 0.0 1 88 LW .. . .  2.30 

B y  combining equation 1 and 2 the NE deposited in the gain made can be calculated as: 

LWG (6.28 + 0.0188 LW) 
NE, (MJ)= ------------------------------------------- . . . . .2. 3 1  

( 1  - 0.3 LWG) 
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For an adult cow weighing 450 kg live weight, equation 2.3 1 predicts an average NE 

content of 2 1 .0 MJ/kg live weight when the cow has an average LWG of 1 kg/day, and 

26.8 MJ/kg live weight when cows of the same size are gaining 1 .5 kg live weight/day. 

This is in line with the average values given in A.R.C. ( 1980). For adult cattle A.R.C. 

( 1980) states that muscle consists roughly of 80% water and 20% protein, while adipose 

tissue contains about 20% water and 80% fat. Their average caloric values are 39.3 MJ/kg 

fat and 23.6 MJ/kg protein, and an average value of 26 MJ/kg of body weight (i.e. 

composed of fat and protein) is suggested. 

2.4.2.2. Efficiency of uti l ization of ME for growth and fattenlng (�). 

The efficiency of utilization of ME for the deposition of energy as liveweight gain 

(mainly as fat and protein) in non-lactating animals (kg) is considerably lower and more 

likely to be affected by the nutrient concentration of the feed than km (A.R.C.,  1980). The 

efficiency of utilization of ME energy for growth and fattening (kg) can be predicted by 

using the generalised equations summarized in Table 2. 1 0. 

As was the case with the equation given by Blaxter ( 1 989) to predict the ku, value, his 

equation to predict kg given in Table 2. 10 also takes into account the protein content of 

the organic matter (P, g/kg). These two equations were based on about 1000 energy 

balance trials, and provide a good basis to predict ku, and kg for adult cattle and sheep in 

which most of the energy is retained as fat (Blaxter, 1 989). 

The equations predicting kg were compared in the same way and using the same 

assumptions as when comparing those predicting km. The corresponding kg values yielded 

by each equation are presented in Table 2 . 10. The equations produced very similar 

results, and on average all the values grouped around a mean kg value of 0.535±0.02. 
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Table 2.10. Equations for predicting the efficiency of utilization of metabolizable energy for growth 
an rattening (k,) in adult sheep and caltlt.. 

Source 

A.R.C., 1965 
A.R.C., 1980 
Blaxter, 1 989 
Blaxter, 1974 
C.S .I.R.O., 1 990 
C.S .I.R.O., 1 990 
Tolkamp & 
Ketelaars, 1 992 

Mean ± S.D. 
c.v. (%) 

Equation predicting the 
k, value of the feed 

k, = 0.81 *q + 0.03 
k, = (MD/1 8.4)*0.78+0.006 
k, = 0.95 1 + 0.00037(P/q) - 0.336/q 
k, = 0.78 *q + 0.006 
k, = (0.042*M!D) + 0.006 
k, = 0.043*M!D 
k, = 1 .32*q - 0.3 1 8  

Predicted 
k, value 

0.568 
0.524 
0.544 
0.524 
0.520 
0.526 
0.559 

0.535±0.02 
3 .4 

Equation 
number 
in text 

2.3 1 
2.32 
2.33 
2.34 
2.35 
2.36 
2.37 

Table 2. 1 1  summarizes results from the literature where the efficiency with which dietary 

ME was utilized for body tissue gain (kg) in experiments with dry pregnant dairy cows. 

From this information ME was utilized with an average efficiency (kg) of about 56%, 

which is slightly higher than the average of the equations summarized in Table 6, but very 

similar to both the kg value predicted by the generalised equations given by A.R.C., ( 1 965) 

and that given by Tolkamp & Ketelaars ( 1 992). 

Table 2.1 1.  Efficiency of utilization of ME for gro\\1h and rattening (ka) in non-lactating dairy cows 
as reported in experiments from the literature. 

Source 

Grainger et al., 1985 

Moe et al., 1 970 

Mean ± S.D. 
c.v. (%) 

Type of animal and experimental conditions Estimated kg value 

Energy balance trial. Pregnant-non-lactating Friesian cows. 
- High breeding index cows at 2 1 0  days of pregnancy, 0.52 

fed on fresh cut pasture. 
• Low breeding index Friesian cows at 230 days of 0.52 

pregnancy, fed on fresh pasture. 

Energy balance trial of Holstein cows. Maternal liveweight 
change adjusted by pregnancy: 
- Dry cows gaining liveweight. 0.59 
- Dry cows either gaining or losing weight. 0.60 

0.56±.04 
7.8 
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Taking together the values of the energy content of the liveweight gain as 26 MJ/kg 

(A.R.C., 1980) and both the average kg calculated from the generalized equations given 

in Table 2. 1 0  and that obtained from the experiment summarized in Table 2. 1 1 , the non

lactating dairy cows of this sample required on average 47 to 48 MJ/cow/day for the 

daily gain of 1 kg live weight. 

Table 2. 1 2  summarises results from the literature of either stall-fed or grazing cattle where 

the amount of metabolizable energy necessary to gain 1 kg of live weight was calculated. 

Results of experiments with lactating cows are also given, as they are relevant to the New 

Zealand situation. From these reports, lactating cows required about 35.5 MJ ME/kg 

LWG, compared with an average requirement of about 49.0 MJ ME/kg LWG for non

lactating cows. The lower average MEg calculated for lactating cows might be due to the 

fact that when the lactating cow is in positive energy balance (i.e. gaining weight), the 

efficiency with which dietary ME is used for body tissue deposition [kg0J is considerably 

higher than that achieved when the cow is non-lactating (kg) (C.S .I .R.O., 1 990; Moe et al., 

1 970). However, the reasons for this more efficient restoration of body reserves during 

lactation are still unclear. 

In deriving these estimates it has to be remembered, however, that changes in liveweight 

gain are difficult to obtain accurately without appropriate fasting because of high 

differences in gut fill. Nevertheless, these values provide a sample of a size and variability 

such that the calculated averages agree rather well with other published estimates 

(A.R.C., 1980; MAFF, 1984 ) .  
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Table 2.12. ME required for liveweigbt gain (MJ ME /kg liveweight gain) b y  lactating and non
lactating dairy cattle calculated by means of multiple regression analyses. 

Reference 

Bhuvaneshwar, 1 9932 

Cox et al. , 1 956
1 

Holmes & Jones, 1 9652 

Hutton, 1 9622 

N. Z. Dept. Agr., 1 95 1 2  

Wallace, 1 956a2 

Wallace, 1 9612  

Grainger et a/. , 1 985 

Hutton, 1 962 

Mean ± S.D4 
c.v. (%) 

Comments 

Lactating grazing Holstein and Jersey cows differing in 
size but with similar production potential. Regression 
of .MEI/L W0·75 = �1 Milk energy+�2 L W0·75+�3 L WG . 

Lactating cows grazing individual plots, herbage 
intake assessed by cutting. Regression of 
DOMI =�1 FCM+�2 

Lvfl·73+�3 LWG. 

Lactating cows grazing on a timothy-meadow 
fescue pasture. 
Regression DOMI= CH�1 FCM+�

2 
Lvfl·73+�3 LWG. 

Lactating crossbred Jersey cows fully-fed; stall fed on 
ryegrass-white clover fresh cut pasture. Regression of 
DOMI = �1 FCM+�2 LW0·73+ �3 LWG. 

15 sets of identical twins mob-grazed throughout 
the lactation on ryegrass-white clover pasture. 
Chromium gelatin capsules. Regression of 
DOMI = �1 FCM+�2 LW 73+�3 LWG. 

Lactating-grazing Friesian and Jersey cows differing 
in size, production potential and rate of liveweight 
gain (average of 6 years). Chromium gelatin capsules. 
Regression of D0Ml=�1 FCM+ �2 

LW0·73+ �3 LWG. 

Lactating twin Jersey cows stall fresh cut grass (part 
time outdoors). Regression of : 
DOMI=�1 FCM+�2 Lvfl 73+�3 LWG. 

Energy balance trial. High and low breeding index 
dry-pregnant Friesian cows (210-230 days pregnant) 
fed on fresh cut ryegrass-clover pasture. Regression 
of EB(LW0·75 on .MEI(LW0·75• 

Fully-fed non-lactating Jersey crossbred cows stallfed 
on fresh cut pasture ( 12  hs indoors and 1 2  hs muzzled 
on a bare paddock). Regression of : 
DOMI = �1 LW0·73 + �2 LWG. 

Lactating 

35.4±13 .4 ( 10) 
38.0 

Non·lactatlng 

48.8±4.5 (2) 
9 . 1  

1 Aaaumlng: 1 kg pMture OM = 1 0.87 MJ ME (Hutton, 11171); 

2 1 kg DOM = 1 5.6 MJ ME (Geenty & Rattray, 11187); 

3 1 kg OM = 12.55 MJ ME; 
4 In bracketa the number of obeervationa uaed to calculate the mean. 

MI ME/ 
kg LWG 

33-40 

23.0 

22.3 

25 .6 

6 1 . 1  

46.8 

3 1 .2 

5 1 .9 

45.6 
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2.4.3. ME requirements for pregnancy. 

The pregnant cow requires energy for its own maintenance and for the maintenance of 

the developing foetus, in addition to the energy that stored in the foetus, its associated 

membranes and in accrued uterine tissues. (MAFF, 1 984). Unlike the relatively high value 

of � of about 73%,  the efficiency with which metabolizable energy is used for pregnancy 

(/s,) is relatively low (Geenty & Rattray, 1 987; Holmes & Wilson, 1 987). Most authors 

agree that kP = 0. 1 3  (see Table 2. 1 3) ,  which means that only about 1 3% of extra energy 

above maintenance is deposited to pregnancy. 

The surprisingly low efficiency of utilization for such an important function, probably 

arises from a method that yields gross efficiency rather than net efficiency (C.S .I.R.O., 

1 990). The simple reason for the very low partial efficiency of energy use for conceptus 

growth is that more than half of the extra energy is used to support metabolically active, 

non-growing tissues, particularly the placenta (Bell, 1 993). In addition, such estimate also 

contains the energy requirement for maintenance of the foetus. Table 2. 1 3  summarizes 

results from the l iterature where kP for dairy cows and for ewes was estimated by means 

of multiple regression. 

Table 2.13. Average values of kP for ewes, dairy and beef cows. 

Source 

Moe et al. , 1 970 
Moe et al., 1 97 1  
Henseler et al. , 19731 
Graham, 1964 a1 
Sykes & Field, 1 972 d 
Rattray et al. , 1 974 a1 
Robinson et al. ,  1 980 
Ferrell et al., 1 976 a 

Mean ± S.D. 
c.v. (%) 

Cited in A.R.C., 1 880. 

Type of animal 

dairy cows 
dairy cows 
dairy cows 
ewes 
ewes 
ewes 
ewes 
beef heifers 

Estimated k, 

1 1 .0- 1 2.0 
1 0.5 
14.9 
1 3 .0 
1 2 .4- 1 4.2 
1 2.0- 1 3 .5 
1 3 .0 
12.9 

1 2.67± 1 .3 
10.2 
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Ferrell et al. ( 1976 b) made use of multiple regression analyses to describe the growth 

of various tissues or components of various tissues of pregnancy during gestation. These 

authors used non pregnant and pregnant (at different stages of pregnancy) Hereford 

heifers and a regression model of the form; 

where: 

wl = wo e(bt + b2 t + b3 L) l . . . . . . .  2.38 

t = day of gestation; 

L = level of feeding (Kcal ME/L W0·75) ; 

Wo = the amount of component on day zero of gestation ; 

W1 = the amount of component on day t of gestation; 

b1,  b2 and b3 are constants, and 

e = base of the natural logarithm. 

Applying regression analyses these authors developed prediction equations to estimate the 

amount of components of tissues of gestation. Table 2. 1 4  summarizes the equations that 

describe the relationship for fresh weight and gross energy of foetus, conceptus and gravid 

uterus, along with their corresponding efficiencies of utilization of ME for energy 

retention. 

Table 2.14. Relationships of some components of foetus, conceptus or gravid uterus to day of gestation, 
and their corresponding efficiencies of utilization of ME for energy retention (After Ferrell et al., 
1976a, 1976b). 

Tissue 

Foetus" 

Conceptusb 

Gravid utirusc 

Component 

Fresh weight 
Gross energy 

Fresh weight 
Gross energy 

Fresh weight 
Gross energy 

t = dey of gHtetlon, W " weight In g, E "  gro• -rgy In keel; 
b 

Conceptua = foetua plua foetal fluid• plua foetal rr.mbranH; 
c 

Gravid· uterua • Conceptue plua uterua. 

Estimating equation 

W1 = 5.839 e<·0512 • .cxxmrn1> 1 
E = 0.5499 e<.OG7• • .()()()()942r> 1 

wl = 470. 1 e(.0217 • .0000161 I) I 
E = 2.197 e<·0588 • ·00001104 1> 1 

W1 = 743.9 e(.OOIXJ - .0000143 I) 1 

E = 69.73 e(JJ3l3 - .oooom I) I 

Estimated "r, 

12.2% 

1 2.5% 

14.0% 
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The metabolizable energy intake required to meet pregnancy can then be calculated from 

an estimate of the gross energy content of the conceptus and an estimate of kP. MAFF 

( 1 984), calculates metabolizable energy requirements for pregnancy (MEP) as: 

NEP 
MEP=------------- . . . . . 2.38 

� 

where NEP is the net energy requirement for pregnancy and kP is the efficiency with 

which ME is used for pregnancy purposes.  The net energy requirements for pregnancy 

(NEP) involve the following components: 

a) the energy stored daily in the uterus and the uterine contents (NP1 ) ,  which 

can be estimated by the following equation: 

NP, = 0.03 e0.0174' (MJ/day) .  . . . .2 .39 

with corresponding efficiency kP1=  1;  t = the number of days after 

conception, and e = 2.7 1 8, the base of the natural logarithm. 

b) the energy oxidized and lost as heat due to a 'Heat increment of gestation' 

(NP2), i.e. heat production in pregnant cows is greater than expected for 

non-pregnant cows of similar weight. This component c.:n be estimated as 

follows: 

NP2 = 0.904 e001 1  (MJ/day). . . . .2.40 

with corresponding efficiency kP2 = I ,  and e and t as defined previously. 

c) the energy associated with foetal maintenance and the increased maternal 

fasting metabolism due to pregnancy (NP3). This component is assumed to 

be about half of the heat increment of gestation (i.e. 1/2 NP2), and to have 
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the same efficiency of utilization of ME as maintenance (kw ). It is 

calculated as: 

0.9()4 eO.OI 1 

NP3 = ------------------- . . . . .2 .41  
2 X k.n 

The remainder of the heat increment associated with pregnancy arises from the synthetic 

processes producing the foetus and associated structures. Thus the M E  requirement for the 

growth of the foetus and associated structures (MJ/day) will be the sum of NP1 and 112 

NP2• Then the extra ME energy requirement for pregnancy will therefore be: 

Np2 Np2 MS ::: Npl + --------------- + ----------------- . . . . . . 2.42 
2 2 x k.n  

Assuming kw = 0.73 and substituting NP1 and NP2 for their respective values this 

expression becomes: 

MS (MJ/day) = 0.03 eo.m74 ' + 1 . 1 9  (0.904 eo o• • ) . . . . . 2 .43 

For cows averaging 200 days pregnant and producing a calf weighing 40 kg at birth, 

equation 2.43 predicts an average daily requirement of about 9 .8  MJ ME/cow to meet the 

requirement of pregnancy. 
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2.5. Efficiency of production of dairy cattle. 

Efficiency can be defined as the ratio of output (YJ!input (X), with output and input 

given in  a variety of units, biological, physical or financial (0stergaard et al., 1 990), i .e. 

Yi Y l -n 
Efficiency = ----------------- or -----------(or its inverse) . . . . . . . .  2 .44 

� xi ·D 

Efficiency of production as has been applied to the dairy cow corresponds to an estimate 

of biological efficiency. It is normally calculated as (Milk E)/(Feed E) (where E = energy, 

or heat of combustion, of m ilk and food) . However, as Holmes et al. ( 1 98 1 )  pointed out 

gross feed efficiency (GFE) as an estimate of lactational efficiency is often too simple 

because it does not take into account the contribution made by changes in body tissue. It 

is assumed that the total energy consumed is partitioned into that energy used for 

maintenance purposes (MEm ) and that used for the synthesis of milk energy (MS, ) ,  i .e. 

Milk Energy (MJ) 
Gross feed efficiency =---------------------------- . . . . . . 2 .45 

[ME., + MEy] 

However, during lactation the synthesis of milk energy comes from the dietary energy that 

becomes available after the energy requirement of maintenance has been met. This amount 

of energy may either be supplemented by energy coming from the m obilisation of body 

tissue energy (TEL), or be reduced by the diversion of dietary energy towards the 

synthesis of body tissue energy (TEG), i .e. 

Milk Energy (MJ) 
Lactational efficiency = ---------------------- - - - - - - - - - -- --- - . . . . . . 2.46 

ME, + (Mf-y + TEL - lEG) 

Thus lactational efficiency in the dairy cow is influenced both by milk production and 

associated fluctuations in body tissue gain and loss and by the live weight of the cow 

(metabolic weight), as this determines the amount of energy directed to meet maintenance 

(Holmes et al., 1 98 1 ;  Holmes et al. , 1993). 
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2.5.1 . Some estimates of gross feed efficiency In  dairy cattle. 

The calculation of gross feed efficiency in dairy cattle requires both an estimate of amount 

of energy being deposited as milk and of the energy eaten. The yield of milk and milk 

components (fat, protein, lactose) are often measured for individual cows as these traits 

are widely used for selection and breeding purposes, and from them an estimate of the 

energy content of milk energy can be derived (Tyrrell & Reid, 1965) .  Feed intake or the 

intake of energy by individual cows can also be measured, but it is expensive to do so 

and, in some studies it has been estimated from production and liveweight data using 

current feeding standards in reverse order (Madgwick et al., 199 1 ;  S ieber et al., 1 988). 

The estimated individual feed i ntake either actually measured or indirectly assessed can 

then be used to assess efficiency of production on an individual cow basis. 

A summary of estimates of gross feed efficiency (GFE) of dairy cattle, obtained under 

American, Canadian and New Zealand conditions, is presented in Table 2. 1 5 . With the 

exception of the estimated GFE given by Yerex et al. ( 1 988),  the American and the 

Canadian estimates were calculated as the ratio NE milk/estimated NE eaten. Calculated 

in this way, GFE ranged between 47% to 6 1 % .  This range of variation is higher than that 

of 1 8 %  to 25% calculated by Hutton ( 1963) for Jersey cows stallfed on fresh cut grass 

over a 300-day lactation. This difference might be due to Hutton 's  ( 1 963) estimate of GFE 

being calculated as the ratio NE rnilk/GE eaten. 
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Table 2.15. Estimates of gross feed efficiency of dairy cattle as reported by several authors in the 
literature. 

Source 

Dic:lcinson et al., 1969 

Graham et al., 1 99 1  

Legates, 1 990 

Sieber et al., 1 988 

Yerex et a/.,1 988 

Huuon, 1 963 

Comments 

First calving Ayrshire, Brown swiss and Hos1tein Friesian cows fed on a 
forage:concentrate ration. GFE calculated as NE MilkJEstimated NE intake: 

- Ayrshires 
- Brown swiss 
- Holstein Friesians 

Stall-feeding trial, first calving Holstein heifers fed during lacution 
on high (1 -140 days), medium ( 1 4 1 -240 days), and low (241-305 days) 
energy total mixed ration. GFE calculated as l\'E milkJEstimated NE intake. 

- Daughters of top Canadian Friesian sires. 
- Daughters of top N. Z. Friesian sires. 

First lactation Holstein cows bred either for high produaion or 
for average produaion. Cows fed on a hay:silage:concentrate 
ration. Concentrate was given according to production, and 
individual feed intake and efficiency were calculated for the 
period 7 1  to 120 days of lacution. GFE was calculated as l\'E milk/ 
Estimated NE intake: 

- Selected group. 
- Unselected group. 

Holstein cows. Estimated feed efficiency was expressed as the 
ratio NE milk/Estimated NE intake: 

- First calving cows. 
- Second calvers. 
- Third calvers. 
- Fourth calvers. 
- 1:: Fifth calvers. 
- All cows. 

First lactation Holstein cows bred for either high produaion 
and large-size or for high produaion and small size. Gross Feed 
efficiency calculated as kilograms of IDN consumed per kg of 
4% FCM produced: 

- Large-size cows. 
- Small-size cows. 

Jersey oows (300 to 400 kg LW) stall-fed on fresh cut grass and 
producing 160 kg MF during a 300-day lactation. GFE calculated 
as NE milk/GE eaten. 

Gross efficiency (%) 

60.3 
54.3 
6 1 .0 

59.0 
58.0 

5 1 .0 
47.0 

58.7 
57.0 
57.8 
57.7 
57.3 
57.9 

58.5 
55.7 

20.0 
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2.5.2. Between breed d ifferences In  gross feed efficiency. 

There is evidence of significant differences in gross feed efficiency between different 

breeds of dairy cattle. Dickinson et al ( 1 969) compared the gross feed efficiency of 

Ayrshires, Brown S wiss and Holstein-Friesians. Brown swiss were the least efficient 

(54.3%),  Holstein-Friesians were the most efficient (61 .0%), and Ayrshires were 

intermediate between the two (60.3%) (Table 2. 1 5). Madgwick et al. ( 1 99 1 )  found Jersey 

to be significantly more feed-efficient than Friesians by 0. 1 5  kg fat+protein/1000 MJ 

energy intake (approximately 2%). They attributed the difference to the much smaller 

body size of Jerseys requiring less MEm, without a corresponding decrease in production 

level.  In that study, Jerseys produced less fat+protein (about 30 kg or 2 1  %) than 

Friesians, but they weighed approximately 1 00 (about 2 1  %) kg less than Friesians. 

Similarly, Bhuvaneshwar ( 1 993) found Friesian cows to be less feed-efficient than Jersey 

cows. In that experiment Friesian cows were 1 1 4 to 1 27 kg heavier than Jerseys and, from 

the combined information of an indoor feeding and a grazing period, Friesians ate 13.5 

to 20.5% more DM, produced 5.7 to 8 .4% more NE milk, but were 5 to 15% less feed

efficient than the Jerseys. Gibson ( 1 986) found that over a whole lactation food 

conversion efficiency of Jerseys was 7 .8% higher than Friesians. Similarly, Campbell 

( 1 977) found Jerseys to be 3% more feed efficient than Friesian x Jersey crossbred cows 

when they were grazed as a single herd. 

L'Huillier et al. ( 1 988) compared the productive performance of Friesian and Jersey cows 

in mid-lactation ( 1 4th to 1 7th week of lactation) grazing at daily herb�:ge allowances of 

1 0, 20, 30 or 40 kg DM/cow/day. The results indicated that Friesians lost more live 

weight (8.4 vs 5.3 kg), had a higher percentage of herbage DM utilization (i.e. 50 vs 

46%),  grazed pastures lower and more evenly than did Jerseys, ate 13% more herbage 

DM, produced 26% more milk, 6% more milkfat, 13% more protein and 24% more 

lactose, but were 8 .4% less feed-efficient than Jerseys (6 1 .2 vs 67.0 . g MF!kg DM 

consumed). At a common live weight there was no difference in milk yield between 

breeds, but at higher stocking intensities, Friesians produced less milkfat and total solids 

than did Jerseys. In that study the average live weights of the cows were not given, but 
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presumably the Jersey cows were offered higher daily herbage allowances!LW0·75 due to 

their smaller size, which might have influenced the results obtained. 

L'Huillier et al. ( 1 988) also compared the energy metabolism of Friesian and Jersey cows 

during the 8th to 1 6th weeks of lactation. They found that Friesians, when fed ad libitum, 

ate more herbage DM/cow/day, but less per unit live weight than Jerseys (3.2 vs 3.7% 

respectively). Friesians lost significantly more ME as heat increment than did Jerseys and 

had a lower efficiency of utilization of ME for milk and tissue deposition (energy 

balance) than Jerseys (0.48 vs 0.58 respectively) . 

2.5.3. With in  breed d ifferences In  g ross feed efficiency. 

The experiment reported by Dickinson et al. ( 1969) ranked the three dairy breeds for 

gross feed conversion efficiency in the order Holstein>Ayrshires>Brown swiss (Table 

2. 1 5). If compared within breeds, however, cows of smaller size or weight and cows that 

gained less weight in their first lactation were significantly more efficient than cows of 

larger size or greater weight or weight gain. Similarly, Bhuvaneshwar ( 1993) found that 

smaller Friesian cows (80 kg lighter) ate 3.9% less DM, produced 2.8% less NE as milk, 

but were 2.6% more feed efficient than their larger Friesian counterparts. 

Madgwick et al. ( 1 99 1 )  suggested that within a particular breed of dairy cattle, differences 

between animals in feed conversion efficiency are largely a function of the level of 

production, feed intake capacity and cow's body size (primarily live weight). There is 

also evidence to show that differences between individual cows in gross feed efficiency 

are heritable (Persaud et al. , 1990; Madgwick et al., 1 99 1 ;  Van Arendonk: et al. , 199 1 )  

· (Table 2. 1 6) .  This might suggest that selection of cows for improved gross feed 

efficiency is possible. However, the cost involved in recording such a trait for a large 

number of animals makes it impractical, and often selection is carried out on production 

traits on the hope that selection for high yield will bring about a correlated improvement 

in cow feed efficiency (Freeman, 1975; Legates, 1990). 
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Table 2.16. Heritability (b1±S.E.) and repeatability (r) estimates for feed efficiency i n  dairy cattle. 

Source 

Persaud et a/.,1990 

Madgwick et a/. , 199 1 

V an Arendonk 
et a/ . , 1 99 1  

Comments 

W eelcly records of individual 
intakes, Friesian cows fed 
ad libitwn on a forage: 
concentrate diet. 

Friesian and Jersey cows from 
commercial farms. ME Intake 
estimated from live weight and 
production data using the 
A.R.C. (1 980) standards in 
reverse order. 

First calving Friesian cows fed 
roughage ad libitwn and 6 kg of 
concentrate/cow /day. 

Efficiency as 

Milk E/FEI1 0.1 3±0.09" 

0.1 3±0.09" 

Fat+Prot(lcg)/EE!' 0.25 

FEI!FPCM' 0.37 

1 F8 = Calculoted IH<I energy Intake (W); 
2 EEl z Eatimated Energy Intake (W); 3 FPCM z Fot Protein Corrwcted Milk yield (kg), I.e. FPCM:(0.348..0.1 0Niot..0.06Nprotein)'kg milk; 
• Eotimated for o 26 -k loctotion period; 

b E.otimated for o 38 -k locution period. 

2.6. Relationships between cow efficiency, Intake and body s ize. 

0.4 1.  

0.6£1' 

Cow body size (either live weight or any of the body measurements used to describe size) 

shows a very high positive phenotypic correlation wi.th milk yield and yield of milk 

components (Table 2. 1 7).  For the dairy farmers this means that they will generally 

observe their larger cows to be higher producers. Consequently, large-size cattle appear 

desirable to them, and if selection practices are primarily based on volume of 

production, then genetically larger cows with higher requirements of MEm will be the 

result (Wickham, 1993). Thus, selection for increased milk yield is expected to result in 

improved gross feed efficiency due to a 'dilution ' of the MEn, (Freeman, 1975). However, 

this will only be true if there is not a correlated increase in the body weight of the cows 

selected for high yield (Madgwick et al., 1 99 1 ) . 

Freeman ( 1967, 1 975) stated that selecting for milk yield alone was expected to give 

between 7 5  and 95% of the response of selection for gross feed efficiency. To reach this 

conclusion he assumed a genetic correlation between milk yield and efficiency of 0.75 
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to 0.95. Such estimates in which obtained from experiments where cows were fed 

concentrates according to production (Mason et al. , 1 957;  Hooven et al. , 1972) and as a 

result the calculated genetic correlations might be over-estimated. Recent evidence 

obtained for cows feed ad libitum (Persaud et al. , 1 990) suggest that selecting for 

fat+protein yield will bring a correlated change in efficiency of between 47 and 74%. 

B ody size shows both a high negative phenotypic correlation (Table 2 . 1 7) and a high 

negative genetic correlation (Table 2. 1 8) with gross feed efficiency. The high genetic 

correlation between live weight and gross feed efficiency suggest that body weight is a 

good predictor of efficiency, and can be used for selection purposes along with 

production traits to increase the overall farm profitability (Ahlborn & Dempfle, 1992). In 

a recent experiment with Friesian cows fed ad libitum on a forage:concentrate diet, 

Persaud et al. ( 1990) compared different selection criteria for genetic improvement of 

gross feed efficiency. Selection on an index of fat+protein yield and live weight was 

predicted to be much more accurate than selection for yield or efficiency alone. 

In a 14-year selection experiment with Holstein for large and small body size reponed an 

approximate 2.8% advantage in feed efficiency for the small line on a lactation basis and 

a 5 .0% advantage during 60 through 1 80 days of lactation (Yerex et al., 1 988) . Thus, 

selecting for high yield whilst body size remains constant appears the best way to 

genetically improve gross feed efficiency (Yerex et al., 1988;  Madgwick et al., 1 99 1 ).  



Table 2.17 . Phenotypic correlations among measures of intake, efficiency, yield and body size in dairy cattle. 

Measure of Measure of efficiency 
intake 

Total DMe MilkE/ FCM/ENE 
ENE ENE (Meal) 

(Meal) 
Parameter 
"'Yield 

. FCM3 o.n· 0.63£ 0.82b 
0.68b 

. Milk o.1o· 0.46°1 0.6 1 £  
0.53c2 

. Fat 0.62£ 

. Fat + protein 0.56°1 
0.60"2 

"'Intake 
. Total ENE1 0. 1 1• 

0. 1 4b 
. DMI(kg/cow) 

"'Efficiency 
. FCM/ENE 
. Milk E/FEI4 

. FCM/100 FUm5 
. Milk E/ENE (Meal) 

• Miller et al., 1972. 

b Hooven et al., 1 972. 

c Hooven et al., 1 968. 

d Syrstad, 1 966. 

cl Penaud et al., 1 990 (26-week lactation period). 

02 Persaud et al., 1 990 (38-week lactation period). 

Measure of body size 

MilkE/ 
FEI 
(MJ) 

0.8001 
0.85"2 

0.8 1 el 

0.86c2 

0.02el 

0. ] 4•2 

r Sieber et al., 1988. 

Average 
live weight 

0.44· 
0.22r 
0.42< 
0.2or 

0.24! 

0.4 1 .  

0.24el 

0. 1 1  c2 

-0.()4< 
-0.38el 

-0.5002 

-0.33! 

1 ENE= Estimated Net r�ergy intake. 
2 DMI=Dry matter intake. 

Heart Paunch Wither Chest 
girth girth height depth 

0.02d 
0.20£ 0.28£ 0.23£ 0.24£ 
0. 18£ 0.26£ 0.22£ 0.22! 

0.2 1 £  0.29£ 0.24£ 0.25£ 

-0.29d 

-0.3 1 ! -0.23! -0. 1 8! -0.23£ 

3 FCM=Fat corrected milk. 

4 FE!= Feed Energy Intake (MJ). 
5 FUm=Feed Units for maintenance. 

Pelvic Pelvic Body 
length width length 

0.2 1 £  0.28£ 0.22£ 
0.19£ 0.27£ 0.2 1 £  

0.22£ 0.29£ 0.23£ 

-0.22£ -0.23£ -0.20£ 
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Table 2.18 . Genetic correlations among measures or intake, efficiency, yield and body size in dairy cattle. 

Measure of intake Measure of efficiency Measure of body size 

Parameter 
"' Yield 

"' Intake 

. FCM3 

. Milk 

. Fat 

. Fat + protein 

. Total ENE 

. DMI 

"' Efficiency 
. FCM/ENE 
. Milk E/Feed E 

. FC.M/100 FUm4 

Total 
ENE1 

0.82' 
0.86b 
0.83c 

0.77' 
0.76c 

. Fat+Prot(kg)/ENE(MJ) 

1 MiUer et al., 1 972. 

b Hooven et al., 1 972. 

c Miller, 1 972 (cited by Freeman, 1 975). 

4 Hooven et al., 1 968. 

-
DMI2 

0.54°1 

0.47e2 

0.74el 

0.65"2 

Fat+Prot/ENE 

(kg!MJ) 

0.02h 

0.80h 

FCM/ENE 
(Meal) 

0.93b 

o.so· 

MilkE,/FecdE 
(MJ) 

0.61°1 

0.52e2 

0.60el 

0.44e2 

-0.05°1 

-0.4 1  cl 

Average 
body weight 

0.284 

0.304 

0.44' 
0.34el 

0.46e2 

-0. 1 74 
-0.82el 

-0.8 l c2 

-0.46h 

Body weight 
(score) 

0.39'1 

0.29'2 
0.34'1 

0.34'2 

Stature 
(score) 

0.34'1 

0.43&2 
0.25'1 

0.42&2 

-0.32h 

Heart 
girth 

-O.o8r 

-0.55r 

el Per.;aud et al., 1 990 (26-week lactation period). 

e2 Per�'111d tl al., 1 990 (38-week lactation period). 

gl Ahlbom & Dempfle, 1 992 (First-calving Friesians). 

g2 Ahlbom & Dempfle, 1 992 (First-calving Jerseys). 

1 
ENE= Estimated Net Energy intake. 

2 
DMI=Dry matter intake. 

r Syrstad, 1 966. 3 FCM=Fat corrected milk (kg). 

h Madgwick et al., 1 99 1  (Friesian and Jersey, pooled data). 4 FUm=Feed Units for maintenance. 

44 
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2.7. Cow feed efficiency and dairy farm productivity. 

More than 35 years ago McMeekan ( 1 956) stated that for a pasture-based dairy production 

system the three main determinants of high output per unit of area of farmland are pasture 

productivity, stocking rate and cow quality. The components of pasture productivity are 

the total amount of feed annually grown/ha, its content of nutrients (i.e. energy and 

protein) and its seasonal pattern of growth that should match as closely as possible the 

seasonal pattern of feed requirements of the dairy herd. The stocking rate (i .e. number of 

cows/ha/year) has a direct effect on the amount of feed grown that is actually harvested, 

and as such is a powerful management tool to increase dairy farm productivity. Finally, 

cow quality plays its role on the efficiency with which the feed eaten is transformed into 

milk (i.e. cow efficiency). For the New Zealand dairy industry the main determinants of 

cow quality are the cow's  genetic merit for the production of milk and milk components 

and its body size (either assessed as live weight or as stature) (L. I .C.,  199 1 ) . 

2.7.1 . Ranking cows according to efficiency. 

The importance of cow size on efficiency of production on the New Zealand pasture-based 

system has been long recognized (Wallace, 1 956 b), and more recently (Holmes et al., 

1993) the issue has taken renewed interest as more precise devices to assess the individual 

intake of free grazing dairy cows become available (Parker et al. , 1 990), and also due to 

the recognition of a negative impact of genetically large dairy cows on total farm 

profitability (Ahlborn et al., 1990; L.I.C., 1 99 1 ) .  Cow size, and particularly its metabolic 

live weight (L W0·75), can directly affect cow efficiency through effects on the maintenance 

component (Wallace, 1956 b; Holmes et al., 1993). 

Ranking cows according to efficiency on a pasture-based system without requiring an 

estimate of the cow's  individual feed intake can be a very useful tool for management and 

selection purposes. Wallace ( 1956 b) suggested that dividing the total cow yield over the 

square of its chest girth (minimum circumference) gives a reasonable estimate of the 

relative efficiency of the cows in a herd, those animals with the higher values being the 
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more efficient producers. By doing this, the farmer does not even need to obtain the cow's 

live weight. More recently, Holmes et al. ( 1 993) suggested a ' feed conversion efficiency 

index' to rank cows within and across herds. The index is effectively a measure of the 

yield of milk energy per MJ ME eaten, and can be calculated from the data recorded on 

milk yield and composition and information about the cow's  live weight, i .e. 

Yield of milk energy (M) 
. . . . .  2.47 

(M X 1 .5) + (L W0·75 X 0.8) 

where the bottom line is an approximate estimate of the cow's  total energy requirement, 

i.e. it is assumed feed energy is utilized for the synthesis of milk and tissue energy with 

an efficiency k1 of 66%, and the requirement for maintenance to be 0 .8 MJ 

ME!L WJ.75 /day. 

2.7.2. Cow size and feed requirements. 

The New Zealand Livestock Improvement Corporation (L.I.C.) in a recent publication 

(L.I.C. , 1 99 1 )  estimates that the effect of increasing the cows' live weight by 50 kg from 

425 to 475 kg, increases the cow's annual feed requirement for maintenance by 200 kg 

DM. Assuming an average energy content of 1 1 .0 MJ ME/kg pasture DM (Hutton, 197 1 )  

the increased DMI due to higher cow live weight i s  equivalent to a daily intake of about 

1 2.0 MJ ME/100 kg live weight. From an experiment using large and small Friesians and 

Jersey cows either fed i ndoors or grazing, Holmes et al. ( 1 993) calculated that an increase 

of 100 kg live weight (in the range 350 to 550 kg) was associated with an increased 

energy requirement of 1 5.0 MJ ME/day. The average calculated by Stakelum & Connolly 

( 1987) from an experiment with large and small lactating Friesian cows (range of cows' 

live weight from 499 to 583 kg) fed indoors on fresh cut pasture was an increase of 2 .2  

kg DM/100 kg live weight. With an average MID of 1 1 .0 MJ/kg herbage DM, this 

increased DMI was equivalent to 24.2 MJ ME/day for each 1 00  kg extra live 

weight/cow. 
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The latter two estimates were calculated for lactating cows, and the one given in the 

L.I.C. ( 1 99 1 )  publication does not specify if the estimate takes into account different 

maintenance feed requirements of cows during lactation and the dry period, as well as 

their relative contribution (i.e. days in milk and days dry) in each lactation cycle. From 

Table 2.8 (Section 2.4. 1 .3) lactating and non-lactating grazing cows required for 

maintenance purposes about 1 .08 and 0.9 1 MJ MEIJLW0·75/day, respectively. Assuming 

a lactation length of 262 days as typical of the New Zealand pasture-based dairy system 

(Ahlborn & Dempfle, 1 992), a MID of 1 1  MJ ME/kg herbage DM (Hutton, 197 1 )  and 

a range in cow live weight between 350 and 550 kg, the maintenance cost of an extra 1 00  

k g  live weight/cow can be assessed as shown in the following table: 

Table 2.19. Effect of an extra 100 kg live weight on the maintenance requirements of grazing dairy 
cows. 

Cow live weight (kg) Daily metabolizable energy intake (MEI, MJ ME/cow/day) or DM 
intake (DMI, kg DM/cow/day) required for maintenance during: 

350 

450 

550 

Extra DM or ME intake for 
maintenance/! 00 kg LW 21 

Lactation 

87.4 7.9 

1 05.5 9.6 

1 22.7 1 1 .2 

I/ Weighted ew,.ge for deye of IIICtetlon (262) end deye dry (103� 

21 Celculeted by lin .. r reg,...lon of Dllol or MEl on cow llw-lght. 

The dry period 

MEI DMI 

73.6 6.7 

88.9 8.0 

1 03.4 9.4 

Average 11 

MEI DMI 

83.5 7.6 

1 00.8 9.2 

1 17.2 1 0.7 

1 6.8 1 .53 

Thus, for cows in the range 350 to 550 kg LW, an extra 1 00  kg live weight on a pasture

based dairying system is equivalent to an increase in the cow' s  maintenance requirement 

of about 558 kg herbage dry matter/cow/year. This estimate agrees rather well with those 

summarized in Table 2.20. In spite of the assumptions made to derive these values, the 

estimates presented in Table 2.20 clearly show the effect that larger cow size has on 

increasing the �· The important thing is that this extra dry matter ads up as the herd 

becomes larger (L.I.C., 199 1 ). 
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Table 2.20. Effect of increasing live weight by 100 kg/cow on the energy (MJ ME) or dry matter 
(kg) required for maintenance of dairy cows, as reported by several authors in the literature. 

Source Extra energy (MJ MEI) or extra herbage dry matter intake (kg) 
required to maintain an extra 1 00  kg liveweight/cow: 

MJ/day 

Cox et al. , 1 956 1 2.92 
Holmes et al. , 1 993 1 5.0 
Joyce et al. , 1 9754 14.3 
L.I.C., 1 99 1  1 2.� 
Stakelum & Connolly, 1987 24.22 
Wallace, 1 956 b 1 7.22 
Calculated from this review 16.8 

2 From an herbage with 1 1 .55 MJ MEII<g OM (Bhuva.-hwar, 1 803); 

3 Aaaumlng 11 MJ ME/kg herbage OM; 

kg DM/cow/day kg DMI/cow/year 

1 . 1 7 427 
1 .281 470 
1 .302 475 
1 . 1 0  400 
2.20 803 
1 .56 570 
1 .53 558 

4 Weighted average tor daya ot lactatlon (262) and daye dry (103) and aMumlng literature average. tor ME, <- Section 2.4.1.3, Table 2.8); 
Grazing beet cattle. 

2.7.3. Large s ize cows and dairy farm profitabi l i ty. 

In most dairy production systems feed is the largest variabl e  cost for mil k  production 

(0stergaard et al., 1990). Even for the New Zealand pasture-based dairying system, feed 

is also the l argest expense on the farm . Feed costs comprise about 48% of farm working 

expenses and incl udes the cost of fertilizer, hay and silage making, and weed spraying 

(L.I.C., 1 99 1 ) . The New Zeal and dairy farmer, through the stoc k  and appropriate grazing 

management, aims at a high utilization of the amount of feed grown on the farm. Stocking 

rate plays a decisive role on the amount of feed grown that is actuall y harvested (Hol mes 

& Parker, 1 992), while  the cows genetic merit for milk production largel y  dictates how 

much of the feed eaten is directed to the synthesis of milk and milk products. Cow size 

is a common component of both stocking rate and cow effi ciency of production, and as 

such it has a direct e ffect on the overall farm productivity. 

Larger cows require more food than smaller ones because they have higher maintenance 

requirements. Size and mil k  yield are positively genetical ly corr el ated (see Table 2. 1 8) 

and larger cows tend to produce more milk and meat per animal, i .e .  l arger cull cows and 

bobby calve s (Bryant & Macmillan, 1985). However, for a typical Ne w Ze aland dairy 
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farm with fixed amount of physical resources such as land and often high cost of 

supplementary feeds, the extra feed required for growth and maintenance of larger cows 

often reduces the average stocking rate of the farm. In this way the negative impact of 

larger cows in farm profitability is through a reduction of the number of animals available 

for sale and the number of cows in the herd (Wickham, 1993).  

The Livestock Improvement Corporation assessed the effect of cow size (live weight, kg) 

on dairy farm profitability (L.I.C., 1 99 1 ). The results of the report indicate that for a 70 

ha farm with 245 milking cows (stocking rate 3.5 cows/ha) with an average 425 kg live 

weight, producing 1 60 kg of milkfat/cow (560 kg MF/ha), an increase of 50 kg live 

weight/cow with no change in the average herd 's  genetic merit for milk production (i.e. 

payment breeding index) lead to a 5% reduction of the stocking rate (i.e. from 3 .5  to 3.2 

cows/ha), and an average total loss in farm income of $442 1 .  On the other hand, an 

average reduction of 25 kg in the cow's  live weight at the same payment BI lead to a 3% 

increase in the average farm stocking rate (i.e. from 3.5 to 3 .6  cows/ha) and, a total gain 

in farm income of $2542. 

The dairy sire evaluation system currently employed in New Zealand takes into 

consideration the production traits (i.e. fat, protein, volume), traits other than production 

(i.e. cow temperament, udders, etc.) and maintenance traits (i.e. the economic importance 

of cow' s  live weight) to calculate a single figure of the sire ' s  breeding value called 

'Total Breeding Index' (TB I). In this sense TBI is an estimate of the sire' s  breeding value 

for total farm profitability, is easy to use and is the most important breeding tool for the 

farmer (L.I .C. ,  199 1 ) . 

From this review is evident that cow size is a very important component that directly 

affects the efficiency of the dairy cow. This effect is mainly due to the amount of ME 

directed to meet maintenance for cows differing in live weight. Thus, for pasture-based 

dairy production systems, cow size, through its effects on stocking rate and cow gross 

feed efficiency, can play a key role in determining overall farm profitability. 
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Chapter 3 

Materials and methods 

3.1 . Location of the experimental area. 

The experiment was carried out at the Dairy Cattle Research Unit, Massey University, 

from May the 22nd to June the 26lh, 1 992 . 

3 .2. Animals and treatments. 

38 dry-pregnant cows in the range 1 90-230 days of gestation and averaging 5 .8  years age 

were used. Of these, 28 cows were Holstein-Friesian differing in live weight (LW) and 

1 0  were Jerseys. The Holstein group was further divided into two groups differing by 

approximately 1 00  kg in live weight. 

Two levels of feeding were allowed: 

( 1 )  ad libitum level of feeding allowing for 1 kg maternal liveweight gain 

cow-1day·1 (in addition to gain from conceptus) , and 

(2) a maintenance level of feeding. 

(see section 3.5 for details) 

This layout yielded six treatment groups not replicated. The Friesian groups were made 

up each of 7 cows and the Jersey groups of 5 cows each. 

Big Friesians ad libitum GBF 

Big Friesians Maintenance MBF 

Small Friesians ad libitum GSF 

Small Friesians maintenance MSF 

Jersey ad libitum GJer 

Jersey Maintenance MJer 
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3.3. Pastu res. 

Eleven paddocks from a predominantly ryegrass-white clover pasture were used. Six 

paddocks were used by the cows on the ad libitum level of feeding and the remaining 

five paddocks were used by the maintenance fed cows. 

3.4. Experimental design. 

A completely randomised block design with two treatments (two levels of feeding: 

1 = ad libitum; 2 = maintenance) and three blocks given by three groups of non-lactating, 

pregnant dairy cows differing in live weight (1 = Big Friesians; 2 = Small Friesians; 3 = 

Jerseys) was utilized. Within each size, the cows were randomly allocated to their 

respective level of feeding. The average live weight (kg), metabolic weight (LW0·75, kg), 

the stage of gestation and the number of cows per each treatment group at the start of 

the experimental period is presented in Table 3. 1 .  

Table 3.1 .  Mean values (±S.E.) for live weight (kg), metabolic weight (L W0·'5, kg) and days since 
conception at the start of the experimental period for the different treatment groups. 

Level of feeding S ize n' Live Metabolic Drys lRl: 
weight weight <meeptXn 
(kg) (LWm, kg) 

Ad libitum Big Friesians 7 523 ± 1 3 .7 1 09 ± 2.3 1 85 ± 6.5 
Small Friesians 7 4 17  ± 13 .7 92 ± 2.3 1 82 ± 6.5 
Jerseys 5 363 ± 16.2 83 ± 2.7 1 76 ± 7.7 

Maintenance Big Friesians 7 530 ± 1 3 .7 1 08 ± 2.3 1 8 1  ± 6.5 
Small Friesians 7 4 1 2  ± 13 .7  91  ± 2.3 1 65 ± 6.5 
Jerseys 5 360 ± 16.2 81 ± 2.7 1 78 ± 7.7 

number of cowa In each t...tment group. 
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3.5. Calculation of herbage allowances. 

The information from Table 3. 1 was used to calculate the amount of dry matter required 

for each treaunent group. Herbage dry matter allowance for cows in the maintenance level 

of feeding was calculated to meet maintenance and pregnancy. It was assumed that foetal 

growth at this stage of pregnancy was about 0.2 to 0.3 kg per day (Ferrel et al. , 1 976 b). 

In contrast, herbage allowance for the ad libitum level of feeding was calculated to meet 

the requirement of 1 kg of maternal liveweight gain in addition to the requirement for 

maintenance and pregnancy. 

Table 3.2 contains the calculated requirements for metabolizablc energy (ME), herbage 

dry matter (OM) and the corresponding herbage OM allowance (HA) to meet these 

requirements. The calculations show that herbage allowance for the ad libitum level of 

feeding was about 2.25 times the amount offered to the maintenance level of feeding. 

Table 3.2. Calculated requirements of ME (MJ/cow/day), Dl\1 (kg/cow/day) and HA (kg/cow/day) for 
each treatment group at the start of the experimental period. 

Level of Size' n2 
ME required (MJ/cow/day) 

feeding ---··--·----- --- - - - - - - --- - ------- - - - ---

Mainte- Live Total 
nance+ weight 
preg- gain• 

nancf 

Ad libitum BF 7 77 50 127 
SF 7 66 50 1 16 
J 5 61  50 1 1 1  

Maintenance BF 7 77 0.0 77 
SF 7 66 0.0 66 
J 5 60 0.0 60 

1 
BF : Big Frle ...... SF = Small Frleolana, J : Jer.ey. 

2 
Number of cowa per tr..- group. · 

Daily OM 
intake 
required 
(kg/cow)5 

1 1 .5 
-1 0.6 
10.0 

7.0 
6.0 
5 .5 

3 Malnten.nce - aoaumed to ba 0.6 MJ ME.Ikg LWa.75, .,d pregnancy requiring about 1 1  MJ ME/day. 

• For the gain o1 t kg of """""Nil Uvewelghllday. 
5 

Aaournlng 1 1  MJ ME/kg paoture OM (Hutton, 1171� 

Daily herbage 
OM allowance 
required6 

--------------------

kg per kg per 
cow group 

1 7 .0 1 1 9 
1 6.0 1 1 2 
1 4.0 70 

8.0 56 
7.0 49 
6.0 30 

6 Cowa In the ad libitum level of feeding w ... _lllo-d about 1.45 llmeo the dally OM Intake required. and cowo on the maintenance level of fMclng 

were allo-d about 1.15 11meo the dally OM ln111ke required (Holmeo & MclAnaghan, 1980� 
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3.6. Grazing management. 

Cows received only pasture during th e trial a nd no drinking wa ter was provided. The three 

groups of cows on one l evel of feeding were gra zed side by side in the sa me pa ddock 

(Figure 1 ) .  Break gra zing by using electric fences was utilised to achieve the desired l evel 

of pa sture al lowa nce. The cows spent 24 hours in their respective all owa nce, a nd every 

da y ea ch group of cows wa s given a ccess to a new a rea of fresh pa sture. A ba ckfence was 

used to a void regra zing of a rea s al rea dy utilised. The herba ge allowa nce required per 

group (fa ble 3.2) wa s used to cal cula te the da ily a rea required by ea ch group of cows 

in the following wa y: 

1 )  The per group herba ge a ll owa nces were expressed a s  a ra tio of the tota l  

a llowa nce ca lcula ted within ea ch level of feeding ; 

2) The ra tios ca lcula ted in step one were used to ca lcula te the width of the 

a rea a lloca ted to each trea tment group from paddocks on a vera ge 60 m 

width; 

3) The per group herba ge al lowa nce together with an estima te of the pre

gra zing herba ge ma ss (t DM/ha ) ma de with the rising pla te meter were 

used to cal cula te the da ily a rea required for ea ch trea tment group. 

Table 3.3. Information used to calculate the daily areas required by each treatment group. 

Level of Size1 n2 DM herbage allowance Width Area re- Length 
feeding ---------------------------- of the quired if of the 

Per tre- As a ratio of break (m) pre-grazing daily 
atment 1 within from a pa- herbage mass break 
group feeding ddock 60 m in paddock is (m) 
(kg/ level in width 3.3 t DM/ha 
day)) (m2/group/day) 

Ad libitum BF 7 1 19 0.40 24 363.6 1 5 .3 
SF 7 1 1 2 0.37 22 339.4 1 5 . 3  
J 5 70 0.23 1 4 2 1 2.0 1 5 .3 

Maintenance BF 7 56 0.41 25 1 69 .7 6.8 
SF 7 49 0.36 22 1 48.5 6.8 
J 5 30 0.23 1 3  9 1 .0 6.8 

I Bf• Blg Frle� SF- SINIII Frle ...... a, J: .lerMyL 

2 
number of c:owa per ._,_,, group. 

3 Tlbn from T- 3.2. 
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Throughout the experimental period, the cows from each treatment group were grazed on 

ryegrass-white clover pasture, with an average pre-grazing herbage mass of about 3.3 t 

DM ha· 1  (see Table 4. 1 in Chapter 4). Break grazing with daily shifting of electric fences 

was used to manage the groups according to the layout presented in Figure 1 .  

Mai ntenance 

I 
I I 
I I 
I I 

I I 
- - - - - - - r - - - - - - - - - - -r - - - - - - - - - - - - - - -

1 
I · I 

Ad libitum 

I 
I 
I 
I - - - - - - - t - -- - - - - - - - -r - - - - - - - - - - - - - -

J SF 
I I 
I I I 

BF 

- - -- - - t - - - - - - - - - - + - - - - - - - - - - -- - -

T 

Direction 

of grazing 

Fig. 1. Dlagr*" of ._  � being graad by ._ lwnle In ...,. _ group; double linea repr .. ent boundlory ...,..., broken 11,_ r.pre-.t 
1empor..-, electr1c t.nc:ee; llrat .,bclvlalon repre- ._ - of pMtuN •ready utilized; aecond aubdlvlalon repreaent the •ea being grazed by the 

tNatment groupa (J= Jeraey (5 cowe); SF: Srn-'1 Fr1e.,., (7 cowe); BF " Big Frle.,., (7 cows)� The shaded area corresponds to the .,  .. to be grazed 

the following My, - the following IUbdlvlalon la ., extr• etrtp of pa1ure aet up -d ol the cows. 
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3.7. Variables measured and generated In  the experiment. 

3.7 . 1 . Live weight and condition score. 

Four days before the experiment started and three days after the end of the experiment, 

all the cows were grazed together as a single herd at an allowance sufficient for 

maintenance in order to equalize gut fill. On both occasions each cow was individually 

weighed and condition scored using a scale 1 (very thin) to 1 0  (very fat) (Holmes & 

Wilson, 1987) by the same scorer and at the same time each morning. Each cow then had 

four weighings and four condition scores at the beginning, and three weighings and three 

condition scores at the end of the trial. 

3 .7.2. Cow age, previous calving date and days s ince conception. 

Individual records for each cow provided information on cow age, date of the last mating 

and previous calving date. The latter two variables were used to calculate the average time 

of gestation during the experiment for each individual cow. 

3.7.3. Pre-grazlng and post-grazing herbage mass. 

3.7.3. 1 .  Herbage mass assessed by cutting. 

On every third day a motorised sheep-shearing handpiece was used to cut at ground level 

3 random quadrats from each of the six areas corresponding to each treatment group; the 

herbage was then washed and oven dried at 1 00  oc for 24 hr for determination of dry 

matter percentage. 
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3.7.3.2. Herbage mass assessed by plate meter. 

Pre-grazing (PHM) and post-grazing or residual herbage mass (RHM) (t DM!ha) were 

also determined daily for each treatment group by taking 30 readings with a metallic 

square (40 x 40 cm) rising plate meter (Ashgrove, N.Z., LTD), as described by Holmes 

( 1 974) and Earle & McGowan ( 1979). For the determination of the daily areas to be 

grazed by each group of cows, the rising plate meter reading (PMR) was related to the 

standard equation (Holmes, pers. comm.) :  

kg DM/ha= 2 00  + 1 58*PMR 

However, for the final calculations of daily herbage al lowance (HA) and daily herbage 

intake a final calibration equation relating plate meter reading (MR) with a value of 

herbage mass (kg dry matter/ha) was obtained using the following information: 

1 )  The average herbage mass (HM, kg DM/ha) either as PHM or RHM 

obtained for each sampling day by cutting 3 random quadrats from each 

of the grazing areas allotted to the treatment groups, and 

2) The average of the 30 PMR taken before and after grazing from each of 

the grazing areas before the cutting of the quadrats on the same days. 

These respective averages were used to obtain a regression equation of herbage mass 

(HM) on plate meter reading (PMR) for the data collected in the current experiment, as 

shown below: 

HM (kg/DM!ha) = a + b PMR . . . . .  3 . 1 .  

The linear regression coefficient, b, i n  equation 3. 1 .  represents the average increase in kg 

DM/ha of herbage mass per each unit increase in plate meter reading (see Figure 2 in 

Chapter 4). 
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3.7.4. Daily herbage al lowance. 

Herbage allowance for each treatment group was c alculated retrospectively either from 

the pre-grazing herbage mass obtained by cutting the grass on every third day or on a 

daily basis by taking 30 readings with a rising plate meter and using the average of these 

30 readings with the standard equation given in section 6 .3 .2 .  These daily calculations 

were used to maintain the desired herbage allowances for the treatment groups throughout 

the 41 days of experimental period. 

3.7.5. Dai ly herbage intake. 

Daily herbage intake for each treatment group was calculated from the PHM and the 

RHM, either calculated by cutting or by the calibration equation obtained for the rising 

plate meter (see also section 3.8).  

3.7.6. Efficiency of g razing. 

Efficiency of grazing was calculated using the estimates of pre-grazing and post-grazing 

herbage mass in the following way: 

Pre-grazing herbage mass - Post-grazing herbage mass 
Efficiency of grazing =-------------------------------------------------------------------------------------- ------ . . 3.2 

Pre-grazing herbage mass 

3.7.7. Stocking density. 

The daily stocking rate (cowslha/24 hs) or stocking density was calculated from the 

number of cows per treatment group and the daily area allocated to each of these groups 

during the 41 days of the experimental period. 
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3.7.8. Herbage sampling and analysis. 

On every third day and before the cow's daily move to a new area of fresh pasture, 

samples of pasture were plucked randomly from each of the six areas assigned to each 

treatment group. Samples were collected so as to simulate the height at which the 

corresponding group of cows had grazed the previous days area. These samples, labelled 

with the date, the treatment group and the corresponding paddock number, were bulked 

on a per paddock basis and stored into the freezer immediately after sampling for later 

analysis of total nitrogen, ash content, and in vitro digestibility. The in vitro 

determination of herbage digestibility was carried out according to the procedures 

described by Roughan and Holland ( 1 977). 

These analyses provided estimates of the predicted in vivo digestibility of the dry matter 

(IVDMD), in vivo digestibility of the organic matter (IVOMD), and in vivo d igestibility 

of the digestible organic matter digestibility (IVDOMD). These results of herbage 

digestibility were used to calculate the energy content of the herbage (MID) by means of 

the generalised equations given by Geenty & Rattray ( 1 987).  The herbage MID value 

was calculated by using the following equation: 

MJ MFJkg DM = 0. 16*00MD . . . . . . .  3 .3 

where the DOMD value used in equation 3.3 was the one directly calculated from the 

digestibility analysis (IVDOMD). 

3.8. Estimation of i ntake by individual cows from daily faecal output. 

The initial plan was to estimate faecal output using chromium oxide (Cr203) in two 

periods, using controlled release Cr203 capsules (CRC) given to each cow. In the first 

period the CRC (Captec New Zealand Limited) was given on the 3rd day of the trial; twice 

daily faeces collection started seven days later and continued for eight days. However a 

high proportion of the CRC capsules were regurgitated by the cows; consequently in the 
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second period all the cows in the experiment were dosed once a day at 08:00 hours with 

a chromium gelatin pill containing 1 0  g Cr203 (R.P. Sherer Pty Limited). The cows started 

their daily doses on day 20th of the trial; faeces collection started after a seven day 

stabilising period and continued for eight days. Faecal samples for each cow were 

collected twice daily in the field, one in the m orning between 1 0:00 to 1 2:00 and the 

other in the afternoon between 3 :00 to 5 :00 pm. The daily faecal samples of each cow 

were stored in the freezer, sub-sampled and bulked on a per period basis. The 

concentration of chromium in the faeces was measured by means of atomic absorption 

spectroscopy according to the procedure described by Parker et al. ( 1 989). 

3.9. Statistical analysis. 

Differences between the treatment groups were subjected to analysis of variance by 

making use of the procedure GLM of the SAS programme. For the variables derived 

either from individual animals (liveweight change, cond ition score change, age, days 

pregnant) or from the pasture (herbage mass, herbage dry matter allowance, herbage 

intake, metabolizable energy intake), least squares means were calculated for the main 

effects and the interaction by making use of the following two-way model equation: 

Yiik = 11 + F; + Si + FS ii + f. iik . . . . . . 3.6  

Where Yiik is the kth value of any of the response variables (either derived from individual 

animals or from the pasture) listed above, belonging to the j'" size in the i'h feeding level ; F; 

is the effect of the i"' feeding level ( 1  = Ad libitum, 2 = maintenance) ; S; is the effect of 

the jtb size ( 1 =  Big Friesians, 2= Small Friesians, 3=Jerseys), FS ;j is the interaction term, 

and E;j�: is residual associated with each observation of any of the response variables. 

Except the error term, all the effects considered in model equation 3.6 were regarded as 

fixed. 
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Following Conniffe ( 1976) and Johnstone ( 1979), the analysis of variance for the variables 

derived from individual animals was carried out considering each individual cow within 

a treatment group as the experimental unit, and analysing the information as a randomised 

block design. Appendix I shows how the F tests for the main effects (i.e. feeding level 

and size) and the interaction term were accomplished. For the variables derived from the 

pasture assessments the analysis of variance was carried out using the day to day 

variation in the measurements as an estimate of the error term. 

Finally, from the results obtained from the analyses of variance for both the pasture and 

the animal related variables, regression analyses were carried out to partition the intake 

of dry matter or metabolizable energy into m aintenance and liveweight change or 

condition score change for non-lactating pregnant cows differing in live weight. The 

results of such analyses were used to assess the effect of an extra 1 00 kg in  the cow's 

l ive weight on its feed requirements for maintenance, and on the amount of extra 

pasture required on farms stocked with heavier cows. 
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Chapter 4 

Results 

4.1 . Introduction. 

The information generated m this experiment has been used for the following two 

purposes: 

i) Primarily to investigate differences in feed requirements of non-lactating 

dairy cows which differed in live weight, 

ii) And also to assess the effect of cow live weight on the amount of feed 

required on pasture based systems. 

The results are presented under five main headings corresponding to ( 1 )  the estimation of 

herbage dry matter intake or metabolizable energy intake and the variables derived from 

the pasture, (2) the variables derived from the animals' performance, (3) the calculation 

of daily feed requirements of pregnant, non-lactating grazing dairy cows differing in live 

weight, (4) the calculation of feed requirements using the pooled information generated 

in the experiment, and (5) the estimation of the effect of increasing the cow' s  live weight 

by 100 kg on its daily feed requirements for maintenance. 

4.2. Estimation of herbage d ry matter intake. 

The daily herbage dry matter intake was estimated by using the following three 

techniques: ( 1 )  by using chromic oxide (Cr203) as an indigestible marker to assess the 

daily faecal output (FO) of individual cows; (2) by cutting three random quadrats every 

third day from the grazing areas allocated to each treatment group, or (3) by assessing 

both the PHM and the RHM using the plate meter every day. 
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4.2.1 . Estimation of daily faecal output using chromium oxide (Cr203 ). 

Daily faecal output and hence dry matter intake from each individual cow could not be 

measured during the first period because most of the cows regurgitated their chromium 

capsule. During the second period of assessment, each cow was dosed once a day with 

a single chromium gelatin pill. The concentration of chromium appearing in the faeces 

collected was too small as to give realistic figures of daily faecal output. The remaining 

of the analyses, therefore, refers to the estimation of average group intakes assessed by 

combining the results of cutting with the plate meter readings. 

4.2.2. Esti mation of daily herbage OM intake by the plate m eter. 

The averages for PHM and RHM (tonne DM!ha) calculated by cutting three quadrats 

every third day from the grazing areas allocated to each treatment group are presented in 

Appendix II. This information on herbage mass (HM) was used together with the average 

of 30 plate meter readings (PMR) taken before and after grazing from the same areas on 

the same days to obtain a calibration equation, which related the HM to PMR. Figure 2 

shows the relationship between these two variables. In this case PHM and RHM each with 

their corresponding average PMR are plotted together. The best description of the data 

was obtained by fitting the following two regression equations (Appendices 111-3. 1 2  and 

111-3 . 1 3) one for each level of feeding: 

Y1 = 1 58.0 (s.e. 1 2.7) PMR + 764.0 (s.c. 2 1 2) . . . . . .  4. 1 .  

(r = 0.79; C .V. = 29.3%; r.s.d.= 845 kg; P<O.OOOI )  

Y2 = 1 7 1 .0 (s.e. 3 .5) PMR . . . . . . . . . . . . . . . 4.2. 

(r = 0.98; C.V. = 2 1 .6%; r.s.d. = 442 kg; P<0.0001 )  

where Y1 and Y 2  are herbage mass (pre-grazing and post-grazing) for the ad libitum and 

the maintenance level of feeding respectively, and PMR is the average reading (cm) 

obtained with the rising plate meter. These regression equations are plotted in Figure 2. 

The major effect of level of feeding was to change the regression intercept by + 764 kg 
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DM/ha for the ad libitum level of feeding. However, the slopes of the two lines were not 

significantly different from each other. This is not an unexpected result due to the fact that 

cows on each level of feeding were grazed on a different set of paddocks with 

significantly different PHM and RHM (see Chapter 3, section 3.3). 
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Fig. 2. Relationship between plate meter reading (cm) and herbage mass (kg DM/ha) pre and post-grazing 
assessed by cutting. Each symbol represents a daily observation of a treatment group for Big Friesians: 
o.•; Small Friesians: O,t, or Jersey cows: 0,*, fed at maintenance or ad libitum, respectively. The broken 
regression line corresponds to the maintenance level of feeding and the continuous regression line to the ad 
libitum level of feeding. 

These calibration equations were then used within each level of feeding to assess the 

PHM, the RHM, the daily herbage allowance, and the daily herbage intake for each 

treatment group from their corresponding average plate meter reading. Assessed in this · 
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way, the estimated daily herbage dry matter intake refers to the average herbage 

disappearance rate for each treatment group. 

4.2.2.1 . Pre-grazing and post-grazing herbage mass. 

The least square means with their corresponding standard errors obtained from the 

analysis of variance (Appendices IV-4. 1 and IV-4.2) for PHM and RHM, averaged across 

paddocks, are presented in Table 4. 1 .  The PHM of the paddocks allocated to the ad 

libitum fed cows was significantly higher (P<0.05) than that of those allocated to the 

maintenance fed cows. As expected, cows fed ad libitum left behind higher RHM 

(P<O.OO l ) . On average cows fed ad libitum left behind 1 .7 t DM/ha from paddocks with 

an average PHM of 3.7 t DM!ha, compared with only 0.784 t DM/ha left behind by the 

cows on the maintenance level of feeding grazed on paddocks with an average PHM of 

3 .2 t DM/ha. 

Table 4.1 . Least squares means and standard errors for pre-grazing and post-grazing herbage mass 
(t DM/ha) for each treatment group during the experimental period. 

Feeding level 

A. Ad libitum 

B .  Maintenance 

Significance of the difference3 
Main effects: Feeding level 

Size 
Individual treaunents4 
Interaction 

Number of eowa on NC:h 11'- group. 

Size 

Big Friesians 
Small Friesians 
Jerseys 

B ig Friesians 
Small Friesians 
Jerseys 

2 Celc:ulatad from 41 peatura uMaanenta INide wl1h the rlalng plate met•. 

3 • aP<0.05; .. ., P<0.01; •••,. P<0.001;  -••aP<0.0001 ;  NS a Hoe algnlftc;a,t. 

4 U.... In t1w ...,. column with clfteNnt auperaatpta - d111....,..t (P<0.05). 

n '  

7 
7 
5 

7 
7 
5 

Herbage mass (t DM/ha)2 

Pre-grazing 

3.72 ± 0.0731 
3 .65 ± 0.086' 
3 .70 ± 0.076' 

3 .40 ± 0.073b 
3 . 16  ± o.onc 
3.03 ± 0.073< 

A>B* 
NS 

NS 

Post-grazing 

1 .73  ± 0.026' 
1 .7 1  ± 0.030' 
1 .70 ± 0.027' 

0.783 ± 0.026b 
0.8 1 3  ± 0.025b 
0.754 ± 0.026b 

A>B * * *  
N S  

NS 
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4.2.2.2. Herbage dry matter al lowance. 

The daily herbage dry matter allowance was calculated as described in Chapter 3. The 

estimate was obtained from the herbage mass (kg DM/ha) calculated from the plate meter 

assessment, the number of cows in each treatment group and an estimate of the daily area 

(m2) allocated for each treatment group. The least squares means with their corresponding 

standard errors obtained from the analysis of variance (Appendices IV -4 . 3 , IV -4.4 and IV-

4.5) for herbage allowance expressed as kg DM/cow/day, kg DM/1 00  kg l ive weight/day, 

or as g DM/LW0 75 are presented in Table 4.2. From these results could be calculated that 

cows on the ad libitum level of feeding were offered more than twice (i.e. 1 9.6 vs 9.5 kg 

DM/cow/day) the amount of herbage DM allowed to the maintenance fed cows (P<O.OO I ). 

B ig Friesians were offered more herbage DM than Jerseys (P<0.05) when herbage 

allowance was expressed as kg DM/cow/day. However, after herbage DM allowance had 

been scaled either by l ive weight or metabolic weight the significant effect of size and that 

of the interaction were removed. 

Table 4.2. Least squares means and standard errors for daily herbage dry matter allowance (HA) for 
each treatment group during the experimental period (HA expressed either as kg DM/cow/day, kg 
DM/100 kg live weight or g DM!LW-'5). 

Feeding level 

A. Ad libitum 

B .  Maintenance 

Significance of the difference3 

Main effects: Feeding level 
Size 

Individual treatments4 

Interaction 

Size1 

BF 
SF 
J 

BF 
SF 
J 

Daily herbage dry maner allowance2 

- - ---------------- - - - - - - - - - - - -- - - - - - - - - - - - - - - ---------

kg/cow %LW glkg LW 75 

22.5 ± 0.293 4.0 ± 0.06b 1 96 ± 2.3' 
1 9.3 ± 0.34" 4.3 ± o.o1· 197 ± 3.5' 
1 7 . 1  ± 0.30( 4.5 ± o.o1· 198 ± 3 . 1 3  

1 1 .0 ± 0.29d 2.0 ± 0.06< 97 ± 3 .0" 
9.6 ± 0.29< 2.2 ± 0.06< 1 0 1  ± 2.9b 
7.7 ± 0.29r 2.4 ± 0.06< 92 ± 3.0b 

A>B ** A>B ** A>B **  

BF>J * NS NS 

* NS NS 

1 
BF: Big Frle...,, (7 c:owa In NCh trMtmenl group); SF= Smlill Frteu- (7 cowa ln uch trealment group); J= Jereeya (5 cowa ln Nc:fl trNtment group� 

2 
Cal�d from 41 putuN .... amenea nw<�e wt1h 1he r111ng plate meter. 

3 
4 

• •P<.O.OS; "c P<.0.01; -= P<0.001; •-,.P<0.0001; NS c Not llgnlflc:.nt. 
M-.. In the a.ne column with clfleNnt auperac:r1pta •• cl1f8renl (P<O.OS� 
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4.2.2.3. Apparent herbage dry m atter intake (average for each treatment group). 

The results of the analysis of variance (Appendices IV-4.9, IV-4. 10  and IV-4. 1 1 ) are 

presented in  Table 4.3. Cows on the ad libitum level of feeding ate about 47% more 

DM/cow/day (i.e. 10.5  vs 7 .0 kg DM/cow/day) than those on the maintenance level of 

feeding (P<O.O l ). Differences in herbage intake (kg DM/cow) due to size were highly 

significant with heavier cows eating more than smaller ones. After the scaling of DMI 

either by live weight or metabolic weight differences between levels of feeding still 

remained but the differences in intake due to size were removed. 

Table 4.3. Least squares means and standard errors for herbage d ry matter intake (DMn for 
each treatment group (DMI expressed as kg DM/cow/day, kg DM/100 kg live weight, and 
as g Dl\VL \¥'·75/day). 

Feeding level Daily herbage dry matter intake2 

A. Ad libitum 

B .  Maintenance 

S ignificance of the difference3 
Main effects: Feeding level 

Size 

Individual treaunents4 
Interaction 

B F  
SF 
J 

B F  
SF 
J 

kg/cow 

1 2.0 ± 0.26. 
1 0.2 ± 0.30b 
9 .2 ± 0.26c 

8 .4 ± 0.26d 
7 . 1  ± 0.25' 
5 .8 ± 0.26( 

A>B** 
BF>SF *** 
BF>J ***  
SF>J * *  

NS 

%LW 

2 . 1  ± 0.05b 
2.7 ± 0.07"b 
3 . 1  ± 0.06· 

1 .7 ± 0.06< 
2 .0 ± O.OY 
1 .9 ± 0.06< 

A>B** 
NS 

NS 

glkg LW 75 

1 04  ± 2.61 
1 05 ± 3.0' 
1 06  ± 2.7· 

74 ± 2.6b 
75 ± 2.6b 
69 ± 2.6b 

A>B ** 
NS 

NS 

1 BF: Big Frle&lana (7 cowaln each -...m group); Sfz s.n.ll Frle&lana (7 cowa ln Mch treatment group):J= JerMya (5 cowa ln each tr-..t group� 

2 
caiC:UU.d ffom 41 puture .... amen�. nwde with h rtalng plfto nMIIer. 

3 • :P<O.OS; ""= P<O.Ot; •••: P<0.001; """"=Podi.0001 ;  NS : Not algnlftanl 
4 

.._,. In - ..,. column with � auperacrtpta •• rlftMW�t (P<O.OS). 
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4.2.2.4. Efficiency of g razing, daily area and stocking density. 

The least squares means for daily area (m
2
/cow/day), daily stocking rate or stocking 

density (cows/ha/24 h) and efficiency of grazing (%) are presented in Table 4.4. Cows fed 

ad libitum were offered significantly much larger (P<O.O l )  areas (53 m
2
/cow/day) than 

those fed at maintenance (29 m
2
/cow/day). Similarly the stocking density of 347 

cows/ha/24 h for the maintenance fed cows was much higher (P<0.005) than the 1 9 1  

cows/ha/24 h o f  the ad libitum fed cows. Moreover, within level of feeding lighter cows 

were offered smaller areas of pasture (P<O.O l )  and tended to graze at significantly higher 

stocking densities (P<0.0 1 ). Efficiency of grazing was very similar between treatment 

groups within the ad libitum level of feeding, but it was higher (P<0.05) for Big Friesians 

than for Jerseys within maintenance level of feeding (P<0.05). Between levels of feeding, 

the maintenance fed cows achieved a higher efficiency of grazing of 75% than the 53% 

achieved by the ad libitum fed cows (P<0.0 1 )  (Appendices IV-4. 1 2 , IY-4. 1 6). 

Table 4.4. Least squares means and standard errors for daily area (m2/cow), stocking density 
(cows/ha/24 hours) and efficiency of grazing ( % ). 

Feeding level 

A. Ad libitum 

B .  Maintenance 

Significance of the difference3 
Main e ffects: Feeding level 

Size 
Individual treatments4 
Interaction 

Size1 

BF 
SF 
1 

BF 
s 
1 

Daily Area2 

(m2/cow) 

61 ± 1 .081 
54 ± 0.86b 
47 ± 0.83< 

33 ± 0.54d 
3 1  ± 0.66d 
26 ± 0.3(1 

A>B** 
NS 

* * * *  

Stocking� Efficiency of 
Density grazing (%) 
(cows/ha/24 h) 

1 66 ± 5.0' 53 .0 ± 0.97b 
190 ± 5.9b 52.7 ± 1 . 1 5b 
2 16  ± 5.2< 53 .3 ± 1 .0 1 b  

3 1 2  ± 5.� 76.4 ± 0.97" 
334 ± 4.9' 73.6 ± 0.96b 
393 ± 5 .<1 74.5 ± 0.97•b 

A>I3 ** A>B ****  
J>BF* NS 

** NS 

1 Bf= Big -� (7 cows In MCh ._,.,, group); Sfa Snwll Ftle.-,a (7 cowa ln  MCh treatment group); J= Jer .. ya (5 cowa ln MCh trutrnent group� 
2 Clilau.d .. .,.. 41 ..... - o1 dollly ... « atoddng density. 
3 • cP<O.OS; .. ., P<0.01; - P<0.001; -P<0.0001 ;  NS • Nol algnlftclnt. 
4 - In .,. ...,. coh.mn With c1111orwot auperaatpta .. cl1fMWII (P<O.OS). 
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4.3. Estimation of metabolizable energy al lowance and ME intake. 

4.3.1 . Herbage digestibil ity and ME content. 

Table 4.5 presents the results of the in vitro digestibility analyses of the herbage samples 

and the calculated ME content of the herbage dry matter derived from them. The results 

are presented for each paddock as values for the herbage samples bulked within each 

paddock. The energy cor.tent of the herbage dry matter was calculated as described in 

Chapter 3.  

Table 4.5. Herbage organic matter content (OM, % ) ,  nitrogen content (N, % ), predicted i n  vivo 
digestibility of the dry matter (DMD, % ), predicted in vivo digestibility of the organic matter expressed 
as a proportion of the dry matter (DOMD, %) and predicted in vivo digestibility of the organic matter 
(OMD, % ). 

Feeding level Paddock OM N DMD DOMD DOM ME 
number (%) (%) (%) (%) (%) (MJ!kg DM) 

Ad libitum 02 87.7 3 .6 78.7 70.6 80.8 1 1 .5 
04 88.6 3 .4 81 .6 73.3 83.2 1 1 .2 
32 86.3 3.5 76.5 68.6 79.4 1 1 .6 
34 88.4 4 . 1  79.7 7 1 .6 8 1 .3 1 1 .2 
56 88.7 3.5 77.3 70.0 79.5 1 1 .5 
57 89.0 3.5 80.0 72.5 82.0 1 1 .5 

Maintenance 03 86. 1 3.2 79.0 70.0 80.6 1 1 .9 
05 87.7 3.5 79.7 7 1 .3 8 1 .6 1 1 .7 
08 86.5 4.2 76.2 68 . 1  78.8 1 1 .4 
09 87.7 3.6 78.7 70.6 80.8 1 1 .7 
1 0  87.7 3 .6 78.7 70.6 80.8 1 1 .5 

Mean±S.E. 
Ad libitum 88. 1  3 .63 79.0 7 1 .0 8 1 .0 1 1 .4 

±0.4 ±0. 1  ±0.8 ±0.7 ±0.6 ±0.07 
Maintenance 87.1  3 .60 78.4 70.0 80.5 1 1 .6 

±0.3 ±0. 1 6  ±0.6 ±0.5 ±0.5 ±0.08 
Total 87.7 3 .61  78.7 70.6 80.8 1 1 .5 

±0.3 ±0.08 ±0.5 ±0.5 ±0.4 ±0.06 
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4.3.2. Metabolizable energy al lowance. 

The least squares means for the daily metabolizable energy allowance (MEA) obtained 

from the analysis of variance (Appendices IV-4.6, IV-4.7 and IV-4.8) are presented in 

Table 4.6. Cows on the ad libitum level of feeding were offered a significantly higher 

(P<O.OO l )  MEA of 2.3 MJ MEILW0·75/day compared with only 1 . 1  MJ ME/LW0·75/day 

offered to cows on the maintenance level of feeding. Big Friesians were offered higher 

(P<0.05) MEA than Jersey when MEA was expressed as MJ/cow/day. However, within 

level of feeding after the data had been scaled by metabolic weight the significant effect 

of size and that of the interaction were removed. Within the ad libitum level of feeding 

MEA (MJ/L WO 75/day) was similar for the three treatment groups; within the maintenance 

level of feeding, however, the Small Friesians had significantly higher MEA than Jerseys 

but similar to Big Friesians. 

Table 4.6. Least squares means and standard errors for metabolizahle energy allowance (MEA) for 
each treatment group (MEA expressed as MJ/cow/day, MJ/100 kg LW or MJJLW0·75). 

Daily metabolizable energy allowance 

Feeding level S ize1 

A. Ad libitum BF 
SF 
J 

B .  Maintenance B F  
SF 
J 

Significance of the difference2 

Main effects: Feeding level 
S ize 

Individual treatments• 

Interaction 

MJ/cow 

259.6 ± 3.31 
223 .3 ± 3.9b 
1 98.7 ± 3S 

1 25 .6 ± 3.3d 
1 09.7 ± 3.3° 

88.6 ± 3.3r 

A>B ** 

BF>J * 

* * *  

MJ/100 kg LW MJ/ kg LW07s 

46.7 ± 0.73< 2.27 ± 0.0331 
49.6 ± 0.86b 2.29 ± 0.039" 
52.0 ± 0.76' 2.30 ± 0.035" 

23.0 ± 0.73< 1 . 1 0  ± 0.033bc 
25.3 ± 0.72d 1 . 1 5  ± 0.033b 
23.8 ± 0.73de 1 .04 ± 0.033< 

A>B ** A>B * * *  
NS NS 

**  NS 

1 BF= Big Frlellana (7 cows In each -menl group); SF= Smllll Frlesiara (7 cows In each lreatment group); = Jersey a (S cows In .. eh traatment group� 

2 • :P<O.OS; -= P<0.01; •••,. P<0.001; -=P<0.000 1; NS=Hoe olgn111cant. 

4 � In - same column wl1h cl11erent supersa1pta .,. clft.,..,t (P<O.OS). 
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4.3.3. Metabolizable energy intake. 

The results of the analysis of variance (Appendices IV-4. 13 ,  IV-4. 1 4, and IV-4. 1 5) for the 

daily intake of metabolizable energy (MEI) achieved by each treatment group are 

presented in Table 4.7. MEI was expressed either as MJ/day, MJ/1 00  kg LW/day or as 

MJ/k:g LW0·75/day. Cows on the ad libitum level of feeding had a higher (P<O.O l )  

estimated MEI of 1 .2 1  MJ ME/LW0'75/day compared with only 0.82 MJ ME/LW0'75/day 

achieved by those cows in the maintenance level of feeding. Heavier cows had 

significantly higher daily MEI than lighter cows when MEI was expressed as MJ/cow/day, 

but the difference was removed when MEI was scaled either by live weight or metabolic 

weight. 

Table 4.7. Least squares means and standard errors for metaholizahle energy intake (MED (l\1EI 
given as MJ/cow/day, MJ/100 kg LW or MJ!L\V0·75). 

Feeding level Size1 

A. Ad libitum BF 
SF 
J 

B .  Maintenance BF 
SF 
J 

Significance of the difference2 
Main effects: Feeding level 

Size 

Individual treannents• 
Interaction 

Daily metabolizablc energy intake 

MJ/cow 

1 3 8 .0 ± 3 .0' 
1 1 8.0 ± 3.5b 
1 06.0 ± 3 .lc  

96.5 ± 3 .0d 
8 1 .4 ± 2.9' 
66.4 ± 3.01 

A>B ***  
BF>SF*** 
BF>J ***  
SF>J**  

NS 

MJ/ 100 kg LW 

25.0 ± 0.66b 
26.3 ± 0.78•b 
28.0 ± 0.69' 

1 7.6 ± 0.66' 
1 8 .8 ± 0.65' 
1 8.0 ± 0.66' 

A>B * 
NS 

NS 

MJ/LvtJ 75 

1 .20 ± 0.030' 
1 .2 1  ± 0.036. 
1 .23 ± 0.03 1'  

0 .85 ± 0.030b 

0.85 ± 0.030b 
0.78 ± 0.03Qh 

A>B ** 
NS 

NS 

1 BF: Big Frle...,s (1 cows In ..eh lr-group� SF: SnWI Frle...,s (1 cows In Mch lrealment group):J= Jerseys (5 cows In each _, group� 

2 • :P<O.OS; -= P<0.01; •••= P<0.001; -··=Pdi.0001 ;  NS:NOI slgnlft� 

. 

3 ......,. In the ..,.,. column with clller- auperscrlpts .. clft....,t (Pdi.OS). 



7 1  

4.4. Variables derived from the animals' performance. 

4.4.1 . Cow age and stage of pregnancy. 

The results of the analysis of variance for cow age and days since conception are 

presented in Table 4.8,  and Appendix VII gives the individual values for each cow. For 

days since conception there were no significant differences either between feeding levels 

or sizes; for cow age, however, B ig Friesians were significantly older than Small 

Friesians (P<0.05). 

Table 4.8. Least squares means and standard errors for cow age and days since conception for 
each group of cows during the experimental period. 

Feeding level 

A. Ad libirum 

B. Maintenance 

Significance of the difference3 

Main effects: Feeding level 
Size 

Individual treaunents4 

Interaction 

1 BF : Big Frieslana; SF z Small Frleslanl; J = Jersey. 

2 Number of COWl pet' lrN1ment group. 

Size' 

BF 
SF 
1 

BF 
SF 
1 

3 •., P<0.05; - "  P<O.OI; -· : P<O.OOI ;  ••- z P<O.OOOI ;  NS " Not lllgnlllc.nt. 

4 -.. In - ..,.,. column wl1h cl!llorent ....,.,.c:npta - clft.,...t (P<O.OS). 

4.4.2. Liveweight change. 

Cow age 
(years) 

6.95 ± 0.55"b 
4.39 ± 0.5Y 
5 .63 ± 0.66bc 

g . 1 2  ± 0.55" 
4.23 ± 0.5Y 
5 .43 ± 0.66bc 

NS 
BF>SF* 

NS 

Days 
pregnant 

205 ± 6" 
202 ± 6"b 

1 96 ± gab 

201 ± 61b 

1 g5 ± 6b 

1 9g ± gab 

NS 
NS 

NS 

The results of the analysis of variance for initial live weight (IL W) (kg/cow) final l ive 

weight (FLW) (kg/cow), total liveweight gained (kg/cow) during the 4 1  days of 

experimental period (.6.L W), and the corresponding average daily liveweight gain (L WG) 

(kg/cow) for cows in each treatment group are given in Table 4.9. Appendix V gives the 
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corresponding individual values for each cow. The results of the analyses indicated no 

differences between sizes in either & W or L WG; however, cows on the ad libitum level 

of feeding gained twice the amount of liveweight gained by the cows on the m aintenance 

level of feeding (P<0.05). On average, cows fed ad libitum gained about 57 kg/cow 

during the 4 1  days the experiment lasted, compared with only 32 kg/cow for cows in the 

maintenance level of feeding. The corresponding figures for LWG were 1 .38 and 0.78 

kg/cow/day for the ad libitum and the maintenance level of feeding, respectively. 

Within each level of feeding Big Friesians and Small Friesians tended to have similar 

rates of liveweight gain and significantly higher than the Jerseys. As expected, due· to the 

random allocation of cows from each size-group to the treatment groups, differences in 

initi al live weight were not significant, but highly significant between sizes for both 

initial and final live weight. 

Table 4.9. Least squares means and standard errors for initial live weight, final l ive weight, total 
liveweight change, and daily liveweight gain (kg/cow, u nadjusted for pregnancy) during the 
experimental period. 

Feeding level Size' Initial Final .6.LW Daily LWG 

LW (kg) LW (kg) (kg) (kg) 

A .  Ad libitum BF 523 ± 1 3.7' 588 ± 14.7. 65 ± 4 .31 1 .59 ± 0 . 10" . 
SF 4 1 7  ± 1 3 .7b 483 ± 14.7b 66 ± 4.3' 1 .60 ± 0 . 10" 
J 363 ± 16.2c 402 ± 17 .4c 39 ± 5 .0h 0.95 ± 0. 1 2b 

B .  Maintenance BF 530 ± 13. 7· 567 ± 14.73 37 ± 4.3b 0.90 ± O . I Ob 
SF 412 ± 1 3 .7b 452 ± 1 6.0b 35 ± 4 .6b 0.86 ± O . I Ob 
J 360 ± 16.2c 384 ± 1 7 .4c 23 ± 5 .0C 0.57 ± 0 . 12< 

Significance of the difference2 
Main effects: Feeding level NS A>B *  A>B* A>B *  

S ize BF>SF** *  BF>SF** *  NS NS 
BF>J ***  BF>J****  
SF>J * *  SF>J**  

Individual treatments3 
Interaction NS NS NS NS 

1 Bfz Big Friesian& (7 cows In MCh tr-t group); Sfz Snwoll Frlelllllna (7 c-a in each trNtment group); J= Jeraeya (S c-s ln NCh trNtment group� 

2 • •P<O.OS; ... P<0.01; •••c P<0.001;  -··P<0.0001 ;  NS • Nol lllgntflc.nt. 
3 ....,. In .,. _,. column wl1h cln.rent �act1pta •• cltl.....,t (P<O.OS). 



73 

4.4.3. Condition score change. 

The results for initial cow condition score (ICS), final cow condition score (FCS), total 

condition score change during the 4 1  days of experimental period (�CS), and average 

daily CS gain (CSG) for each treatment group are summarized in Table 4. 1 0. The 

individual cow values for each of these variables are given in Appendix VI. The results 

of the analysis of variance indicated no differences for either ICS or FCS due to feeding 

level or size. In contrast, both �CS and CSG were higher (P<0.05) for the ad libitum 

fed cows. On average, cows fed ad Libitum gained 1 . 1 2  CS units compared with only 

0.4 1  CS units gained by cows on the maintenance level of feeding. 

Table 4. 10. Least squares means and standard errors for initial condition score, final condition score, 
total condition score change and average daily condition score gain during the experimental period. 

Feeding level Size1 Initial CS Final CS �CS Daily CSG 

A. Ad libitum BF 4.9 ± 0 . 1 71 6.2 ± 0.28. 1 .3 ± 0 . 1 71 0.03 1 ± o.cxw 
SF 4.5 ± 0 . 1 7•b 5.5 ± 0.28"b 1 .0 ± 0.1 7•b 0.024 ± 0.004•b 
J 4.3 ± 0 .20b 5 .4 ± 0.33ab 1 . 1  ± o.2o· 0.026 ± 0.005" 

B .  Maintenance BF 4.6 ± 0 . 1 7"b 4.8 ± 0.28b 0.26 ± 0.17b 0.006 ± 0.004b 
SF 4.5 ± 0 . 1 7•b 5.0 ± 0.30b 0.48 ± 0.19b 0.0 1 1 ± 0.004b 
J 4.3 ± 0 .20b 4.8 ± 0.33b 0.50 ± 0.20b 0.0 1 2  ± 0.005b 

Significance of the difference2 
Main effects: Feeding level NS NS A>B *  A>B * 

Size NS NS NS NS 
Individual treatments3 
Interaction NS NS NS NS 

� �:;-'���"!"':,:C,;,"::,. �=�:=,':.:: =�== (7 cowo ln MCh trMtment group);J"-'-raeyo (5 cowo � MCh tNatment group� 

....-.. In the _,. column with cltl....,.t oupwocnpta •• clttwent (P<O.OS� 
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4.5. Relationship between b.CS and l iveweight change. 

Liveweight change and condition score change were the only two variables in this 

experiment that provided both individual cow data and group means data. The regression 

of total liveweight change (kg/cow) (& W) on total condition score change (CS units/cow) 

(b.CS) during the experimental period (Appendices III-3 .3 ,  III-3 .4  and III-3.5) usmg 

individual cow data yielded the following equations for each size-group: 

Big Friesians: .6.LW = 37.8 + 1 7.3 bCS (r ==0.59; P<0.02) 0 4.3 

Small Friesians: .6.L W = 39.3 + 16.3 bCS (r = 0.52 P<0.05) . 4.4 

Jerseys: .6.LW = 16.2 + 18 .9 bCS (r = 0.67 P<0.03) . 4.5 

The equations for Big Friesians and Small Friesians were not statistically different from 

each other. However, they both were different to that calculated for the Jersey group. The 

three equations had similar slope but the Jerseys had a significantly lower intercept. For 

comparative purposes with other studies where both Friesian and Jersey cows were used, 

a pooled regression equation for individual cow data without regard to size and one using 

group means were also calculated (Appendices III-3.6 and III-3.7).  These equations are 

presented below: 

Pooled regression: .6.LW=33.0 + 17 .0 bCS (r = 0.5 1 ;  P<0.001 )  . 4.6 

Regression using group means: .6.LW = 52.7 bCS (r = 0.95; P<0.001)  . . . 4.7 

These regression equations are plotted in  Figure 3(a) and 3(b). From these results, the gain 

of one CS unit was equivalent to 55. 1 kg .6.L W for Big Friesians, 55.6 kg .6.L W for Small 

Friesians and 35.0 kg b.LW/.6. one CS unit for Jerseys. The pooled regression yielded an 

estimate of 50 kg and the regression using group means one of 52.7 kg .6.L W lb. CS unit. 
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Equations 4.3 to 4.5 also predict that zero change in condition score corresponds to a .6L W 

of 37.8,  39.3 and 1 6.2 kg/cow, for BF, SF, and J respectively. This liveweight change 

at zero CS can be regarded as an estimate of the gain in weight of the gravid uterus (i.e. 

foetus + foetal fluids + foetal membranes + uterus), if it is assumed that zero �CS equals 

zero maternal liveweight gain (ML WG) (Carruthers, 1 980); and hence can be used as an 

estimate of the average daily L WG at which the cow is at maintenance. Table 4. 1 1  

presents the estimated weight change of the gravid uterus calculated from equations 4. 3 

to 4.5 and calculated by means of the prediction equation given by Ferrell  et al. ( 197 6 b). 

Along with these estimates, Table 4. 1 1  also presents the least squares means calculated 

for average days pregnant and the cow's ' total' daily liveweight gain, and the estimated 

maternal liveweight change derived from these estimates. 

Table 4.1 1 .  Least squares m eans for average days pregnant and total dally LWG (i.e. maternal + gravid uterus weight gain); 

gravid uterus and m aternal llveweight gain estimated from regression equations relating Al. W to <�.CS or p redicted as by Ferrell 

et al (1976 b). 

Size-group Regression Average Daily Weight change of the Maternal LWG' 
equation days LWG gravid uterus !!gldavf ·- - ---------- ---------- --

pregnant (kg/cow)' Estimated Predicted Estimated Predicted 

Big Friesians ALW=37.8+ 1 7.3<�.CS 203 1 .24 0.922 0.583 0.3 1 8  0.656 

Small Friesians Al. W=39.3+ 1 6.3<�.CS 1 93 1 .23 0.960 0.505 0.270 0.724 

Jerseys ALW= 16.2+ 1 8.9ACS 1 97 0.76 0.395 0.535 0.365 0.224 

' Total rr-lght gain (lA. maternal + gravid utarua -lght gain). 
1 Eatlmlllad from the lntarcapl of the ragrauion aquatlona of A LW on <�.CS or predicted uaing Ferrall"a at •L (1876 b) pradiC1ion equation. 
3 La. Actual dally LWG • Eatlmetad or predicted gravid utarua -lght gain. · 

4.6. Feed requirements for zero �CS calculated separately for each size-group. 

Feed intake requirements for maintenance were calculated separately for each size-group 

as the daily amount required for the average weight gain of the gravid uterus (derived in 

Table 4. 1 1  above) and using the group means of live weight and intake. Fig. 4(a) shows 

the relationship between LWG and daily metabolizable energy intake (MJ MEJLW0·75/day) 

using group means. For each size-group the average weight gain of the gravid uterus 

estimated from the intercepts of equations 4.3 to 4.5 are also given. Fig. 4(b) shows the 

relationship between the same variables, but in this case the weight gain of the gravid 

uterus corresponds to that estimated using Ferrell 's et al. ( 1 976 b) prediction equation. 
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Table 4. 1 2  summarizes the predicted daily feed intake requirements for maintenance of 

each size-group. Feed required for zero .D..CS assessed from the average weight gain of the 

gravid uterus calculated by regression analyses of AL W on .D.. CS appeared to be higher for 

heavier cows (i.e. BF, 0.868; SF, 0.902 and J, 0.599 MJ ME(LW·75/day) .  

When zero .D..CS was assessed as  the average weight gain of the gravid uterus predicted by 

Ferrell ' s  equation, the predicted MEm for the three size-groups was very similar (i.e. BF, 

0.695; SF, 0.683 and J, 0.750 MJ ME/L W·75/day). However, both ways of assessing MEm 

separately for each size-group required a great deal of extrapolation, which might affect 

the accuracy of the estimates calculated. 

Table 4.U. Estimated dally Intake of dry matter or metabollzable energy required for maln tenance
1

• 

Size-group Weight gain Estimated daily intake required for maintenance calculated from (a) the estimated 
of the gravid or (b) the predicted weight gain of the gravid uterus: 
uterus (kg/dayf --- --------------------------------------------------------------------------------------------- - - - ---

a b 

Big Friesians 0.922 0.583 

Small Friesians 0.960 0.505 

Jerseys 0.395 0.535 

kg DM/cow 
a b 

8.6 6.9 

7.5 5.6 

4.4 5.5 

g DM/LWm 

a b 

75.8 6 1 .3 

78.7 60.4 

52.8 66.2 

2 A8aumlng malntenonce la equol to the eolculoted overoge goln In weight of the gr8vld uteruo; 

calculated from reg,...lon anolyeH of LW on CS (a) or p<edlcted from Ferrell"o et al. (1 1176 b) equation (- Table •.1 1 ). 

MJ ME/LW 75 

a b 

0.868 0.695 

0.902 0.683 

0.599 0.750 

4.7. Feed requirements for the average .D..LW or the average .D..CS calculated 

separately for each size-group. 

Total daily intake of feed and total daily allowance requirements (i.e. for maintenance 

+ pregnancy + liveweight gain or CS gain) of dry matter or metabolizable energy for 

cows differing in live weight were calculated using the group means for these variables 
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and either cow condition score or liveweight change. Total feed requirements were 

calculated as the daily amount required for either the mean change in condition score 

or the mean change in liveweight. The same procedure also was followed to calculate the 

daily herbage allowance required to meet these requirements. 

4.7.1 . Feed Intake requirements. 

The relationships between L WG and daily metabolizable energy intake (MJ 

ME/LW 75/day) using group means is plotted in Figure 5. The corresponding relationship 

between .6.CS and the same variable is plotted in Figures 6. Table 4. 1 3  summarizes the 

predicted daily feed requirements for each size-group, calculated either for the average 

liveweight gain or the average condition score gain achieved by all the cows involved in 

the experiment. 

For the mean liveweight change the Jersey cows had both the higher estimated total 

daily herbage DMI requirement (kg/cow/day) and the higher MEI requirement 

(MJfLW0·75/day) (see Table 4. 1 3). However, the range in daily liveweight gain for the 

Jerseys was outside the average for which the prediction was made (see Figure 5 below), 

which might affect the accuracy of the estimates obtained by this method. 

Table 4.13. Estimated dlllly amount of dry matter Intake or metabol lzable energy Intake required to achieve (a) the 
mean change In llvewelght or (b) the average change In total condition score. 

Size-group1 Daily intake required for: 

kg DM/ g DM/ MJ ME/ kg DM/ g DM/ MJ ME/ 
COW Lvf>.7S Lvf>.7S COW Lvf>.7S Lvf>.7S 

Big Friesians 9.5 84.0 0.965 1 0.2 89.5 1 .03 

Small Friesians 8.2 85.0 0.979 8.9 9 1 .5 1 .05 

Jerseys 1 0.6 1 23.0 1 .430 7.4 86.0 1 .00 

� Averege live weight of the co- (kg): BF:552; SF �<442; J: 3n. 
3 Meen dally llva-lght gain for all tha groupa during tha experimental period = 1.12 kg/cow/dey. 

Meen totel condition .coN chenge during the experimental period = o.n C.S unite/cow. 
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In contrast, for the average condition score change all the size-groups were within the 

range of the prediction (See Figure 6). Calculated by this method, the Jersey cows had the 

lowest daily herbage DMI requirement (kg/cow/day), Big Friesians the highest, with Small 

Friesians being intermediate between the two. However, when their feed intake 

requirements were expressed as MJ ME!Lw<'-75/day, the values obtained for the three 

size-groups were virtually the same (i.e BF, 1 .03; SF, 1 .05, and J, 1 .00 MJ ME/kg 

LW0·75/day; see Table 4. 1 3).  
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4 .7.2. Herbage al lowance requirements. 

8 1  

The relationships between L WG or �CS and daily herbage D M  allowance (kg 

DM/cow/day) using group means are plotted in Figures 7 (a) and 7(b). Table 4. 1 4  

summarizes the estimated daily allowances required for each size-group t o  meet the daily 

requirements either for the mean liveweight change or the mean condition score change 

obtained in Table 4. 1 3. 

For the mean liveweight change, the Jersey group had the highest herbage allowance 

requirement (2 1 .2 kg DM/cow/day), the group of Big Friesians were intermediate ( 14.6 

kg cow/day) and the Small Friesians had the lowest herbage allowance requirement ( 1 3.0 
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kg/cow/day). When these allowance requirements were expressed on a metabolic weight 

basis, the Jersey group still had the highest allowance requirement (2.84 MJ 

MFJLW0·75/day), but Big Friesians ( 1 .47 MJ MEILW0 75/day) and Small Friesians ( 1 .57 

MJ ME/LW0·75/day) had very similar daily herbage DM allowance requirements. 

In contrast, for the mean condition score change, heavier cows appeared to require higher 

daily herbage DM allowances (i.e. BF, 16 .8 ;  SF, 15 .0, and J, 1 2.3  kg herbage 

DM/cow/day). However, when HA was expressed on a metabolic weight basis, the three 

size-groups had very similar daily herbage allowance requirements (i.e. SF, 1 . 8 ;  B F, 1 .7, 

and J, 1 .6 MJ ME/LW0·75/day). 

Table 4.14. Estimated dwly amount of either dry matter allowance or metaholizahle energy allowance required to 

achieve (a) the mean change in liveweight or (b) the mean change in total condition score. 

Size-group Daily allowance required for: 

(a)' 

---------------------------------------

kg DM! g DM! MJ ME/ 
COW L\\fl.75 L\\fl.75 

Big Friesians 1 4.6 128.0 1 .47 

Small Friesians 1 3 .0 1 34.5 1 .54 

Jerseys 2 1 .2 245.0 2.84 

MNn cWiy Uvewelghl gooln for •11 the grou� during the ex�rlmenllll period= 1.12 kg/cow/day. 
2 MNn toWI eondiUon score ehlnge clurlng lhe experlmanllll period = o.n ea unltiJcow. 

- - -- - ----- - -- ---------- -------- -- --- --

kg DM! g DM/ MJ ME/ 
cow L\\fl.75 

L\\fl.75 

16.8 1 47.0 1 .70 

1 5 .0 1 55.0 1 .80 

1 2.3 1 4 1 .0 1 .60 
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Une M .,.  middle or the grtlph .-.preeenta .,. aYef8De LWG (a) or .,.  averege CS gllln (b) f« ell the grouf» during the 
experimental period. 
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4.8. Feed requirements for zero .6.CS and CS gain pooled for the three size-groups. 

The least squares means for group mean intakes obtained from the analyses of variance 

for herbage dry matter intake, intake of ME, and gain in condition score were used to 

assess the partition of the daily MEI or DMI towards maintenance, and gain in  condition 

score, by means of regression analyses (see Figure 8). The regression of daily herbage 

dry matter intake (kg DMI/kg LW0·75/day) on .6.CS (CS units/cow/4 1 days experimental 

period) using group means (Appendix III-3.2) yielded the following equation: 

DMI/LW75= 0.057 + 0.041 .t:.CS (r = 0.93;  P<0.007) . . .  4.8 

From this equation can be calculated that the cows used in this experiment required either 

57 g herbage DMIL W0·75/day or 5.7 kg DM/cow/day for a 457 kg cow (the average live 

weight of the cows used in this experiment) to maintain condition score without change; 

and for the gain of one condition score unit during 41 days of experimental period they 

required an amount above maintenance of about 1 67 kg herbage DM/cow/during the 4 1  

days o f  experimental period. The corresponding regression (Appendix III-3. 1 ) using the 

group means for metabolizable energy intake (MEI, MJ ME/kg LW0·75/day) and .6.CS is 

indicated below: 

MEIIL Vo/'·75 = 0.648 + 0.490 .t:.CS (r = 0.93; P<0.005) . . . .4.9 

This equation predicts zero change in condition score (i.e. an estimate of the MEm free 

of pregnancy) at a daily MEI of 0.648 MJ MFlkg LW0 75, and the MEI required above 

maintenance for the gain of one condition score unit to be about 1 986 MJ ME/.6. 1  CS unit. 
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4.9. Effect of large cow size on dal ly feed requirements. 
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The effect of an extra 1 00  kg cow live weight on cow feed requirements for maintenance 

(i.e. MEm) or feed requirements for the average CS change (i.e. ME ... cs) , which was 0.77 

CS units/cow/4 1 -day experiment, was calculated by means of linear regression 

(Appendices III-3.8, III-3.9, 111-3. 1 0  and 111-3. 1 1 ) .  For this purpose, the average live 

weight of each treatment group and its corresponding estimate of MEm or ME ... cs (given 

as MJ ME/cow/day) were used. · 
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Figure 9 shows the linear regressions fitted to the estimates of maintenance feed 

requirements (MEm) calculated either from the estimated zero maternal L WG (i.e zero 

6CS) using Ferrell 's  et al. ( 1 976 b) prediction equation, (see Table 4. 1 2) ,  or calculated 

from the pooled regression of MEI/LW0·75 on 6CS.  Along with these estimates, Figure 9 

also shows the regression equation fitted to the data of feed requirements calculated for 

the average condition score change ( ME.t..cs ). 
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Table 4. 1 5  summarizes the estimated extra intake of ME or DM required for m aintenance 

or for the average CS change calculated from these regression equations. Each value 

corresponds to the regression coefficient associated with l ive weight for each method of 

assessment. 

Table 4.15. Effect of an extra 100 kg cow live weight on increasing the intake of metabolizable energy 

or dry matter required for maintenance (i.e. calculated as zero .6.CS), or for the average condition 
score gain. 

Method of assessing feed requirements 

Zero .6.CS estimated from the intercept of 

the regression of .6.L W on .6.CS. 

Zero .6.CS estimated from Ferrell 's  et al  
(1 976b) prediction equation. 

Zero .6.CS estimated from the pooled regression 

of :MEIJLW0 7s on .6.CS . 

Feed required for the average .6.CS. 

Extra intake required! I 00 kg cow live weight: 

MJ ME/cow/day kg DM/cow/day 

1 7 .5±0. 1 0  1 .53±0.08 

8.7± 1 .30 0.79±0.10 

1 0.5±0.06 0.95±0.006 

1 7.8± 1 .2 1 .58±0. 1 3  

From these estimates, on average cows which were heavier by 1 00 k g  live weight 

required an extra intake for maintenance of between 8. 7 and 1 7.5 MJ ME/cow/day or 

between 0.8 to 1 .5 kg DM/cow/day. Calculated for the average condition score change, 

an extra 1 00  kg cow live weight required about 1 8  MJ MEJcow/day or 1 .6 kg 

DM/cow/day. 



4.1 0. !Photographs. 

Plate 4. 1 .  Allowance layout for the treatment groups fed ad libitum (Herbage 

allowance, 20 kg DM/cow/day; Residual herbage mass, 1 8GO kg DM/ha/day). 
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Plate 4.2. Allowance layout for the treatment groups offered an allo;vance for maintenance 

(Herbage allowance, 9.5 kg DM/cow/day; Residual herbage mass, 782 kg DM/halday). 



Plate 4.3 .  Group of Big F1iesian cows fed o.d libitum (Herbage allowance, 

23 leg DM/cow/day; Residual herbage mas:;, J 835 kg DM!ha/day ) .  

89 

Plate 4.4. Group of Big Friesian cows offered a n  allowance for maintenance (Herbage 

allowance, 1 1 .0 kg DM/cow/day; Residual herbage mass, 782 kg DM/ha/day) . 



Plate 4.5 . Group of Small Friesian cows fed o.d libitum (Herbage allowance, 

20 kg DM/cow/day; Residual herbage mass, 1 830 kg DM/h<l/day). 

90 

Plate 4.6. Group of Small Friesian cows offered an allowance for maintenance (Herbage 

allowance, 9.6 kg DM/cow/day; Residual herbage mass, 813 kg DM!ha/day). 



Plate 4.7.  Group of Jersey cows fed ad libitum (Herbage allowance, 

1 7 .7 kg DM/cow/day; Residual herbage mass, 1 844 kg DM/ha/day) .  

Plate 4.8 .  Group of Jersey cows offered an allowance for maintenance (Herbage 

allowance: 7.8 kg DM/cow/day; Residual herbage mass, 750 kg DM/ha/day) . 

9 1  
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Chapter 5 

Discussion 

5.1 . Relationship between ALW and ACS. 

These two variables allowed the calculation of the following regression equations of AL W 

on ACS: ( 1 )  one regression equation for each size-group using the individual cow data; 

(2) a pooled regression of the individual values without regard to size,  and (3) a 

regression equation calculated using group means (see Figure 3). From these results, the 

gain of one condition score unit was equivalent to a AL W of 55,  55.6, and 35 kg/cow 

for Big Friesians, Small Friesians and Jerseys, respectively. The corresponding estimates 

obtained from the pooled regression and the regression using group means were 50.0 and 

52.7 kg ALW/ACS, respectively. 

The estimates of Big Friesians and Small Friesians are very similar to that of 55 kg 

ALW/ACS obtained by Carruthers ( 1980) using the same condition scoring system with 

high and low breeding index Friesian cows of similar stage of pregnancy and from the 

same herd as those used in this experiment. The estimates, however, differ greatly from 

the 25 to 35.5 kg ALW/ACS calculated i n  some New Zealand (Holmes & Grainger, 1 982;  

Holmes & McLenaghan, 1 980; Macdonald and Macmillan, 1 993) and Australian (Grainger 

et al. , 1978;  Gray et al., 1 98 1 )  experiments; and are slightly higher than both that of 43.8 

kg ALW/ACS unit given by Grainger et a/. ( 1 985) for non-lactating pregnant ( 1 80 to 240 

days pregnant) cows of the same herd, but using an eight point scale system for condition 

scoring, and that of 44. 1 kg ALW/ACS unit given by Nottingham ( 1 978)  for Jersey and 

Friesian cows of the same herd (6 to 7 months pregnant) , but with l iveweight change 

being adjusted by the liveweight gained by the gravid uterus (see also Table 5.2). 
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The average of 35 kg l:l.LW/l:l.CS for the Jersey group was slightly higher than both that 

of 26 kg &W/l:l.CS calculated by Grainger et al. ( 1982) for Jersey cows five months 

pregnant, condition scored using the Ellinbank eight point scoring system (Earle, 1 976), 

and that of 25 kg l:l.LW/l:l.CS given by Macdonald and Macmillan ( 1 993) for Jersey cows 

from two to five years of age scored during the first 1 7  weeks of lactation with the ten 

point scoring system used at Massey (Holmes & Wilson , 1 987) and Ruakura (Macdonald 

& Macmillan, 1 993). 

The regression equations for each size-group also provided an estimate of the amount of 

liveweight necessary to be gained before any gain in condition score occurs. If it is 

assumed that zero l:l.CS equals zero change in maternal liveweight, then the change in 

liveweight at zero CS should be equal to the gain in weight of the gravid uterus (i.e. 

foetus + foetal fluids + foetal membranes+ uterus) (Carruthers, 1980) .  

Table 4. 1 1  (see Section 4 .5 . )  summarizes, for each size-group, the estimated weight gain 

of the gravid uterus, the estimated maternal liveweight gain (i.e. total LWG - estimated 

gravid uterus weight gain) ,  and the predicted weight gain of the gravid uterus making use 

of the relationship developed by Ferrell et al. ( 1976 b) to estimate the fresh weight of the 

uterus of Hereford heifers from day zero of gestation to day 264 of gestation (see Section 

2.4.3, Table 2. 1 4). Also presented in Table 4. 1 1  are the least squares means calculated for 

total l:l.CS, total daily L WG (i.e. maternal + gravid uterus weight gain) and the average day 

of gestation. 

The results obtained in Table 4. 1 1  indicate that all the three size-groups were well above 

maintenance, as reflected by a positive estimated maternal liveweight gain averaging about 

0.3 17  kg/day or 0.534 kg/cow/day for the three size-groups when ML WG was assessed . 

respectively from the regression equations of & W on l:l.CS or when it was predicted from 

Ferrell 's et al. ( 1 976 b) equation. The average gravid uterus weight gain estimated froin 

the regression equations for Big and Small Friesians was higher than the one predicted 
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by Ferrell's et al. ( 1 976 b) equation, but for the Jerseys the corresponding estimate was 

lower than the predicted value. 

These differences between estimated and predicted gravid uterus weight gain might be due 

to errors associated with the indirect estimation of weight changes through condition score 

assessments, or due to differences in the weight of the cows used in the present 

experiment and those used to derive the prediction equation. Ferrell ' s  et al. ( 1 976 b) cows 

ranged from non-pregnant heifers weighing 265-383 kg to pregnant heifers ( 134 to 264 

days of gestation) weighing 335-4 1 2  kilograms. The cows used in the present experiment 

ranged from as light as 377 kg for the Jersey group to as heavy as 552 kg for the Big 

Friesians, with the Small Friesians in the middle weighing 442 kg. The cows in the three 

groups were in the range 190 to 230 days of pregnancy. 

5.2.  Calculation of feed requirements. 

Feed requirements were calculated by using the following three methods: ( 1 )  separately 

for each size-group as the daily amount required for zero �CS; (2) pooled for all the three 

size-groups as the daily amount of feed required/cow/day to achieve zero �CS,  and (3) 

separately for each size-group as that amount of feed required/cow/day to achieve either 

the average change in condition score or the average change in liveweight. 

5.2.1 . Feed requirements for zero �CS calculated separately for each size-group. 

The results of the linear regression of .6L W on �CS obtained for each size-group were the 

basis for calculating separately their maintenance requirements (see section 4.6; Table 

4. 1 2), assuming that zero �CS (i.e. zero maternal liveweight gain) was equivalent to the 

estimated gain in weight of the gravid uterus (see Table 4. 1 1 ). 
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When zero �CS for each size-group was estimated from the intercept of equations 4.3 to 

4.5, maintenance requirements appeared to be higher for heavier cows. Small Friesians 

had the higher estimate with 0.902 MJ MEJLW0·75/day, Jerseys the lowest (0.599 MJ 

MEJLW0·75/day) and Big Friesians had an intermediate value of 0.868 MJ MEJLW0·75/day. 

The lower MI;, estimated for the Jerseys might be due to their lower estimate for the 

average weight gain of the gravid uterus (only 395 g/day) ,  and both the maintenance and 

the ad libitum fed Jersey groups achieved liveweight gains well above this average. Thus, 

the predicted maintenance requirement fell outside this range, which might affect its 

accuracy (see Figure 4a). 

When zero �CS for each size-group was estimated as the average weight gain of the 

gravid uterus predicted from Ferrell 's et a/. ( 1 976 b) equation, the predicted MI;, for the 

three size-groups also required some extrapolation (see Figure 4b). However, the estimates 

of MEm for the three size-groups were very similar among them and in agreement with 

most of the maintenance estimates from the literature where feed requirements for dairy 

cattle were assessed through changes in body condition score (see Tables 5. 1 and 5.2). 

5.2.2. Feed requirements for the average �LW or for the average �CS calculated 

separately for each size-group. 

Feed intake and allowance requirements for each size-group were also calculated for the 

average change in liveweight or the average change in condition score achieved for all the 

cows in the experiment (see Section 4. 7). This was so because the prediction of the MEm 

required extrapolation for the Jersey group and for the three size-groups when zero �CS 

was estimated, respectively, from the intercepts of equations 4.3 to 4.6 or by usmg 

Ferrell 's  et al. ( 1 976 b) prediction equation (see Section 4.6., Figures 4a and 4b). 

Calculating intake and allowance requirements for the average liveweight change did not 

solve the problem of predicting feed requirements for the Jersey group outside the 

observed range of intake and LWG (see Section 4.7., Figure 5) .  In this case, the average 
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liveweight gain of all the treatment groups (i.e. 1 . 1 2  kg/cow/day) used for the prediction 

was even higher than the average liveweight gain achieved by the group of Jerseys fed 

ad libitum (i.e. only 0.90 kg/cow/day). 

In contrast, for the average condition score change (which was 0.77 CS units/cow during 

the 4 1  days experiment) the prediction of intake and allowance requirements fell within 

the range of observed values for intake and L WG of the three size-groups (see Figure 6 

and 7b). Therefore, it is reasonable to suggest that this method provided the most reliable 

way to compare the estimated feed requirements of the three size-groups of cows. 

Calculated by this method, daily feed requirements per kg of LW 75 were virtually the 

same for the three size-groups (i.e. 1 .03, 1 .05 and 1 .0 MJ MEJLW0·75/day for BF, SF and 

J, respectively). 

5 .2.3. Feed requ i rements for zero .6.CS and CS gain pooled for the three size-groups. 

The daily feed requirements for zero .6.CS (i.e. maintenance) and for CS gain of cows on 

this experiment were calculated by means of simple linear regression analyses using the 

least squares means of DMI, ME!, and total CS change calculated for each size-group 

(see S ection 4.8, Figure 8). Grainger et al. ( 1 98 1 )  showed that there is close agreement 

between the estimates of feed energy required for zero maternal liveweight gain (i .e. an 

estimate of the MEm free of pregnancy) and zero change in body condition score. The 

following section discusses the results of estimating the cow's daily ir :.:lk:e requirements 

of DM or ME using .6.CS as the independent variable. 

The calculation of feed requirements by using regression analyses of DMI or ME! on .6.CS 

using group means yielded estimates of both the amount required for maintenance (i.e. 

taken as the feed intake required for zero .6.CS) and that required above maintenance for 

the gain of one CS unit. The estimation of the MEm also required some extrapolation (see 

Figure 8) because none of the three treatment groups at the maintenance level of feeding 
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were below zero .6.CS (see also Section 4.4.3, Table 4. 1 0). Nevertheless, regression 

analyses were carried out to obtain the corresponding estimates of maintenance of CS 

and gain in CS . The following section discusses separately the results obtained for both 

DMI and MEI. 

5.2.3.1 . Dry matter requirements. 

Cows in this experiment (average CS = 4.9) required about 5.7 kg DM/cow/day to 

maintain condition score without change. From similar grazing experiments, Carruthers 

( 1980) and Nottingham ( 1 978) obtained corresponding estimates of 5.7 and 5 .9 

kg/cow/day for zero .6.CS, respectively. The maintenance estimate obtained in the present 

experiment is also in agreement with that of 5.8 to 6.0 kg/cow/day calculated by means 

of calorimetric trials given by Holmes & Grainger ( 1 982) for pregnant cows, but lower 

than the 8.3 kg DM/cow/day given by Holmes & McLenaghan ( 1 980) for grazing cows. 

Gray et al. ( 1 98 1 )  also found 5.5 kg DM/cow/day as the amount required for zero .6.CS 

for dry pregnant cows averaging 6 of CS. However, in the same experiment cows 

averaging 3 of CS, required 6.3 kg DM/cow/day for zero .6.CS (see Table 5. 1 ). They 

suggest that the lower maintenance requirements of cows with higher CS probably arise 

because they have higher proportion of fat, which is less metabolically active than protein. 

From the results of the present experiment it was also calculated that for a cow to gain 

one CS unit (i.e. 1 CS = 52.7 kg live weight from the regression using group means) an 

average intake of 1 67 kg herbage DM above maintenance was required. This is 

equivalent to a daily requirement of between 3.2 kg herbage DM for the gain of one kg 

of maternal liveweight. This value is in close agreement with the 3.4 kg DM!kg ML WG 

calculated from Nottingham's ( 1 978) results of 1 40 kg DM/cow above maintenance for 

the gain of one CS unit, which was equivalent to 44. 1 kg .6.L W. However, the present 

estimate is about 50% lower than those calculated by Carruthers ( 1980), Grainger et al. 

( 1 978) and Holmes & McLenaghan ( 1980) (see Table 5. 1 ) . 
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Calculated in this way, the amount of dry matter required above maintenance for the gain 

of one kg of maternal liveweight is likely to vary due to different equivalences of 

liveweight and CS change brought about by using different body condition scoring 

systems. The information summarized in Table 5. 1 clearly shows the higher averages for 

�W/l::l.CS, kg DM/.6.CS and kg DM/�LW for the experiments where the ten point 

condition scoring system was used. 

Table 5.1 .  Pasture dry matter requirement for maintenance of body condition score and for gain in condition score by dry 

pregnant dairy cows. 

Source 

Holmes & 
Grainger , 1 982 

Grainger et al., 1978 

Gray et al., 1981 

Huuon, 1 962 

Carruthers, 1 980 

Holmes & 
McLenaghan, 1980 

Hutton & Bryant, 1 976 

Nottingham, 1978 

Present experiment$ 

Experimental 
technique and 

type of animals 

Calorirnetry, Friesian 
cows, 1 80-242 days 

pregnant, 400 kg LW, 
fed on fresh cut grass. 

Stallfed dry-pregnant 
(150-1 98 d.), 400 kg LW, 
fed on fresh cut grass. 

Stallfed, mixed breeds 
dry-pregnant ( 1 80-
230 days) cows, fed 
on grass and hay. 

Stall-fed dry Jersey 
crossbred, 337 kg LW. 
maintaining constant 
LW, fed fresh cut grass. 

Grazing, Friesian dry
pregnant (197 -247 
days), 438 kg LW. 

Grazing, dry-pregnant 
(195-237), 400 kg LW. 

Grazing dry-pregnant 

cows, 370 kg LW. 

Grazing ,  Friesian & 
Jersey dry-pregnant 

(1 80-21 5  d.), 370 kg LW. 

Grazing, Friesian & 
Jersey dry-pregnant 

(190-230 days )cows 
457 kg live weight. 

Cowe with an average condition aeore of 6; 

2 eo- with an average condition aeore of 3; 
3 

Two year old eowa; 

4 CO- >!WO year Old. 

5 Calculated from the pooled regreaalon of MEJ!LW'·'" on li.CS. 

Scoring DM required to 
system maintain body 
(points) c. s (kg) 

8 

8 

8 

10 

10 

10 

10 

1 0  

5.8-6.0 

4.0 

5.51 

6.32 

3.6 

5.7 

8.3 

7.4 

5.9 

5.7 

kgALW/ kg DM/ kg DM/ 
AI CS AI CS kg LWG 

35.0 

35.0 

35.5 
35.5 

55.0 

35.0 

50.0' 

30.o' 

4 1 .0 

52.7 

171  

264 

1 60 
1 60 

338 

2 1 0  

250 
1 50 

1 40 

1 67 

4.9 

7.6 

4.5 
4.5 

6.1 

6.0 

5.0 
5.0 

3.4 

3.2 
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For the ten point scale scoring system, the increase in one condition score unit was 

equivalent to 45.5 kg live weight gain, it required an average intake above m aintenance 

of 2 10 kg/cow, and yielded an average feed conversion efficiency of 4.8 kg DM/kg of 

maternal liveweight gain. The corresponding averages calculated from the experiments 

where the Ellinbank eight point condition scoring system (Earle, 1 976) was used were 

35.0 ALW/aCS unit, 1 89.0 kg DM above maintenance/aCS unit, and an average feed 

conversion efficiency of 5.4 kg DM/kg of maternal liveweight gain. 

5.2.3.2. Metabolizable energy requirements. 

The calculated metabolizable energy requirement (Chapter 4, section 4.8.) for zero change 

in condition score (i.e. an estimate of maintenance) was 0.648 MJ ME/LW0.75/day and the 

corresponding value for the gain of one CS unit during the 4 1  days of experimental 

period was 1986 MJ ME. Both the estimated ME for maintenance and that required for 

the gain of one CS unit agree with most of the estimates summarized in Table 5 .2. 

However, the estimated ME required for the gain of one kg of maternal liveweight was 

the smallest of those reported in Table 5.2, but very similar to the one of 33 to 40 MJ 

ME/kg live. weight calculated by Bhuvaneshwar ( 1 993) for lactating Jersey and Friesian 

cows in the same herd. 

Gray et a/. ( 198 1 )  using the eight point Ellinbank condition scoring system showed that 

within the range of CS 3 to 6, body composition was significantly affected by change in 

CS. As body CS improved, fat concentration increased mainly at the expense of water, 

although protein and ash concentrations decreased slightly; and due to a higher fat 

content in the body of cows with higher CS, the energy density of the liveweight gained 

increased. As a result of this, cows with higher body condition scores had lower estimated 

maintenance requirements per kg of LW0·75 than leaner cows (Gibb et al., 1 978 ;  Gray 

et al., 1 98 1 ). 
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Table 5.2. Metabollzable energy (MJILW"·15/day) required for malnrenance of body condition score and for gain In condition 
score by dry pregnant dairy cows. 

Source Experimental Scoring MJ :ME/LW"'$ kg.t..LW/ MJ :ME/ MJ :ME/ 
technique and system to maintain AI CS AI CS kg LWG 
type of animals (points) body c. s .  

Gibb et al., 1977 Stall-fed cows of mixed 8 0.401 

breeds, various stages 0.582 

of pregnancy. Fed on a 
diet 50 hay:50 oats. 

Grainger et al., 1 978 Stall-fed dry-pregnant 8 0.49 35.0 290 483.0 
(150-198 days)cows, fed 
on fresh cut pasture. 

Gray et al., 1981  Stall-fed mixed breeds, 8 0.641 35.5 1 650 46.5 
dry-pregnant (1 80-230 0.742 35.5 1 650 46.5 
days) cows, fed on a 
50% hay:50% silage diet. 

Huuon, 1 962 Stall-fed, dry Jersey 0.535 
crossbred cows, 337 kg 
LW, fed on fresh cut grass 
to maintaining constant LW. 

Grainger et al., 1 985 - Stall-fed Friesian dry-
pregnant (1 80-240 d), 
fed on fresh cut grass: 

. High BI COWS. 8 0.781 43.8 1 8 80 43.0 

. Low BI cows. 8 0.7 11 43.8 2960 67.6 

. Low & high BI cows 8 0.761 43.8 2228 50.9 

- Calorirnetry, high & low 
BI cows at: 

. 2 1 0  days pregnancy 8 0.79' 

. 230 days pregnant 8 0.80' 

. 224 days pregnant 8 0.60' 

Holmes & Calorirnetry, Friesian 8 0.74 35.0 1 881 53.7 
Grainger , 1 982 cows, 1 80-242 days 

pregnant, fed on fresh 
cut grass. 

Carru!hers, 1 9 80 Grazing, Friesian dry- 1 0  0.72 55.0 3819  69.4 
pregnant (197-247 
days) COWS. 

Holmes & Grazing, dry-pregnant 1 0  1 .02 35.0 23 10 66.0 
McLenaghan, I 980 (1 95- 237 days)cows. 

Present experimen� Grazing, Friesian & 10 0.65 52.7 1 986 37.7 
Jersey dry-pregnant 
(190-230 days)cows: 

2 Cowa with en everege condition ecore of 6; 
3 Cowa with en everege condition ecore of 3; 
4 BMed on change• In condition acore; 

8Med on Energy Balance triala after alia-nee for pregnancy. 
5 

Calculated from the pooled ragreulon of MEIILW"·'" on ACS. 
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5.3. Effect of large cow size. 

Heavier cows required higher herbage DM allowances, had higher herbage DM intakes 

and had lower stocking densities. However, the three size-groups achieved similar levels 

of pasture utilization, and left behind similar levels of residual herbage mass (Table 5.3) .  

Thus, the lighter Jersey cows can achieve similar levels of herbage utilization to the much 

heavier Big Friesian cows provided there is an increase in the average stocking rate of the 

farm (see Table 5.3.  below). 

Table 5.3. Least squares means (±S.E) for herbage DM allowance (kg/cow/day), herbage DMI 
(kg/cow/day), residual herbage mass (kg DM/halday), efficiency of grazing (%) and stocking density 
(cows/ha/24 hs.). 

Size-group Herbage dry malter 
--------------------- -----------------------

Big Friesians 
(552 kg LW) 

S mall Friesians 
(442 kg LW) 

Jerseys 
(377 kg LW) 

Significance of 
the difference' 

Allowance 
(kg/cow/day) 

1 7.0±0.59 

1 5 .0±0.59 

1 2.8:t0.59 

BF>J• 

• = P <0.05; - = P<0.01; -· = P<0.001; NS = Not  algnlftant. 

Intake 
(kg/cow/day) 

10.3±0.08 

8.8:t0.08 

7.5:t0.09 

BF>SF••• 
BF>J ••• 
S F>J • • 

Residual 
herbage 
mass 
(t DM!ha) 

1 .30:t0.02 

1 .32:t0.02 

1 .30:t0.02 

NS 

Efficiency 
of grazing 
(%) 

64.3:t0.69 

62.7:t0.69 

63.3:t0.70 

NS 

Daily 
stocking 
density 
(cows/ha) 

240±8.8 

26h8.8 

306:t8.9 

J>BF • 

The following section discusses the effects that large cow size have for pasture-based 

dairy systems, on the maintenance feed requirements of heavier cows, and on some 

parameters of the farm, such as the average stocking rate the dairy farm is able to support, 

the level of herbage utilization and the extra feed required to be grown per hectare. 



1 02 

5.3.1 . Effect of large cow size on daily feed requirements. 

The results obtained in the present experiment of the extra DMI or MEI required for 

m aintenance of cows which were heavier by 100 kg (in the range 370 to 550 kg) are 

summarized in Table 5.4. and compared with other estimates published in the literature. 

When maintenance feed requirements were assessed from the pooled regression of DMI 

or MEI on .6.CS (see Section 4.8 ;  Equations 4.8 and 4.9), cows which were heavier by 

1 00  kg LW required an average extra feed intake for maintenance of 0.95 kg herbage 

DM/cow/day or about 1 0.5 MJ ME/cow/day. These estimates are at the lower end of 

those summarized in Table 5.4, may be because the lower maintenance requirements of 

non-lactating cows (used in the present experiment) compared with lactating cows (see 

Section 2.4. 1 .3. ,  Tables 2.8  and 2.9). 

This method of assessment, however, required some extrapolation to estimate MEm (see 

Figure 8). In contrast, feed requirements for each size-group calculated from the average 

condition score change was the only method that did not require extrapolation (see Figures 

6 and 7b). Calculated by this method, cows that were 100 kg heavier required on average 

17 .8  MJ MEI!cow/day or about 1 .6 kg herbage DMI!cow/day for maintenance + the gain 

of 0.0 1 8  CS units/cow/day (i.e. the average daily CSG achieved during the experiment). 

These values are very similar to those calculated from Wallace's ( 1 956 b) work. 

5.3.2. Effect of large cow size on farm management requirements. 

Table 5 .4 also presents some calculations of the probable effect on the extra pasture 

required annually on the farm if it is stocked with cows on average 1 00  kg heavier. The 

calculations were made for an average New Zealand farm of 50 ha carrying 1 50 milking 

cows (i.e. stocking rate 3 cows/ha). The estimates summarized in Table 5.4 show that, 

farms stocked with heavier cows must either grow more feed or reduce the average 

stocking rate if cows are to m aintain the same level of herbage intake. 
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Table 5.4. Effect of an extra 100 kg live weight/cow (in the range 350 to 550) on the cow's daily 
energy (MJ ME) or dry matter (kg) required for maintenance, and on the extra growth of pasture 
annually required on the farm (t DM/ha). 

Source Extra energy (MJ ME) or extra herbage Extra DM (t/ha/year) Physiological status 
dry matter (kg) required to maintain an required by a 50 and range in weight 

extra 100 leg liveweight/cow: ha farm stocked with (kg) of the cows. 
1 50 milking cows. 

MJ/day DM/day DMI/vear 

Cox et al., 1 956 1 2.9
2 

1 . 1 7  427 1 .28 Lactating (4 1 3-635) 

Holmes et al., 1 993 1 5.0 1 .28
1 

470 

L.I.C., 1 99 1  1 2.cr 1 . 1 0  400 

St.akelum & Connolly, 1987 24.2
2 

2.20 803 

Wallace, 1956 b 1 7 .2
2 

1 .56 570 

Present experiment 1 0.5
3 

0.95 347 

2 From an herbal!" with 1 1 .65 MJ ME/kg OM (Bhuvaneahwar, 1lli3); 
Auuming 1 1  MJ liE/kg herbage OM; 

1 .40 Lactating (350-550) 

1 .20 Lactating (400-475) 

2.40 Lactating (499-583) 

1 .7 1  Lactating (295-520) 

1 .04 Dry-pregnant(377 -552) 

3 Calculated from the pooled reg,....ion of MS/LW'·" on .6CS, and an averall" MID of 1 1 .5 MJ ME (Me Section •. 3.1., Table •.5). 

The estimated extra intake for maintenance calculated in the present experiment (i.e. 347 

kg herbage DM/100 kg live weight) can be used to assess the effect of larger cow size 

on 'farm management requirements ' .  For this purpose, the following information will be 

used: 

( 1 )  the range in weight observed for the three size-groups (i.e. BF = 552 kg, 

SF = 442, J = 377 kg LW) in the present experiment; 

(2) the ME.n of 0.648 MJ ME!LW0·75/day (or 0.057 kg DMI!LW0·75/day) 

calculated in Section 4.8;  

(3) an average requirement of 5.2 MJ ME/kg 4% FCM (A.R.C. 1980) or about 

1 30 MJ ME/kg MF will be assumed; 

(4) cows producing on average 1 60 kg MF/year regardless of size; 

(5) energy content of the pasture 1 1 .5 MJ ME/kg DM (see Section 4.3. 1 . ); . 
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(6) 87.5% assumed level of pasture utilization, obtained with a high standard 

of pasture management (Holmes & Parker, 1992), and 

(7) an average pasture productivity on the farm of 1 3.0 tonne herbage 

DM!ha/year. 

Table 5 .5 summarizes the estimated annual feed requirements for the three size-groups, 

and shows the effect of large size cows on the average farm stocking rate if the same 

level of herbage utilization is to be achieved. 

Table 5.5. Annual feed requirements of dairy cows of different Jive weight and stocking rates required 
to achieve the same level of pasture util ization 

Size-group Annual herbage dry matter requiremems/cow for: Stocking Annual pasture Herbage 
------------ - ---------------------- ---------------- -- - -------- rate yield harvested 
Maintenance Yield of MF Total (cows/ha) (kg DM!ha) (%) 

Big Friesians 2761 1 809 4570 2.50 1 3 ,000 87.5 

(552 kg LW) 

Small Friesians 2014 1 809 3823 3.00 1 3,000 87.5 

(442 kg LW) 

Jerseys 1 561 1 809 3370 3.40 1 3 ,000 87.5 

(377 kg LW) 

Thus, for an average New Zealand Dairy Farm stocked with 3 Small Friesian cows/ha 

weighing 442 kg, about 1 1 .5 tonne herbage DM/ha will be eaten, which is equivalent to 

an average herbage utilization of 88.0%. 

If the same 50 ha dairy farm is stocked with 1 50 Big Friesians (i.e. 1 10 kg heavier than 

Small Friesians and requiring about 380 kg more DM for maintenance/cow/year), then 

the farm will need to produce 1 . 14 tonnes more herbage dry matter/ha/year to achieve 

88.0% of herbage utilization as with the SF cows. On the other hand, if pasture 

productivity remains the same (i.e. 1 3  t DM/ha/year), the same level of herbage utilization 
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is achieved by reducing the stocking rate from 3 to 2.5 cows/ha, which is equivalent to 

25 less cows in the herd. 

In contrast, at the same level of pasture productivity (i.e. 1 3  t DM/ha/year) , stocking the 

farm with Jersey cows (i.e. 65 kg lighter than Small Friesians and requiring about 226 

kg less herbage DM for maintenance/cow/year than SF) will need an increase in the 

stocking rate from 3 to 3 .4 cows/ha to achieve the 88.0% herbage utilization. This is 

equivalent to 20 more cows in the herd. 

From these calculations it is evident that lighter cows require higher stocking rates to 

achieve similar levels of herbage utilization as heavier cows. For the New Zealand 

pasture-based dairy system, increases in the average stocking rate of the dairy farms has 

been a very important contributor to the increased yield of milkfat per hectare achieved 

during the last 60 years (Holmes & Parker, 1 992). From the results of the present 

experiment with pregnant non-lactating cows, it is evident that large size cows can affect 

total farm productivity in pasture-based dairy systems. Therefore, it would be worthwhile 

to investigate biological and economical efficiency of big and small cows on a farm 

scale. 

In regard to this, Ahlbom & Bryant ( 1 993) have calculated optimum stocking rates (i.e. 

the stocking rate for maximum net income) for high production conditions in New 

Zealand (i.e. stocking rates ranging from 3.0 to 4.5 cows/ha) of about 3.0 and 3.7 cows/ha 

for Holstein-Friesians and Jerseys, respectively. 

At these optimum stocking rates, the net income for Jerseys was 5% higher than that of 

Holstein-Friesians. In this experiment, Holstein-Friesians were about 100 kg heavier than 

Jerseys (i.e. the predicted average cow live weights were 437 kg and 339 kg for Holstein

Friesian and Jersey, respectively). However, at 3 .0 cows/ha for Holsteins and 4.5 cows/ha 

for Jerseys, the average live weight per hectare was very similar for the two breeds with 

1 3 1 1  kg for Holstein-Friesians and 1 254 kg for Jerseys. 
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5.5. L imitations of the results obtained. 

Although the results of the present experiment agree with most of the results obtained 

from similar grazing experiments reported in the literature, it is important to draw 

attention to their possible limitations. The main limitations might be ( 1 )  the way in which 

maintenance requirements were estimated and (2) the way in which herbage intake was 

estimated. Feed requirements for maintenance were calculated either individually for each 

size-group as the ME required for zero gain in maternal liveweight (estimated from the 

average weight gain of the gravid uterus), or as the ME required for zero �CS pooled for 

all the three size-groups. In both cases the estimation of ME for maintenance required 

some extrapolation. This was not the case, however, when total feed requirements 

calculated for the average condition score change, and therefore allowed the comparison 

of the three size-groups at a common level of CS change. The details have been described 

in sections 4.6, 4.7. and 4.8.  The possible limitations with the estimation of herbage intake 

are discussed below: 

5.5.1 . Estimation of i ndividual cow intakes. 

Herbage intake of individual cows could not be obtained because the majority of the cows 

regurgitated their chromium capsule. The problem of cows losing their CRC was more 

noticeable with the group of Big Friesians grazed on the maintenanc level of feeding, 

where almost all the cows regurgitated their CRC at least once. Holmes et al. ( 1 993) 

experienced a similar problem in their grazing experiment with a larger number of the 

heavier cows with very low concentrations of chromium in the faeces presumably because 

they had regurgitated their CRC. The dosing of individual cows once daily with one 

chromium gelatin pill per day in the second period also gave very low concentrations of 

chromium in the faeces and the calculation of FO was consequently not possible. The 

latter could be due to 10 g Cr in each pill dosed once a day being not enough to 

overcome the diurnal variation in  chromium excretion associated with these experiments 

(Le Du & Penning, 1 982). 
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5.5.2. Estimation of group m ean intakes. 

The original plan of the experiment was to estimate intake by individual cows, but as was 

stated above, this was not possible due to the failure of estimating FO. The information 

generated in the experiment was then analyzed using the mean intakes for each group, 

obtained from the assessments made with the calibration equation calculated from the 

cutting data and the rising plate meter readings. 

5.5 .3. Calibration of the rising plate meter. 

The group mean herbage DMI was calculated by using two calibration equations obtained 

from the plate meter reading and the herbage mass assessed by cutting, one for each level 

of feeding (see Section 4.4.2 and Figure 2). The calibration equation obtained for the 

maintenance level of feeding was highly significant (P<O.OOO I ) ,  with high correlation 

coefficient (r = 0.98), a residual standard deviation (r.s.d.) of only 442 kg DM/ha, and a 

coefficient of variation (C.V.) of 2 1 .6%. In contrast, the equation obtained for the ad 

libitum level of feeding had a high C.V. (29.3%), a high r.s.d. (845 kg DM/ha) and a 

comparative lower correlation coefficient (r = 0.79) than that for the maintenance level 

of feeding. As these two equations were used for the prediction of the average herbage 

mass, herbage allowance and herbage intake, these variables might be predicted less 

accurately for the ad libitum fed groups than for those in the maintenance level of feeding. 

The present calibration results are in close agreement with those obtained by Gabriels & 

Van der Berg ( 1 993), for a ryegrass sward with observed DM yields (pre-grazing and 

post-grazing pooled) ranging from 100 to 4000 kg/ha and using a metallic rising plate 

meter similar to the one using in the present experiment. For their two most practical 

calibration equations they found C.V. of between 27.0% and 27.8% and an average 

residual standard deviation of 450 kg DM!ha. These equations used the logarithmic 

transformation of both the dry matter yield and the plate meter reading and included day 

of cutting and whether the grass was wet or dry as covariables. In contrast, Stockdale & 

Kelly ( 1984) reported much lower c oefficients of variation when a calibration equation 



1 08 

was used separately for herbage mass before (C.V. = 8.8%) and other equation for 

herbage remaining after grazing (C.V. = 20.5%). 

For the data generated in the present experiment, however, although the regression of 

post-grazing herbage mass on plate meter reading was significant, there was no 

significant relationship between herbage mass pre-grazing and plate meter reading. This 

could be due to the much higher variation for the post-grazing herbage masses as a 

consequence of the different levels of feeding offered to the treatment groups, and the 

small variation in the pre-grazing herbage mass of the paddocks used during the 4 1  days 

of the experimental period. Pooling the results of pre-grazing and post-grazing herbage 

mass provided a wider range of variation and the calculation of the two significant 

calibration equations for each level of feeding. 
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Chapter 6 

Conclusions 

The results of the present experiment showed that cow size (live weight) does affect the 

feed requirements of grazing pregnant, non-lactating cows. Total feed requirements 

calculated for the average condition score change yielded similar estimates for the three 

size-groups when expressed per kg of LW·75 (i .e. BF, 1 .03, SF, 1 .05 and J, 1 .00 MJ 

MEJLW·75/day). These values corresponded to a daily MEI requirement of 1 1 7.3,  1 0 1 .2 

and 85.6 MJ ME/cow/day for Big Friesians, Small Friesians and Jerseys, respectively. 

The corresponding estimate of MEm pooled for the three size-groups, calculated from the 

linear regression of MEifLW·75 on �CS, was an average of 0.648 MJ MEfLW·75/day. 

This was equivalent to a daily intake of 74.0, 62.5 and 55.5 MJ ME/cow/day for Big 

Friesians, Small Friesians and Jerseys, respectively. 

From analyses of the pooled information of liveweight gain and condition score change 

of the three size-groups, an increase of about 53 kg live weight/cow during the 4 1 -day 

experimental period corresponded to the gain of one condition score unit. This was 

equivalent to an average intake of 1 67 kg herbage D M  or about 1 986 MJ MEI/cow above 

maintenance during the 4 1 -day experimental period. 

From the pooled ME.n calculated for the three size-groups it was calculated that an extra 

100 kg live weight/cow was associated with an extra intake for maintenance of about 10.5 

MJ ME/cow/day or about 0.95 kg herbage DM/cow/day. 

The implications of farming large-size dairy cows on overall farm productivity of pasture

based dairy systems are discussed. 
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Appendices 

Appendix I. Analysis of variance table and expected mean squares for the variables generated in the 
experiment. 

Source of 
of 
variation 

Between F.Ievels 

Between sizes 

Interaction 

Residual 

Corrected total 

Degrees 
of 
freedom 

f- 1 

s- 1 

(f- 1 )(s- 1 )  

D 

I. (Il;j.- 1 )  
i=l 

D 

I. Il;jk -1 
i=l  

Sums 
of 
squares 

SSF 

SS5 

SSFS 

SSR 

Mean 
squares 

MSF 

MS5 

MSFS 

MSR 

Expected 
mean 
squares 

02 
E +02 FS+02 

F 

02 
E +02 F$+02 

S 

, , o-e +o-FS 

cr2 
E 

Calculated 
F-value 

The main effect Feeding level (F) and Size (S) are tested against the interaction term 

Feeding level x Size (F*S), and the effect of the interaction tenn is tested for significance 

against the residual mean square. 
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Appendix II. Pre-grazing herbage mass, post-grazing herbage mass, number of cows per treatment 
group and average plate meter reading for each paddock used in the experiment. 

Feeding Size2 Day of Cows/ Average meter reading: Paddock Herbage mass (kg DM/ha): 
level' experiment group Pre- Post- number pre- Post-

grazing grazing grazing grazing 

3 7 22.6333 7.8666 2 4030 1 965 
6 7 23.5333 9.3000 2 3009 1 463 
9 7 25. 1 667 7.9000 4 4304 1 683 
1 2  7 2 1 .3000 9 . 1 000 34 3864 2520 
1 5  7 22.0000 6.8666 34 3 3 19 747 
1 8  7 24.9000 8 . 1 333 34 3784 2 1 01 
21 7 17 .6667 5.3333 32 3282 1 106 
24 7 1 8.9000 5.6000 32 4776 697 
27 7 1 8.7667 5.4000 56 3 1 65 1 3 1 8  
30 7 1 7 . 1 667 6.4333 56 4200 998 
33 7 16.5000 5.5333 57 35 1 3  7 1 8  
36 7 1 6.7000 6.3666 57 2800 1 1 01 

39 7 14.9667 7.5666 57 3977 1 948 
2 3 7 23.5000 8.3000 2 4304 2 1 1 4 

2 6 7 26.2333 8 .6666 2 2761 1 279 
2 9 7 22.4667 7.4000 4 4220 2032 
2 1 2  7 23.5333 9.4333 34 3343 1 925 
2 1 5  7 23.8667 7.0000 34 3914 1 024 
2 1 8  7 2 1 .3000 7.3000 34 4 1 2 1  2 1 87 
2 2 1  7 1 5 .7000 5.4333 32 3692 1 755 
2 24 7 1 8 .9333 6.5000 32 4267 884 
2 27 7 17 .0667 6. 1 000 56 4246 1 676 

2 30 7 1 6.0000 5 .8667 57 4334 1 508 
2 33 7 1 5.0000 4.7667 57 3 1 1 7 2405 
2 36 7 1 6 . 1 000 8 . 1 000 57 5306 2405 
3 39 5 1 9.5667 7.4000 2 3457 1 482 
3 3 5 22.2000 6.3333 2 3078 1 295 
3 6 5 22.4667 7.9333 4 4384 1 785 
3 9 5 22.8333 8.2333 34 44 1 7  2651 
3 1 2  5 1 9 .0000 7.5667 34 47 1 3  1 585 
3 1 5  5 22. 1 667 5.3667 34 3908 2303 
3 1 8  5 1 7.3000 5.4333 32 4471 1 802 

3 2 1  5 1 7.9000 6.6667 32 5 5 1 2  1 1 80 
3 24 5 1 6.6667 5.9667 56 4861 1 577 

3 27 5 22.4667 6.2667 56 5009 2030 
3 30 5 15 .7333 6.0000 57 4590 1 802 

3 33 5 2 1 .5000 6.5000 57 4543 2548 
3 36 5 1 6.7667 8.9333 .57 4539 2548 

1 Ad l i bi t um = 1 ;  Ma i n t enance = 2 .  

2 Big F r i e s i ans = 1 ;  S ma l l  F r i es i ans = 2 . and J e rseys 3 .  
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Appendix II. (Cont.). Pre-grazing herbage mass, post-grazing herbage mass, number of cows per 
treatment group and average plate meter reading for each paddock used in the experiment. 

Feeding Siz.e2 Day of Cows/ Average meter reading: Paddock Herbage mass (kg DM!ha): 
level' experiment group Pre- Post- number pre- Post-

grazing grazing grazing grazing 

2 3 7 22. 1 333 7.86667 3 3237 1 965 

2 6 7 20.6333 9.30000 3 3 1 8 1  1 463 

2 9 7 24.5333 7.90000 3 3968 1 683 

2 1 2  7 20.8667 9 . 10000 5 4 1 67 2520 

2 1 5  7 1 8. 3000 6.86667 5 3 1 38 747 

2 1 8  7 17.6667 8. 1 3333 5 3 3 1 3  2 1 01 

2 2 1  7 22.5333 5.33333 5 3 1 54 1 1 06 

2 24 7 22.4667 5.60000 5 3978 697 

2 27 7 1 7.5000 5.40000 8 2861 1 3 1 8  

2 30 7 19.3667 6.43333 8 2972 998 

2 33 7 21 .6333 5.53333 8 3588 7 1 8  

2 36 7 20.4667 6.36667 8 3026 1 1 01 

2 39 7 17.5667 7.56667 1 0  2897 1 948 

2 2 3 7 22.7333 8.30000 3 3372 2 1 14 

2 2 6 7 23.3333 8.66667 3 3 1 64  1 279 

2 2 9 7 1 9.8333 7.40000 3 3521 2032 

2 2 1 2  7 2 1 . 1 000 9.4333 5 3091 1 925 

2 2 1 5  7 1 8 .5000 7 .0000 5 4377 1 024 

2 2 1 8  7 1 6.9000 7.3000 5 3630 2 1 87 

2 2 2 1  7 1 9.6333 5.4333 5 3571 1 755 

2 2 24 7 22.3333 6.5000 5 4293 884 

2 2 27 6 1 3 . 1 667 6.1 000 8 2773 1 676 

2 2 30 6 1 7 .9333 5.8667 8 2967 1 508 

2 2 33 6 20.7000 4.7667 8 3 1 99  2405 

2 2 36 6 2 1 .0667 8 . 1000 8 4044 2405 

2 3 39 6 15 .6333 7.4000 1 0  2839 1 482 

2 3 3 5 19.8000 6.3333 3 3821 1 295 

2 3 6 5 1 9.7000 7.9333 3 2661 1 785 

2 3 9 5 24.6667 8.2333 3 3668 2651 

2 3 1 2  5 2 1 .6000 7.5667 5 3 1 93 1 585 

2 3 1 5  5 1 5 . 1 333 5.3667 5 3 869 2303 

2 3 I 8 5 1 6.9333 ·5.4333 5 3 1 5 1  1 802 

2 3 2 1  5 20.5667 6.6667 5 3834 1 1 80 

2 3 24 5 1 9.9000 5.9667 5 3658 1 577 

2 3 27 5 1 4 . 1 000 6.2667 8 2856 2030 

2 3 30 5 1 7 .0333 6.0000 8 3670 1 802 

2 3 33  5 1 4.7000 6.5000 8 3 306 2548 

2 3 36 5 2 1 .9333 8.9333 8 4023 2548 

1 Ad l ibi t um = 1 ;  Maintenance = 2 .  
2 B i g  F r i e s ians = 1 ;  Sma l l  F r i e s i ans = 2 , and Jerseys 3 .  
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Appendix Ill. Analyses of variance tables for the regression equations appearing in the body of the 
text. 

3 . 1 . Anal�s i s  of variance table for the regress ion of Me t aboli z able energy intake (MEI MJ 
ME /kg Lw0 · 5 /day) on Tot a l  Condition score Change ( TOTC S ,  CS un i t s /cow / 4 1  days experiment ) .  

Sou rce 

Model 
Error 
c Tot a l  

Root MSE 
Oep Mean 
c . v .  

Va r i able OF 
INTERCEPT 1 
TOTCS 1 

Sum o f  Mean 
OF Squares Squ a r e  F Va l u e  Prob>F 

1 0 . 1 9 6 7 9  0 . 1 9 6 7 9  2 6 . 2 7 5  0 . 0 0 6 9  
4 0 . 02 9 9 6  0 . 0 0 7 4 9  
5 0 . 2 2 6 7 4  

0 . 0 8 6 5 4  R - squa r e  
1 . 02 4 1 1  Adj R - sq 
8 . 4 5 0 3 7  

Pa rame : e r  Est i ma t e s  

Parame t e r  
Es t i ma t e  
0 . 6 4 8 2 9 6  
0 . 4 8 9 7 3 7  

S t andard 
E r r or 

0 .  0 8 1 3 8 5 7 6  
0 . 0 9 5 5 4 0 9 6  

0 . 8 6 7 9  
0 . 8 3 4 8  

T f o r  H O : 
Parame t e r = O  

7 . 9 6 6  
5 . 1 2 6  

P r ob > I T I  
0 . 0 0 1 3  
0 . 0 0 6 9  

3 . 2 . Analysis o f  variance table for the regress ion o f  Daily herbage dry matter int ake ( DMI , 
g DMI/kg LW0 " 7 5  /day) on total condition s core change ( TOTCS , CS unit s / cow/ 4 1  days experiment ) .  

Sou r c e  

Model 
Error 
c Tot a l  

Root MSE 
Oep Mean 
c . v .  

Va r ia b l e  DF 

INTERCEPT 1 
TOTCS 1 

Sum o f  Mean 
OF Squa r e s  Squa r e  F Va l u e  Prob>F 

1 1 3 92 . 7 8 -:' 6 6  1 3 9 2 . 7 8 7 6 8  2 6 . 1 0 5  0 . 0 0 6 9  
4 2 1 3 . 4 1 l 5 2  5 3 . 3 5 2 8 8  
5 1 6 0 6 . 1 9 9 2 0  

7 . 3 0 4 3 1  R - squ a r e  0 . 8 6 7 1  
8 8 . 8 3 8 5 4  Adj R - sq 0 . 8 3 3 9  

8 . 2 2 2 0 0  

Parame t e r  E s t i ma t es 

T for H O : Parameter 
Est ima t e  

S t a n da r d  
Error Parame t er = O  Prob > I T I  

5 7 . 2 2 1 3 1 8 
4 1 . 2 0 1 0 0 1  

6 . 8 6 9 1 5 1 0 3  
8 . 0 6 3 8 8 3 5 3  

8 . 3 3 0  
5 . 1 0 9  

0 . 0 0 1 1  
o .  o r .- ·. 

3 .  3 .  Analy s i s  o f  vari ance table for the regr e s s ion of total l ivewe ight change ( TWGCH , 
kg/cow / 4 1  days exper�ent ) on total condition score change ( TOTCS , CS uni t s / cow / 4 1  days 
experimental period ) f or the group of Big Fri e s i an cows . 

Source 

Model 
E r ror 
Cor rected Tot a l  

Parame t er 
INTERCEPT 
TOTCS 

DF 
Sum o f  

S qua r es 
Mean 

Square F Va l ue Pr > F 

1 
1 2  
1 3  

R - Squa r e  
0 . 3 5 1 9 02 

1 9 9 1 . 3 7 3 8 6 5  
3 6 6 7 . 5 0 6 52 1 
5 6 5 8 . 8 8 0 3 8 6  

C . V .  
3 4 . 2 7 4 6 9  

1 9 9 1 . 3 7 3 8 6 5  
3 0 5 . 62 5 5 4 3  

Root MSE 
1 7 . 4 8 2 1 5  

T f o r  H O : Pr > I T I  
Es t ima t e  

3 7 . 7 5 2 7 1 1 3 8  
1 7 . 2 5 3 6 7 6 8 3  

Parame t e r = O  
5 .  4 0  
2 . 5 5 

0 . 0 0 0 2  
0 . 0 2 5 3  

6 . 52 0 . 02 5 3  

1WGCH Mean 
5 1 . 0 0 6 0 0 0 0  

S t d  E r ror o f  
Es t ima t e  
6 . 9 8 4 8 5 3 4 7  
6 . 7 5 92 7 4 4 7  
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3 .  4 .  Analys is of variance t able for the regres s ion of total liveweight change ( 'l'WOCH , 
kg/cow/41 days experiment ) on total condition s core change ( TOTC S , CS uni t s / cow/ 4 1  days 
experimental period) for the group of Sma l l  Fries i an cows . 

sou r c e  

Model 
E r ror 
Cor rected Tota l 

Pa r ameter 

INTERCEPT 
TOTCS 

DF 
Sum o f  

Squa res 
Mean 

Squa re F Va l ue Pr > F 
1 

1 1  
1 2  

R - Squ a r e  
0 . 2 7 2 0 7 0  

8 4 6 . 2 8 9 5 2 6 4  
2 2 6 4 . 2 7 2 7 9 0 8  
3 1 1 0 . 5 6 2 3 1 7 2  

c . v .  
2 7 . 7 7 9 1 6  

8 4 6 . 2 8 9 5 2 6 4  
2 0 5 . 84 2 9 8 1 0 

Root MSE 
1 4 . 3 4 7 2 3  

T for H O : Pr > I T I  
Est i ma t e  

3 9 . 2 9 1 1 7 6 6 8  
1 6  2 5 8 2 6 9 5 5  

ParamE. � e r = O  

5 .  4 0 
2 . 0 3 

0 . 0 0 0 2  
0 . 0 6 7 5  

4 . 1 1  0 . 0 6 7 5  

'IWGCH Mean 
5 1 . 6 4 7 4 6 1 5  

S t d  Error o f  
Est i ma t e  

7 . 2 7 8 0 4 1 4 3  
8 . 0 1 8 3 1 0 4 6  

3 .  5 .  Analys i s  o f  variance t able for the regre s s ion o f  total l iveweight change ( 'l'WOCH ,  
kg/ cow/ 4 1  days experiment )  on total condition score change ( TOTC S ,  C S  unit s /cow / 4 1  days 
experimental period ) for the group of Jersey cows . 

Source 

Model 
E r ror 
Cor rected Tot a l  

Parame t e r  
INTERCEPT 
TOTCS 

DF 
Sum o f  

Squares 
Mean 

squa re F Va l u e  P r  > F 
1 
8 
9 

R - Squa re 
0 . 4 4 7 3 3 8  

7 0 7 . 0 8 0 2 9 9 4  
8 7 3 . 5 5 8 0 5 6 7  

1 5 8 0 . 6 3 8 3 5 6 1  

c . v .  
3 3 . 4 7 4 4 8  

7 0 7 . 0 8 02 9 9 4  
1 0 9 . 1 9 4 7 5 7 1  

Root MSE 
1 0 . 4 4 9 6 3  

T for H O : Pr > I T I  
Est ima t e  

1 6 . 2 0 7 1 6 3 6 6  
1 8 . 9 0 8 4 6 1 0 0 

Parame t e r = O  
2 . 4 0  
2 . 5 4  

0 . 0 4 3 4  
0 . 0 3 4 5  

6 .  4 8 0 . 0 3 4 5  

'IWGCH Mean 
3 1 . 2 1 6 7 0 0 0  

S t d  E r ro r  o f  
Est ima t e  
6 . 7 6 0 9 5 6 3 7  
7 . 4 3 0 5 7 9 8 7  

3 . 6 .  Analy s i s  o f  variance t able for the pooled regress ion o f  total l iveweight change ( 'l'WGCH , 
kg / cow / 4 1  days experiment ) on total condition score change ( TOTC S ,  CS uni t s /cow / 4 1  days 
experimental period ) for a l l  the three group - s i z e s . 

Source 

Model 
E r ror 
Corrected Tot a l  

Source 
TOTCS 
Source 

Paramet er 
INTERCEPT 
TOTCS 

Sum o f  Mean 
OF Squa res Square F 

1 3 3 8 4 . 8 5 0 7 0 0  3 3 84 . 8 5 07 0 0  
3 5  9 9 1 5 . 6 4 2 9 4 0  2 83 . 3 0 4 0 8 4  
3 6  1 3 3 00 . 4 9 3 6 4 1  

R - S quare c . v .  Root MSE 
0 . 2 5 4 4 9 1  3 6 . 6 8 3 8 9  1 6 . 8 3 1 6 4  

OF Type I ss Mean S qu a r e  F 
1 3 3 8 4 . 8 5 0 7 0 0  3 3 8 4 . 8 5 0 7 0 0  

OF Type I I I  SS Mean S qu a r e  F 
T for H O : Pr > I T I  

Est imate Parame t e r = O  
3 2 . 8 4 5 8 0 6 7 3  7 . 0 2  0 . 00 0 1  
1 6 . 8 8 2 7 2 2 62 3 . 4 6  0 . 0 0 1 5  

Va l ue Pr > F 
1 1 . 9 5 0 . 0 0 1 5  

'IWGCH Mean 
4 5 . 8 8 2 9 1 8 9  

Va lue Pr > F 
1 1 . 9 5 0 . 0 0 1 5  
Va lue Pr > F 

S t d  Error o f  
Es t ima t e  
4 . 6 7 7 8 8 9 3 0  
4 . 8 8 4 2 6 4 1 6  
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3 .  7 .  Analys i s  of variance t able for the regre s s ion of total liveweight c hange ( TWGCH , 
kg/cow / 4 1  days experiment ) on total condit ion s core change ( TOTC S ,  CS uni t s /cow / 4 1  days 
experimental period) pooled for the three s i ze -groups us ing group ave rage s . 

Sou r c e  

Model 
Error 
U Tot a l  

Root MSE 
Dep Mean 
c . v .  

Va r i a b l e  DF 
TOTCS 1 

Sum o f  Mean 
DF Squ ares Squ a re F Va l u e  P r ob > F  

1 1 2 0 7 3 . 3 8 2 9 0  1 2 0 7 3 . 3 8 2 9 0  5 2 . 4 3 9  0 . 0 0 0 8  
5 1 1 5 1 . 1 7 8 6 8  2 3 0 . 2 3 5 7 4  
6 1 3 2 2 4 . 5 6 1 5 8  

1 5 . 1 7 3 5 2  R - squa r e  
4 4 . 2 3 5 9 5  Adj R - s q  
3 4 . 3 0 1 3 3  

Parame t e r  Est ima t es 

Par ameter 
Est ima t e  

5 2 . 6 5 9 9 02 

S t a nda rd 
E r ror 

7 . 2 7 1 9 6 7 3 8  

0 . 9 1 3 0  
0 . 8 9 5 5  

T f o r  H O : 
Parame t e r = O 

7 . 2 4 1  
Prob > I T I  

0 . 0 0 0 8  

3 .  8 .  Analys i s  o f  variance table for t h e  regre s s ion o f  me t abo l i z ab l e  energy intake for 
maintenance ( MJ/cow/day) ( i . e .  ME. a s s e s s e d  f rom the pooled regress ion of ME I / Lw" · "  on C S )  on 
average l iveweight . 

Sour c e  

Model 
Error 
c Tot a l  

Root MSE 
Dep Mean 
c . v .  

Va r i a b l e  DF 
INTERCEPT 1 
AVLW 1 

Sum of Mean 
DF Squ a r es Squ a r e  F Va l u e  Prob>F 

1 3 4 4 . 5 9 3 9 5  3 4 4 . 5 9 3 9 5  2 3 9 1 5 . 6 4 5  0 . 0 0 0 1  
4 0 . 0 5 7 6 3  0 . 0 1 4 4 1  
5 3 4 4 . 6 5 1 5 9  

0 . 1 2 0 0 4  R - s qu a r e  
6 3 . 9 2 7 1 8  Adj R - s q  

0 . 1 87 7 7  

Parameter Est i ma t e s  

Parameter 
Est ima t e  

1 6 . 0 6 0 9 4 2  
0 . 1 0 4 7 4 5  

S t anda r d  
E r ro r  

0 .  3 1 3 3 7 4 9 5  
0 . 0 0 0 6 7 7 3 2  

0 . 9 9 9 8  
0 . 9 9 9 8  

T f o r  H O : 
Parame t e r = O  

5 1 . 2 5 2  
1 5 4 . 6 4 7  

Prob > I T I  
0 . 0 0 0 1  
0 . 0 0 0 1  

3 .  9 .  Analysis o f  variance table for the regress ion o f  metaboliz ab l e  energy intake for 
maintenance ( MJ/cow/day) ( i . e .  ME. asses sed as by Ferre l l  et al . ,  1 9 7 6 b )  on average 
l iveweight . 

Source 

Mode l 
E r r o r  
c Tot a l  

Root MSE 
Dep Mean 
c . v .  

Var i ab l e  DF 
INTERCEPT 1 
AVLW 1 

Sum o f  Mean 
DF Squa r e s  Squa r e  F Va lue Prob>F 

1 2 3 7 . 1 6 0 7 0  2 3 7 . 1 6 0 7 0  4 0 . 4 1 3  0 . 0 0 3 1  
4 2 3 . 4 7 3 7 4  5 . 8 6 8 4 3 
5 2 6 0 . 6 3 4 4 4  

2 . 4 2 2 4 9  R - squa r e  
6 9 . 8 8 7 4 3  Adj R - sq 

3 . 4 6 6 2 7  

Parame t e r  Est i ma t es 

Pa rameter 
Est ima t e  
3 0 . 1 7 7 7 1 0  
0 . 0 8 6 8 9 6  

S t anda rd 
Error 

6 . 3 2 4 3 0 2 3 9  
0 .  0 1 3 6 6 9 0 9  

0 . 9 0 9 9  
0 . 8 8 7 4  

T f o r  H O : 
Parame t e r = O  

4 .  7 7 2  
6 . 3 5 7 

Prob > I T I  
0 . 0 0 8 8  

0 . 0 0 3 1  
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3 . 10 .  Analys i s  of variance table for the regress ion of metabolizable energy intake for 
maintenance (MJ/cow/day) ( i . e .  MB. a s s e s s ed f rom zero MLWG ) on average l iveweight . 

Sou r c e  

Mod e l  
E r r o r  
U To t a l  

Root MSE 
Dep Mean 
c . v .  

Va r i ab l e  DF 

AVLW 1 

Sum o f  Mean 
DF Squares Square F Value P r ob>F 

1 3 92 7 9 . 2 97 6 3  3 9 2 7 9 . 2 9 7 6 3  3 1 1 . 8 9 1  0 . 0 0 0 1  
5 6 2 9 . 6 9 5 2 9  1 2 5 . 9 3 9 0 6  
6 3 9 9 0 8 . 9 9 2 9 2 

1 1 . 2 2 2 2 6  R - squa r e  0 . 9 8 4 2  
7 9 . 0 0 9 3 1  Adj R - sq 0 .  9 8 1 1  
1 4 . 2 0 3 7 2  

Paramet e r  E s t i ma t e s  

T f o r  H O : Pa r ameter 
E s t i ma t e  

S t a n da r d  
E r ror Parame t e r = O  Prob > I T I  

0 . 1 7 4 8 77 0 . 0 0 9 9 0 2 2 0  1 7 . 6 6 0  0 . 0 0 0 1  

3 . 11 .  Analys is o f  variance table for the regre s s ion o f  metabolizab l e  energy intake for the 
average condit ion score change ( MJ/ cow/day) on average liveweigb t .  

Sum o f  Mean 
Source DF Squa res S qu a r e  F Va l ue P r ob>F 

Mod e l  1 9 9 0 . 7 3 6 5 9  9 9 0 . 7 3 6 5 9  2 02 . 6 3 2  0 . 0 0 0 1  
E r r o r  4 1 9 . 5 5 7 3 1  4 . 8 8 9 3 3  
C To t a l  5 1 0 1 0 . 2 9 3 9 0 

Root MSE 2 . 2 1 1 1 8  R - s qu a r e  0 . 9 8 0 6  
Dep Mean 1 0 1 . 3 5 2 8 1  Adj R - s q  0 . 9 7 5 8  
c . v .  2 . 1 8 1 6 7  

Pa ramet er E s t i ma t es 
Pa rameter S t andard T f o r  HO : 

Va r i a b l e  D F  Es t i ma t e  E r r o r  Pa ramet e r = O P r ob > I T I  

INTERCEPT 1 2 0 . 1 9 0 4 7 4  5 . 7 7 2 6 6 1 0 6  3 . 4 9 8  0 . 0 2 5 0  
AVLW 1 0 . 1 7 7 6 0 6 0 . 0 12 4 7 6 8 0  1 4 . 2 3 5  0 . 0 0 0 1  

3 . 12 .  Analys is o f  variance t able for the regre s s ion o f  herbage ma s s  ( kg DM/ha) on average 
plate me ter reading ( cm )  for the ad l ib i tum level of f eeding . 

Source 

Model 
E r r o r  
cor r e c t e d  To t a l  

Sou r c e  
MR 
Source 
MR 

Parame t e r  
INTERCEPT 
MR 

Sum o f  Mean 
DF S qu a r e s  Squ a r e  F Va lue P r  > F 

1 9 0 5 7 8 5 4 4  . 1 4 9 0 5 7 8 5 4 4 . 1 4 1 2 6 . 8 1 0 . 0 0 0 1  
7 4  5 2 8 5 5 5 9 8 . 5 3 7 1 4 2 6 4 . 8 5 
7 5  1 4 3 4 3 4 1 4 2 . 6 7 

R - Squa r e  c . v .  Root MSE HMASS Mean 
0 . 6 3 1 4 9 9  2 9 . 2 9 5 0 1  8 4 5 . 1 4 1 9  2 8 8 4 . 9 3 4 2 1 

DF Type I S S  Mean Squa r e  F Va l u e  P r  > F 
1 9 0 5 7 8 5 4 4 . 1 4 9 0 5 7 8 5 4 4 . 1 4 1 2 6 . 8 1 0 . 0 0 0 1  

DF Type I I I  ss  Mean Squa re F Va l u e  P r  > F 
1 9 0 5 7 8 5 4 4 . 1 4 9 0 5 7 8 5 4 4 . 1 4 1 2 6 . 8 1 0 . 0 0 0 1  

T f o r  H O : Pr > I T I  S t d  E r r o r  o f  
Es t ima t e  Paramet e r = O  Es t i ma t e  

7 6 3 . 7 1 9 8 0 3 9  3 . 6 1  0 . 0 0 0 6  2 1 1 . 8 4 8 5 5 8 7 1  
1 5 7 . 8 9 6 4 4 2 8  1 1 . 2 6  0 . 0 0 0 1  1 4 . 0 2 1 3 3 3 3 8  
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3 . 1 3 .  Analyai a  of variance tab1e for tbe regre a a ion of herbage mas s  ( kg DM/ba) on average 
plate meter reading (MR, cm) for tbe ma intenance leve l of f e eding . 

Sum o f  Mean 
Source OF Squa res Square F Va l u e  Pr > F 

Mode l 1 4 6 6 4 1 0 5 8 6 . 8  4 6 6 4 1 0 5 8 6 . 8  2 3 8 5 . 4 6 0 . 0 0 0 1  
E r r o r  7 7  1 5 0 5 52 1 8 . 2  1 9 5 5 2 2 . 3  
Unco r rected Tot a l  7 8  4 8 1 4 6 5 8 0 5 . 0  

R - Squa re c . v .  Root MSE HMAS S Mean 
0 . 9 6 87 3 0  2 1 . 6 1 6 6 2  4 4 2 . 1 7 9 1  2 04 5 . 5 5 1 2 8  

Sou r c e  OF Type I ss Mean Squ a r e  F Va l u e  Pr > F 
MR 1 4 6 6 4 1 0 5 8 6 . 8  4 6 6 4 1 0 5 8 6 . 8  2 3 8 5 . 4 6  0 . 0 0 0 1  

Source OF Type I l l  ss Mean Squa r e  F Va l ue Pr > F 
MR 1 4 6 6 4 1 0 5 8 6 . 8  4 6 6 4 1 0 5 8 6 . 8  2 3 8 5 . 4 6 0 . 0 0 0 1  

T f o r  H O : Pr > I T I  S t d  E r r o r  o f  
P a r a met er E s t i ma t e  Parame t e r = O  E s t i ma t e  
MR 1 7 1 . 0 6 8 7 6 3 4  4 8 .  84 0 . 0 0 0 1  3 . 5 0 2 5 5 2 7 2  

Appendix IV .  Results of  the analyses of variance for the variables generated in  the experiment. 

4 . 1 .  Dependent variable : Pre -graz ing Herbage Mass ( PHM ,  kg DM/ba . )  

Sou rce 

Mode l 
E r r o r  
Co r re c t ed Tot a l  

Source 
F 
s 
F * S  

Source 
F 
s 
F * S  

DF 

5 
2 3 7  
2 4 2  

R - Squa r e  
0 . 3 1 4 6 5 6  

OF 
1 
2 
2 

DF 
1 
2 
2 

Sum o f  
Squ a res 

2 6 6 8 6 4 8 5 . 1 2 
5 8 12 5 0 4 5 . 3 5  
8 4 8 1 1 5 3 0 . 4 8  

c . v .  
1 4 . 0 4 0 0 6  

Type I s s  
2 3 8 8 8 4 3 9 . 4 0  

1 5 6 2 6 7 0 . 2 7  
1 2 3 5 3 7 5 . 4 5  

Type I l l  s s  
2 3 87 7 2 5 2 . 8 2 

1 5 3 8 3 0 3 . 6 3 
1 2 3 5 3 7 5 . 4 5  

Mean 
Square 

5 3 3 7 2 9 7 . 02 
2 4 5 2 5 3 . 3 6 

Root MSE 
4 9 5 . 2 3 0 6 

Mean Squa re 
2 3 8 8 8 4 3 9 . 4 0  

7 8 1 3 3 5 . 1 4 
6 1 7 6 8 7 . 7 3  

Mean Squa r e  
2 3 8 7 7 2 5 2 . 8 2 

7 6 9 1 5 1 . 8 1 
6 1 7 6 8 7 . 7 3 

F Va l u e  
2 1 . 7 6 

F Va l ue 
97 . 4 0  

3 . 1 9  
2 . 5 2 

F Va l ue 
9 7 . 3 6 

3 .  1 4  
2 . 5 2 

Tes t s  o f  Hypot heses u s i ng the Type I I I  MS for P S  as an error t erm 

Source 
F 
s 

OF 
1 
2 

Type I l l  ss 
2 3 8 7 7 2 5 2 . 82 

1 5 3 8 3 0 3 . 6 3 

Mean Squa re 
2 3 8 7 7 2 5 2 . 82 

7 6 9 1 5 1 . 8 1  

F Va l u e  
3 8 . 6 6 

1 .  2 5  

P r  > F 

0 . 0 0 0 1  

PHM Mean 
3 5 2 7 . 2 6 7 2 1 

Pr > F 
0 . 0 0 0 1  
0 . 0 4 3 1  
0 . 0 8 2 7  

Pr > F 
0 . 0 0 0 1  
0 . 0 4 5 3  
0 . 0 8 2 7  

P r  > F 
0 . 0 2 4 9  
0 . 4 4 5 4 



4 . 2 .  Dependent variable : Peat-grazing Herbage Ma•• (RHM, kg DM/ha . )  

Sour c e  

Model 
Error 
cor r e c t ed Tot a l  

Sou r c e  
F 
s 
F * S  

Sou r c e  
F 
s 
F * S  

DF 

5 
2 3 7 
2 4 2  

R-Squa re 
0 . 9 0 1 1 8 9  

DF 
1 
2 
2 

DF 
1 
2 
2 

Sum o f  
Squares 

6 7 6 0 6 5 4 3 . 0 5  
7 4 12 6 92 . 6 2 

7 5 0 1 9 2 3 5 . 6 7 
c . v .  

1 3 . 5 7 5 8 2  

Type I s s  
6 7 52 1 3 3 5 . 7 5  

2 3 7 07 . 3 8  
6 1 4 9 9 . 9 2 

Type I l l  S S  
6 7 5 17 7 2 8 . 1 2 

2 2 3 0 1 . 7 2 
6 1 4 9 9 . 9 2 

Mean 
Squa r e  

1 3 5 2 1 3 0 8 . 6 1  
3 12 7 7 . 1 8 

Root M S E  
1 7 6 . 8 5 3 6  

Mean Squa r e  
6 7 5 2 1 3 3 5 . 7 5  

1 1 8 5 3 . 6 9 
3 0 7 4 9 . 9 6 

Mean Squa re 
6 7 5 1 7 7 2 8 . 1 2 

1 1 1 5 0 . 8 6 
3 0 7 4 9 . 9 6 

F Va l u e  

4 32 . 3 1  

F Va l u e  
2 1 5 8 . 8 0 

0 .  3 8 
0 . 9 8 

F Va l u e  
2 1 5 8 . 6 9 

0 . 3 6 
0 . 9 8 

Test s  of Hypotheses u s i n g  the Type I l l  MS for F * S  as an e r r o r  term 

sou r c e  
F 
s 

DF 
1 
2 

Type I l l  S S  
6 7 5 1 7 7 2 8 . 12 

2 2 3 0 1 . 7 2 

Mean S qu a r e  
6 7 5 1 7 7 2 8 . 1 2 

1 1 1 5 0 . 8 6 

F Va l ue 
2 1 9 5 . 7 0 

0 . 3 6 

Pr > F 

0 . 0 0 0 1  

R HM  Mean 
1 3 02 . 7 1 0 0 9  

Pr > F 
0 . 0 0 0 1  
0 . 6 8 5 0  
0 . 3 7 5 7  

P r  > F 
0 . 0 0 0 1  
0 . 7 0 0 5  
0 .  3 7 5 7  

P r  > F 
0 . 0 0 0 5  
0 . 7 3 3 9  

4 . 3 . Dependent variabl e :  Herbage dry matter al lowance ( HA ,  kg DM/cow/day ) . 

Sou r c e  

Model · 
Error 
Cor re c t ed Tota l 

Sour c e  
F 
s 
F · s  

Source 
F 
s 
F * S  

DF 

5 
2 3 7 
2 4 2  

R - Squ a r e  
0 . 9 0 1 0 6 8  

DF 
1 
2 
2 

DF 
1 
2 
2 

Sum o f  
Squa res 

8 1 0 6 . 8 7 1 5 1 1  
8 9 0 . 0 8 8 5 1 1  

8 9 96 . 9 6 0 0 2 3  
c . v .  

1 3 . 0 3 4 4 1 

Type I ss 
7 2 8 4 . 7 4 0 8 3 5  

7 6 4 . 6 7 2 2 0 8  
5 7 . 4 5 8 4 6 8  

Type I l l  s s  
7 2 22 . 3 5 4 1 52 

7 6 8 . 7 4 6 9 9 8  
5 7 . 4 5 8 4 6 8  

Mean 
Squ a r e  

1 6 2 1 . 3 7 4 3 0 2 
3 . 7 5 5 6 4 8 

Root MSE 
1 . 9 3 7 9 4 9 

Mean Squa r e  
7 2 8 4 . 7 4 0 8 3 5  

3 8 2 . 3 3 6 1 0 4  
2 8 . 7 2 9 2 3 4  

Mean Squ a r e  
7 2 2 2 . 3 5 4 1 5 2  

3 8 4 . 3 7 3 4 9 9  
2 8 . 72 9 2 3 4  

F Va l u e  

4 3 1 . 7 2 

F Va l u e  
1 9 3 9 . 6 8 

1 0 1 . 8 0 
7 . 6 5 

F Va l u e  
1 9 2 3 . 0 6 

1 02 . 3 5  
7 . 6 5 

Pr > ? 

0 . 0 0 0 1  

H A  Mean 
1 4 . 8 6 7 9 5 3 3  

P r  > F 
0 . 0 0 0 1  
o . o o o :  
0 . 0 0 0 6  

P r  > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 0 0 6  

Tes t s  o f  Hypotheses us i ng t h e  Type I l l  M S  f o r  F • s  a s  a n  e r r o r  term 

Sou r c e  
F 
s 

DF 
1 
2 

Type I I I  S S  
7 2 2 2 . 3 5 4 1 5 2 

7 6 8 . 7 4 6 9 9 8  

Mean Squa r e  
7 2 2 2 . 3 5 4 1 5 2 

3 8 4 . 3 7 3 4 9 9  

F Va l u e  
2 5 1 . 3 9 

1 3 . 3 8 

Pr > F 
0 . 0 0 4 0  
0 . 0 6 9 5  

4 . 4 .  Dependent variable : Herbage DM allowance ( BA ,  kg DM / 1 0 0  kg l ivewe ight /day . 

Source 

Model 
Error 
Cor r ec t ed Tot a l  

Source 
F 
s 
F * S  

Source 
F 
s 
F * S  

DF 

5 
2 3 7  
2 4 2  

R - Squ a r e  
0 . 8 8 5 3 6 5  

DF 
1 

2 
2 

DF 
1 
2 
2 

Tes t s  o f  
Source 

Hypotheses using t h e  
DF 

F 1 
s 2 

Sum o f  
Squa res 

3 32 . 6 9 8 4 1 0 5  
4 3 . 0 7 7 1 6 02 

3 7 5 . 7 7 5 5 7 07 
C . V .  

1 3 . 1 1 3 9 3  

Type I S S  
3 2 7 . 6 5 5 0 5 7 2  

3 . 6 1 1 6 1 7 1  
1 . 4 3 1 7 3 6 2  

Typ e  I I I  S S  
3 2 8 . 6 4 8 0 5 7 3  

3 . 6 4 8 7 4 8 5  
1 . 4 3 1 7 3 6 2  

Type I I I  M S  for 
Type I l l  ss 
3 2 8 . 6 4 8 0 5 7 3  

3 . 6 4 87 4 8 5 

Mean 
Squa r e  

66 . 5 3 9 6 8 2 1  
0 . 1 8 1 7 6 0 2  

Root M S E  
0 . 4 2 6 3 3 3  

Mean Squa r e  
3 2 7 . 6 5 5 0 5 7 2  

1 . 8 0 5 8 0 8 5  
0 . 7 1 5 8 6 8 1  

Mean Squar e  
3 2 8 . 6 4 8 0 5 7 3  

1 . 82 4 3 7 4 3  
0 . 7 1 5 8 6 8 1  

F Va l u e  

3 6 6 . 0 9 

F Va l u e  
1 802 . 6 8 

9 . 9 4 
3 .  9 4  

F Va l u e  
1 8 0 8 . 1 4 

1 0 . 04 
3 . 9 4 

F * S  as an e r r o r  term 
Mean Squar e  F Va l ue 
3 2 8 . 6 4 8 0 5 7 3  4 5 9 . 0 9 

1 . 8 2 4 3 7 4 3  2 . 5 5  

Pr > F 

0 . 0 0 0 1  

H A  Mean 
3 . 2 5 0 9 9 6 5 5  

P r  > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 02 0 8  

P r  > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 2 0 8 

Pr > F 
0 . 0 0 2 2  
0 . 2 8 1 8  
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4 .  5 .  Dependent variable : Herbage DM allowance (BA, 11 DM/kg LW0 . 75 /day) • 

Sum o f  Mean 
Sour c e  DF Squ ares Squa re F Va l u e  P r  > F 

Model 5 7 1 1 6 2 6 . 3 4 1 6  1 4 2 3 2 5 . 2 6 8 3  3 7 0 . 0 5 0 . 0 0 0 1  
Error 2 3 7  9 1 1 5 3 . 3 7 3 1  3 8 4 . 6 1 3 4  
Cor r e c t ed Tot a l  2 4 2  8 0 2 7 7 9 . 7 1 4 7  

R - Squa r e  C . V .  Root MSE HA Mean 
0 . 8 8 6 4 5 3  1 3 . 0 6 4 4 0  1 9 . 6 1 1 5 6  1 5 0 . 1 1 4 5 5 1  

Sou r c e  DF Type I ss Mean Squa r e  F Va lue P r  > F 
F 1 7 0 9 907 . 2 4 4 1  7 0 9 9 0 7 . 2 4 4 1  1 8 4 5 . 7 7 0 . 0 0 0 1  
s 2 9 5 8 . 4 5 3 7  4 7 9 . 2 2 6 9  1 . 2 5  0 . 2 8 9 5  
F * S  2 7 6 0 . 6 4 3 8  3 8 0 . 3 2 1 9  0 . 9 9 0 . 3 7 3 5  

Sou r c e  DF Type I l l  s s  Mean Squa r e  F Va lue Pr > F 
F 1 7 1 0 004 . 1 3 9 7  7 1 0 0 0 4 . 1 3 9 7 1 8 4 6 . 0 2 0 . 0 0 0 1  
s 2 9 3 0 . 2 2 9 0  4 6 5 . 1 1 4 5  1 . 2 1  0 . 3 0 02 
F * S  2 7 6 0 . 6 4 3 8  3 8 0 . 3 2 1 9  0 . 9 9 0 . 3 7 3 5  

Tes t s  o f  Hypotheses u s i ng the Type I l l  MS for F * S  a s  an e rror t e rm 

Sou r c e  DF Type I l l  ss Mean Squa r e  F Va lue Pr > F 
F 1 7 1 0 0 0 4  . 1 3 9 7 7 1 0 0 0 4 . 1 3 9 7  1 8 6 6 . 8 5 0 . 0 0 0 5  
s 2 9 3 0 . 2 2 9 0  4 6 5 . 1 1 4 5  1 . 2 2  0 . 4 4 9 9 

4 . 6 .  Dependent variable : Me t abolizable energy al lowance (MEHA, MJ/cow/day ) . 

Sou r c e  

Mode l 
Er ror 
co r r ec t ed Tot a l  

Source 
F 
s 
F * S  

Source 
F 
s 
F * S  

DF 

5 
2 3 7  
2 4 2  

R - Square 
0 . 9 0 5 5 2 3  

DF 
1 
2 
2 

DF 
1 
2 
2 

Tes t s  of Hypotheses 
Sou r c e  

u s i ng the 
DF 

F 1 
s 2 

Sum o f  
Squa res 

1 1 0 3 9 7 8 . 5 9 0  
1 1 5 1 8 2 . 0 4 1  

1 2 1 9 1 6 0 . 6 3 2  
c . v .  

1 2 . 8 5 3 5 3  

Typ e  I s s  
9 9 4 9 1 2 . 5 2 0 6  
1 0 1 2 1 6 . 5 9 1 2 

7 8 4 9 . 4 7 8 5  

Type I l l  s s  
9 8 6 4 9 3 . 0 0 4 0  
1 0 1 7 6 5 . 6 1 8 5  

7 8 4 9 . 4 7 8 5  

Type I I I  M S  for 
Type I l l  SS 
9 8 6 4 9 3 . 0 0 4 0  
1 0 1 7 6 5 . 6 1 8 5  

Mean 
Squa r e  

2 2 0 7 9 5 . 7 1 8  
4 8 6 . 0 0 0  

Root MSE 
2 2 . 0 4 5 4 1  

Mean Squa r e  
9 9 4 9 1 2 . 5 2 0 6  

5 0 6 0 8 . 2 9 5 6  
3 9 2 4 . 7 3 9 2 

Mean Square 
9 8 6 4 9 3 . 0 0 4 0  

5 0 8 8 2 . 8 0 9 3  
3 9 2 4 . 7 3 9 2 

F V a l u e  

4 5 4 . 3 1  

F Va l u e  
2 0 4 7 . 1 4 

1 0 4  . 1 3 
8 . 0 8 

F Va l u e  
2 0 2 9 . 8 2 

1 0 4 . 7 0 
8 . 0 8 

F * S  as an error term 
Mean Square F Va l u e  
9 8 6 4 9 3 . 0 0 4 0  2 5 1 . 3 5 

5 0 8 8 2 . 8 0 9 3 1 2 . 9 6 

Pr > F 

0 . 0 0 0 1  

MEHA Mean 
1 7 1 . 5 1 2 4 9 2 

Pr > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 0 0 4  

P r  > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 0 0 4  

P r  > F 
0 . 0 04 0 
0 . 0 7 1 6  

4 .  7 .  Depena ... . _ variable : Metabolizable energy allowan c e  (MEHA, MJ ME / 1 0 0  kg 
l iveweight /day ) .  

Source 

Model 
E rror 
Cor rected Tot a l  

Source 
F 
s 
F · s  
Source 
F 
s 
F * S  

DF 
5 

2 3 7  
2 4 2  

R - Square 
0 . 8 9 1 3 0 8  

DF 
1 
2 
2 

DF 
1 
2 
2 

Tes t s  of 
Source 

Hypotheses using the 
DF 

F 1 
s 2 

Sum o f  
Squares 

4 5 4 7 5 . 6 7 1 3 8  
5 5 4 5 . 5 7 8 3 9  

5 1 0 2 1 . 2 4 9 7 7  
c . v .  

1 2 . 8 9 8 7 7  

Typ e  I s s  
4 4 7 9 6 . 4 5 2 0 9  

4 8 4 . 1 0 3 9 3  
1 9 5 . 1 1 5 3 6  

Typ e  I l l  SS 
4 4 9 3 1 . 9 5 7 0 7  

4 8 9 . 2 6 1 7 6  
1 9 5 . 1 1 5 3 6  

Typ e  I l l  M S  f o r  
Typ e  III ss 
4 4 9 3 1 . 9 5 7 0 7  

4 8 9 . 2 6 1 7 6  

Mean 
Square 

9 0 9 5 . 1 3 4 2 8  
2 3 . 3 9 9 06 

Root MSE 
4 . 8 3 7 2 5 8  

Mean Square 
4 4 7 9 6 . 4 5 2 0 9  

2 4 2 . 0 5 1 9 7  
9 7 . 5 5 7 6 8  

Mean Square 
4 4 9 3 1 . 9 5 7 0 7  

2 4 4 . 6 3 0 8 8  
9 7 . 5 5 7 6 8  

F Va l ue 

3 8 8 . 7 0 

F Va l u e  
1 9 1 4 . 4 5  

1 0 . 3 4 
4 . 1 7 

F Va l u e  
1 9 2 0 . 2 5 

1 0 . 4 5  
4 . 1 7 

F * S  as an e r ror term 
Mean Square F Value 
4 4 9 3 1 . 9 5 7 0 7  4 6 0 . 57 

2 4 4 . 6 3 0 8 8  2 . 5 1  

P r  > F 

0 . 0 0 0 1  

MEHA Mean 
3 7 . 5 0 1 6 9 6 9  

P r  > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 1 6 6  

P r  > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 1 6 6  

Pr > F 
0 . 0 0 2 2  
0 . 2 8 5 1  
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4 . 8 .  Dependent variable : Met abol i zable energy a llowanc e  (MBRA, MJ MB / Lw0 · 7 5/day ) . 

Sour ce 

Mod e l  
E r r or 
Cor rected Tot a l  

Sour ce 
F 
s 
F * S  

Source 
F 
s 
F * S  

DF 

5 
2 3 7  
2 4 2  

R - Square 
0 . 8 9 2 2 0 9  

DF 
1 
2 
2 

DF 
1 
2 
2 

Sum of 
Squares 

9 7 . 2 5 1 3 2 3 8 6  
1 1 . 7 4 9 3 4 2 2 6  

1 0 9 . 0 0 0 6 6 6 1 2 
c . v .  

1 2 . 8 5 7 9 8  

Typ e  I s s  
9 7 . 0 3 0 4 6 6 3 2  

0 . 1 1 8 1 6 2 7 6  
0 . 1 0 2 6 9 4 7 8  

Type I I I  S S  
9 7 . 0 4 5 8 6 3 3 2  

0 . 1 1 4 5 7 4 9 0  
0 . 1 0 2 6 9 4 7 8  

Mean 
Square 

1 9 . 4 5 0 2 6 4 7 7  
0 . 0 4 9 5 7 5 2 8  

Root MSE 
0 . 2 2 2 6 5 5  

Mean Square 
9 7 . 0 3 0 4 6 6 3 2  

0 .  0 5 9 0 8 1 3 8  
0 . 0 5 1 3 4 7 3 9  

Mean Squ a r e  
9 7 . 0 4 5 8 6 3 3 2  

0 . 0 5 7 2 8 7 4 5  
0 . 0 5 1 3 4 7 3 9  

F Va l u e  

3 9 2 . 3 4 

F Va lue 
1 9 57 . 2 3 

1 .  1 9  
1 .  0 4  

F Va lue 
1 9 5 7 . 5 5 

1 . 1 6 
1 .  0 4  

Tes ts o f  Hypotheses u s i n g  the Type I I I  M S  for F * S  as an e r r o r  t e r m  

Source 
F 
s 

DF 
1 
2 

Type I I I  S S  
9 7 . 0 4 5 8 6 3 3 2  

0 . 1 1 4 5 7 4 9 0  

Mean Square 
9 7 . 0 4 5 8 6 3 3 2  

0 . 0 5 7 2 8 7 4 5  

F Va l u e  
1 8 8 9 . 9 9 

1 . 1 2 

4 . 9 .  Dependent variable : Herbage DM intake ( DM I ,  kg DM/cow/day ) .  

Source 

Model 
E r ror 
Co r rec t ed Tot a l  

Source 
F 
s 
F * S  

Source 
F 
s 
F * S  

DF 

5 
2 3 7  
2 4 2  

R - Squa r e  
0 . 6 0 1 3 6 2  

DF 
1 
2 
2 

DF 
1 
2 
2 

Sum o f  
Squares 

1 0 4 2 . 6 5 3 0 0 8  
6 9 1 . 1 6 6 6 9 5  

1 7 3 3 . 8 1 9 7 0 2  
c . v .  

1 9 . 2 5 7 8 �  

Typ e  I s s  
7 3 1 . 6 3 4 5 5 8 4  
3 0 9 . 7 6 7 1 7 8 5  

1 . 2 5 1 2 7 0 9  

Type I I I  S S  
7 2 1 . 3 0 5 5 3 0 0  
3 0 9 . 9 6 6 1 9 7 8  

1 . 2 5 1 2 7 0 9  

Mean 
Squ a r e  

2 0 8 . 5 3 0 6 0 2  
2 . 9 1 6 3 1 5  

Root MSE 
1 . 7 0 7 7 2 2  

Mean Square 
7 3 1 . 6 3 4 5 5 8 4  
1 5 4 . 8 8 3 5 8 9 3  

0 . 6 2 5 6 3 5 4  

Mean Square 
7 2 1 . 3 0 5 5 3 0 0  
1 5 4 . 9 8 3 0 9 8 9  

0 . 6 2 5 6 3 5 4  

F Va l ue 

7 1 . 5 0 

F Va l ue 
2 5 0 . 8 8 

5 3 . 1 1 
0 . 2 1  

F Va lue 
2 4 7 . 3 3 

5 3 . 1 4 
0 . 2 1  

Test s  o f  Hypotheses us ing the Type I I I  MS for F * S  as a n  error t erm 

Source 
F 
s 

DF 
1 
2 

Type I I I  SS 
7 2 1 . 3 0 5 5 3 0 0 
3 0 9 . 9 6 6 1 9 7 8  

Mean Squa r e  
7 2 1 . 3 0 5 5 3 0 0  
1 5 4 . 9 8 3 0 9 8 9  

F Va lue 
1 1 5 2 . 9 2 

2 4 7 . 7 2 

Pr > F 

0 . 0 0 0 1  

MEHA Mean 
1 . 7 3 1 6 4 9 2 8  

P r  > F 
0 . 0 0 0 1  
0 . 3 0 5 5  
0 . 3 5 6 6  

Pr > F 
0 . 0 0 0 1  
0 . 3 1 6 6  
0 . 3 5 6 6  

Pr > F 
0 . 0 0 0 5  
0 . 4 7 2 7  

P r  > F 

0 . 0 0 0 1  

u!1I Mean 
8 . 8 6 7 6 7 4 9 7 

Pr > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 8 0 7 1  

P r  > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 8 0 7 1  

P r  > F 
0 . 0 0 0 9  
0 . 0 0 4 0  

4 . 10 . Dependent variable : Herbage DM intake ( DMI, kg DM / 100 kg liveweigbt /day ) . 

Source 

Model 
Error 

DF 

Cor r e c t ed Tot a l  

5 
2 3 7  
2 4 2  

R - Squa r e  
0 . 4 9 2 7 5 0  

Source 
F 
s 
F * S  

Source 
F 
s 
F * S  

Tests o f  
Source 
F 
s 

Hypotheses 

DF 
1 
2 
2 

DF 
1 
2 
2 

us ing the 
DF 

1 
2 

Sum o f  
Squares 

3 2 . 3 0 5 2 3 0 3 9  
3 3 . 2 5 5 8 2 0 8 1  
6 5 . 5 6 1 0 5 1 2 0  

c . v .  
1 9 . 2 9 4 4 4  

Type I ss 
3 1 . 0 7 8 9 9 7 6 8  

0 . 8 0 8 7 5 6 0 1  
0 . 4 1 7 4 7 6 6 9  

Type I I I  S S  
3 1 . 2 3 6 6 5 0 92 

0 . 8 1 8 4 7 0 4 0  
0 . 4 1 7 4 7 6 6 9  

Typ e  I I I  M S  for 
Type I I I  SS 
3 1 . 2 3 6 6 5 0 9 2  

0 . 8 1 8 4 7 0 4 0  

Mean 
Squ a r e  

6 . 4 6 1 0 4 6 0 8  
0 . 1 4 0 3 1 9 9 2 

Root MSE 
0 . 3 7 4 5 9 3  

Mean Squa re 
3 1 . 0 7 8 9 9 7 6 8  

0 . 4 0 4 3 7 8 0 1  
0 . 2 0 8 7 3 8 3 5  

Mean Squa re 
3 1 . 2 3 6 6 5 0 92 

0 . 4 0 9 2 3 5 2 0  
0 . 2 0 8 7 3 8 3 5  

F Va l u e  

4 6 . 0 5 

F Va l u e  
2 2 1 . 4 9 

2 . 8 8 
1 . 4 9  

F Va lue 
2 2 2 . 6 1 

2 . 9 2 
1 . 4 9  

F * S  as a n  error t e rm 
Mean Square F Va lue 
3 1 . 2 3 6 6 5 0 92 1 4 9 . 6 5 

0 . 4 0 9 2 3 5 2 0  1 . 9 6 

Pr > F 

0 . 0 0 0 1  

Dl1I Mean 
1 .  9 4 1 4 5 5 9 4  

P r  > F 
0 . 0 0 0 1  
0 . 0 5 8 0  
0 . 2 2 8 0  

P r  > F 
0 . 0 0 0 1  
0 . 0 5 6 1  
0 . 2 2 8 0 

Pr > F 
0 . 0 0 6 6  
0 . 3 3 7 8  
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4 . 11 .  Dependent variable • Herbage DM intake ( DM:I ,  g DM/kg LW0 " 7 5 /day) . 

Source 

Mode l 
E r r o r  
Cor rect ed Tot a l  

Source 
F 
s 
F • s  

Source 
F 
s 
F • s  

DF 

5 
2 3 7  
2 4 2  

R - Squa r e  
0 . 4 9 5 5 5 5  

DF 
1 
2 
2 

DF 
1 
2 
2 

Sum o f  
Squa res 

6 9 2 0 9 . 4 2 5 4 4  
7 0 4 5 0 . 8 9 2 3 0  

1 3 9 6 6 0 . 3 1 7 7 4  
c . v .  

1 9 . 2 3 9 1 9  

Typ e  I s s  
6 8 3 8 6 . 8 6 0 7 4  

3 7 6 . 2 9 5 0 0  
4 4 6 . 2 6 9 7 1  

Type I l l  ss 
6 8 3 9 8 . 6 3 1 6 8  

3 6 1 . 4 0 9 2 8  
4 4 6 . 2 6 9 7 1  

Mean 
Squa re 

1 3 8 4 1 . 8 8 5 0 9  
2 9 7 . 2 6 1 1 5  

Root MSE 
1 7 . 2 4 1 2 6  

Mean Squa r e  
6 8 3 8 6 . 8 6 0 7 4  

1 8 8 . 1 4 7 5 0  
2 2 3 . 1 3 4 8 5  

Mean Squa r e  
6 8 3 9 8 . 6 3 1 6 8  

1 8 0 . 7 0 4 6 4  
2 2 3 . 1 3 4 8 5  

F Va l u e  

4 6 . 5 6 

F Va lue 
2 3 0 . 0 6 

0 . 6 3 
0 . 7 5  

F Va lue 
2 3 0 . 1 0 

0 . 6 1  
0 . 7 5  

Tes t s  o f  Hypotheses u s i n g  t he Type I I I  M S  for F • s  as a n  error term 

Source 
F 
s 

DF 
1 
2 

Type I I I  S S  
6 8 3 9 8 . 6 3 1 6 8 

3 € : . 4 0 9 2 8  

Mean Squa r e  
6 8 3 9 8 . 6 3 1 6 8  

1 8 0 . 7 0 4 6 4  

4 . 12 .  Dependent variable : E f f ic iency o f  grazing ( BFGR, % ) . 

Source 

Model 
E r ror 
Corrected Tot a l  

Source 
F 
s 
F • s  

Source 
F 
s 
F • s  

DF 

5 
2 3 7  
2 4 2  

R - Squa r e  
0 . 7 8 5 5 6 3  

DF 
1 
2 
2 

DF 
1 
2 
2 

Sum o f  
Squa res 

3 2 8 2 5 . 1 3 8 1 4 
8 9 6 0 . 3 4 9 8 8  

4 1 7 8 5 . 4 8 8 0 2  
c . v .  

9 . 6 7 3 9 7 0  

Type I S S  
3 2 6 4 G . 0 2 2 7 9  

1 0 € . 5 3 0 6 3  
/ 8 . 5 8 4 7 1  

Typ e  I l l  s s  
3 2 6 3 ' . 9 0 2 3 5  

1 0 5 . 5 3 5 2 0  
7 8 . 5 8 4 7 1  

Mean 
Squar e  

6 5 6 5 . 0 2 7 6 3  
3 7 . 8 0 7 3 8  

Root MSE 
6 . 1 4 8 7 7 1  

Mean Squa re 
3 2 6 4 0 . 0 2 2 7 9  

5 3 . 2 6 5 3 2  
3 9 . 2 9 2 3 6  

Mean Square 
3 2 6 3 7 . 9 0 2 3 5  

5 2 . 7 6 7 6 0  
3 9 . 2 9 2 3 6  

F Va lue 
3 0 6 . 5 3 

0 . 8 1 

F Va l ue 

1 7 3 . 6 4  

F Va l ue 
8 6 3 . 3 2 

1 . 4 1  
1 . (1 4 

F Va l ue 
8 6 3 . 2 7 

1 . 4 0  
1 . 0 4 

Tests o f  HyPotheses us i ng the Type I I I  MS f o r  F • s  as an e r r o r  term 

Source 
F 
s 

DF 
1 
2 

Type I l l  ss 
3 2 6 3 7 . 9 0 2 3 5  

1 0 5 . 5 3 5 2 0  

Mean Squa r e  
3 2 6 3 7 . 9 02 3 5  

5 2 . 7 6 7 6 0  

F Va lue 
8 3 0 . 6 4 

1 . 3 4 

Pr > F 

0 . 0 0 0 1  

DMI Mean 
8 9 . 6 1 5 3 1 6 2  

P r  > F 
0 . 0 0 0 1  
0 . 5 3 1 9  
0 . 4 7 3 2  

P r  > F 
0 . 0 0 0 1  
0 . 5 4 5 3  
0 . 4 7 3 2  

P r  > F 
0 . 0 0 3 2  
0 . 5 5 2 5  

P r  > F 

0 . 0 0 0 1  

EFGR Mean 
6 3 . 5 5 9 9 5 6 4  

P r  > F 
0 . 0 0 0 1  
0 . 2 4 6 5  
0 . 3 5 5 3  

P r  > F 
0 . 0 0 0 1  
0 . 2 4 9 7 
0 . 3 5 5 3  

P r  > F 
0 . 0 0 1 2  
0 . 4 2 6 8  

4 . 13 .  Dependent variable : Metabolizable energy intake (MB:I , MJ ME / cow day) . 

Source 

Model 
Error 
Correc t ed Tot a l  

Sou r c e  
F 
s 
F • s  

Source 
F 
s 
F • s  

DF 

5 
2 3 7  
2 4 2  

R - S qu a r e  
0 . 6 05 7 9 3  

DF 
1 
2 
2 

DF 
1 
2 
2 

Test s  o f  
Source 

Hypotheses u s i ng the 
DF 

F 1 
s 2 

Sum o f  
Squa res 

1 4 4 1 5 9 . 8 0 1 2  
9 3 8 0 9 . 0 9 4 6  

2 3 7 9 6 8 . 8 9 5 8  
c . v .  

1 9 . 4 6 1 4 1  

Type I SS 
1 0 3 0 1 2 . 3 2 4 2  

4 0 9 5 5 . 9 2 2 0  
1 9 0 . 5 5 5 1  

Type I I I  S S  
1 0 1 5 9 4 . 8 7 8 9  

4 0 9 6 8 . 9 8 7 8  
1 9 0 . 5 5 5 1  

Type ! I I  M S  f o r  
Type I I I  SS 
1 0 1 5 9 4 . 8 7 8 9  

4 0 9 8 8 . 9 8 7 8  

Mean 
Squ a r e  

2 8 8 3 1 . 9 6 0 2 
3 9 5 . 8 1 9 0 

Root MSE 
1 9 . 8 9 5 2 0  

Mean S quare 
1 0 3 0 1 2 . 3 2 4 2  

2 0 4 7 8 . 4 6 1 0  
9 5 . 2 7 7 5  

Mean Square 
1 0 1 5 9 4 . 8 7 8 9  

2 0 4 9 4 . 4 9 3 9  
9 5 . 2 7 7 5  

F Va l u e  

7 2 . 8 4 

F Va l u e  
2 6 0 . 2 5  

5 1 . 7 4 
0 . 2 4 

F Va l u e  
2 5 6 . 6 7 

5 1 . 7 8 
0 . 2 4 

F • s  as an e r ror t erm 
Mean S quare F Va lue 
1 0 1 5 9 4 . 8 7 8 9  1 0 6 6 . 3 0 

2 0 4 9 4 . 4 9 3 9  2 1 5 . 1 0 

Pr > F 

0 . 0 0 0 1  

M E I  Mean 
1 0 2 . 2 2 8 9 6 4  

P r  > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 7 8 6 3  

P r  > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 7 8 6 3  

P r  > F 
0 . 0 0 0 9  
0 . 0 0 4 6  
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4 . 14 .  Dependent variable : Metabolizable energy intake ( MB I ,  M J  MB / 1 0 0  kg liveweight /day ) . 

Sum o f  Mean 
Source DF squares s qua r e  F Va lue Pr > F 

Model 5 4 5 57 . 2 0 1 2 0 9  9 1 1 . 4  4 0 2  4 2 4 8 . 0 2 0 . 0 0 0 1  
E r r or 2 3 7 4 4 9 8 . 0 1 7 0 9 0  1 8 . 9 7 8 9 7 5  
Cor rec t ed To t a l  2 4 2  9 0 5 5 . 2 1 8 2 9 9  

R - Squa re c . v .  Root MSE MEI Mean 
0 . 5 0 3 2 6 8  1 9 . 4 6 5 2 0  4 . 3 5 6 4 8 7 2 2 . 3 8 0 8 9 2 8  

Source DF Type I s s  Mean Squa r e  F Va l u e  Pr > F 
F 1 4 3 9 2 . 2 3 1 2 3 6  4 3 9 2 . 2 3 12 3 6  2 3 1 . 4 3 0 . 0 0 0 1  
s 2 1 0 8 . 8 5 5 7 1 3  5 4 . 4 2 7 8 5 7  2 . 8 7 0 . 0 5 8 8  
F * S  2 5 6 . 1 1 4 2 6 1  2 8 . 0 5 7 1 3 0  1 .  4 8 0 . 2 3 0 1  

Source DF Type I I I  SS Mean Squa re F Va l u e  Pr > F 
F 1 4 4 1 4 . 0 6 2 1 3 3  4 4 1 4 . 0 6 2 1 3 3  2 3 2 . 5 8 0 . 0 0 0 1  
s 2 1 1 0 . 1 9 9 5 1 6  5 5 . 0 9 9 7 5 8  2 . 9 0 0 . 0 5 6 8  
F * S  2 5 6 . 1 1 4 2 6 1  2 8 . 0 5 7 1 3 0  1 . 4 8  0 . 2 3 0 1  

Tes t s  o f  Hypotheses us i ng the Type I I I  MS for F * S  as an er ror t e r m  

Source 
F 
s 

DF 
1 
2 

Type I l l  ss 
4 4 1 4 . 0 6 2 1 3 3  

1 1 0 . 1 9 9 5 1 6  

Mean Squa re 
4 4 1 4 . 0 6 2 1 3 3  

5 5 . 0 9 9 7 5 8  

F Va l u e  
1 5 7 . 3 2 

1 . 9 6 

Pr > F 
0 . 0 0 6 3  
0 . 3 3 7 4  

4 . 1 5 .  Dependent variable : Metabolizable energy intake ( MB I ,  M J  MB / LW
0

" 7 5 /day ) . 

Source 

Model 
E r ror 
Correc t ed 

Source 
F 
s 
F • s  

Source 
F 
s 
F • s  

Tes t s  

Source 
F 
s 

o f  

DF 

5 
2 3 7  

Tota l 2 4 2  
R - Squa r e  
0 . 5 0 5 7 8 6  

DF 
1 
2 
2 

DF 
1 
2 
2 

Hypotheses u s ing the 

DF 
1 
2 

Sum of 
Squa res 

9 . 7 6 0 2 0 8 2 2  
9 . 5 3 6 9 0 9 8 6  

1 9 . 2 9 7 1 1 8 0 7  
c . v .  

1 9 . 4 1 7 5 2  

Type I ss 
9 .  6 5 4 9 4 5 1 3  
0 . 0 4 6 6 3 9 5 7  
0 . 0 5 8 62 3 5 2 

Type I I I  ss 
9 .  6 5 6 8 2 1 3 2  
0 .  0 4 4 7 4 7 2 4  
0 . 0 5 8 6 2 3 5 2  

Type I l l  MS 

Type I II SS 
9 . 6 5 6 8 2 1 3 2  
0 . 0 4 4 7 4 7 2 4  

for 

4 . 1 6 . Dependent variable : Daily Stocking Rat e 

Sum o f  
Source DF Squa res 

Model 5 1 6 7 2 7 0 0 . 6 6 2  
Error 2 3 7  2 3 2 1 6 6 . 4 0 8 
Corr e c t ed Tot a l  2 4 2  1 9 0 4 8 6 7 . 07 0  

R - Squa r e  c . v .  
0 . 8 7 8 1 1 9  1 1 . 5 7 8 9 3  

Source DF Type I s s  
F 1 1 4 7 5 9 7 4 . 4 5 3  
s 2 1 8 4 1 0 6 . 2 1 1  
F • s  2 1 2 6 1 9 . 9 9 8  

Source DF Type I l l  s s  
F 1 1 4 6 7 5 3 1 . 1 9 9  
s 2 1 8 2 4 5 1 . 2 0 5  
r • s  2 1 2 6 1 9 . 9 9 8  

Tests o f  Hypotheses u s i ng the Type I I  I MS for 
Source DF Type I I I  S S  
F 1 1 4 6 7 5 3 1 . 1 9 9  
s 2 1 8 2 4 5 1 . 2 0 5  

Mean 
Square F Va l u e  

1 . 9 5 2 0 4 1 6 4  4 8 . 5 1 
0 . 0 4 0 2 4 0 1 3  

Root MSE 
0 . 2 0 0 5 9 9  

Mean Square F Va l u e  
9 .  6 5 4 9 4 5 1 3  2 3 9 . 9 3 
0 . 0 2 3 3 1 9 7 8  0 . 5 8 
0 .  02 9 3 1 1 7 6  0 . 7 3  

Mean Square F V a l u e  
9 .  6 5 6 8 2 1 3 2  2 3 9 . 9 8 
0 . 0 2 2 3 7 3 6 2 0 . 5 6 
0 . 0 2 9 3 1 1 7 6  0 . 7 3  

F * S  a s  a n  error t e rm 

Mean Squ a r e  
9 . 6 5 6 8 2 1 3 2  
0 . 0 2 2 3 7 3 6 2 

F Va lue 
3 2 9 . 4 5 

0 . 7 6  

P r  > F 

0 . 0 0 0 1  

MEI Mean 
1 . 0 3 3 0 8 4 7 8  

P r  > F 
0 . 0 0 0 1  
0 . 5 6 1 0  
0 .  4 8 3  7 

P r  > F 
0 . 0 0 0 1  
0 . 5 7 4 2  
0 . 4 8 3 7  

P r  > F 
0 . 0 0 3 0  
0 . 5 6 7 1  

( SRATB , Cows /ha / 2 4  hou rs ) .  

Mean 
Square F Va lue Pr > F 

3 3 4 5 4 0 . 1 3 2  3 4 1 . 5 1 0 . 0 0 0 1  
97 9 . 6 0 5  

Root MSE SRATE Mean 
3 1 . 2 9 8 6 4  2 7 0 . 3 0 6 8 6 3  

Mean Squa re F Va l ue Pr > F 
1 4 7 5 9 7 4 . 4 5 3  1 5 0 6 . 7 0 0 . 0 0 0 1  

9 2 0 5 3 . 1 06 9 3 . 9 7 0 . 0 0 0 1  
6 3 0 9 . 9 9 9  6 . 4 4  0 . 0 0 1 9  

Mean Squar e  F Va lue P r  > F 
1 4 6 7 5 3 1 . 1 9 9  1 4 9 8 . 0 8 0 . 0 0 0 1  

9 1 2 2 5 . 6 0 3  9 3 . 1 2 0 . 0 0 0 1  
6 3 0 9 . 9 9 9  6 . 4 4  0 . 0 0 1 9  

F * S  a s  an error t erm 
Mean Squa re F V a l ue P r  > F 
1 4 6 7 5 3 1 . 1 9 9  2 3 2 . 5 7 0 . 0 0 4 3  

9 1 2 2 5 . 6 0 3  1 4 . 4 6  0 . 0 6 4 7  
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Appendix V .  Xndividual cow value• for initial live weight , f inal l ive weigh t , total 
l iveweight change during the 41 daya of experimental period , and average daily LWG . 

COW Feedi�g S i z e  I n i t i a l  Fina l Tot a l  Da i ly 
Number Leve l LW LW LW g a i n  LWG 

kg ) ( kg ) g a i n  ( kg )  ( kg ) 

1 1 1 4 8 9 . 0 0 5 3 8 . 6 6 7  4 9 . 6 6 7  1 . 2 1 1 3 9  
3 1 3 4 2 3 . 7 5  4 6 8 . 6 6 7  4 4 . 9 1 7  1 . 0 9 5 5 4  

4 2 3 4 0 7 . 0 0 4 3 5 . 0 0 0  2 8 . 0 0 0  0 . 6 8 2 9 3  

5 1 3 3 4 5 . 2 5  3 7 9 . 0 0 0  3 3 . 7 5 0  0 . 8 2 3 1 7  

9 2 3 2 7 8 . 2 5 3 1 1 . 6 6 7  3 3 . 4 1 7  0 . 8 1 5 0 5  

1 0  1 3 2 9 3 . 5 0 3 2 9 . 3 3 3  3 5 . 8 3 3  0 . 8 7 3 9 8  

1 7  1 3 3 3 5 . 5 0 3 6 0 . 3 3 3  2 4 . 8 3 3  0 . 6 0 5 6 8 

1 8 2 3 3 3 4 . 2 5  3 5 1 . 0 0 0  1 6 . 7 5 0  0 . 4 0 8 5 4  

2 1  1 2 4 3 5 . 2 5  5 0 0 . 3 3 3  6 5 . 0 8 3  1 . 5 8 7 3 9  

2 2  2 2 4 3 9 . 7 5  4 7 8 . 0 0 0  3 8 . 2 5 0  0 . 9 3 2 9 3  
2 3  1 3 4 1 8 . 0 0 4 7 4 . 0 0 0  5 6 . 0 0 0  1 . 3 6 5 8 5  

2 7  2 3 3 4 9 . 2 5  3 7 8 . 6 6 7  2 9 . 4 1 7 0 .  -;. :_ 7 4  9 

3 1  2 3 4 3 1 . 2 5 4 4 0 . 5 0 0  9 . 2 5 0  0 . 2 2 5 6 1  

1 0 1  2 2 3 8 8 . 2 5  

1 0 6  1 2 4 2 2 . 5 0 4 9 5 . 0 0 0  7 2 . 5 0 0  1 . 7 6 8 2 9  

1 0 9  1 2 4 0 5 . 7 5 4 7 3 . 0 0 0  6 7 . 2 5 0  1 .  6 � 0 2 �  

1 1 1  2 2 4 1 5 . 2 5 4 4 7 . 3 3 3  3 2 . 0 8 3  (J . .., 82 �- 1 
1 2 0  2 2 3 9 2 . 7 5  4 2 2 . 6 6 7  2 9 . 9 1 7  0 . 7 2 9 6 8  

1 2 1  1 2 3 7 4 . 7 5 4 3 4 . 6 6 7  5 9 . 9 1 7 . 4 6 1 3 9  

1 2 6  2 2 4 1 3 . S O 4 5 3 . 6 6 7  4 0 . 1 6 7  0 . 9 / 9 6 8  
1 3 2  1 2 4 3 3 . 0 0 4 9 8 . 0 0 0  6 5 . 0 0 0  1 . 5 8 5 3 7  

1 3 9  2 5 1 6 . 0 0 5 3 6 . 6 6 7  2 0 . 6 6 7  0 . 5 0 � 0 7  

1 4 0 1 5 3 0 . 5 0 5 8 8 . 0 0 0  5 7 . 5 0 0  1 . 4 0 2 � 4  
1 4 1  2 1 5 4 3 . 5 0 5 8 4 . 6 6 7  4 1 . 1 6 7 1 . 0 0 4 0 7 

1 4 2  1 1 5 6 2 . 0 0 6 3 4 . 6 6 7  7 2 . 6 6 7 1 .  7 7 2 3 7  
1 5 2  2 1 5 5 2 . 5 0 5 9 1 . 3 3 3  3 8 . 8 3 3  0 .  9 0 1 5  

1 5 6  1 1 5 2 7 . 5 0 5 7 2 . 0 0 0  4 4 . 5 0 0  1 . 0 8 5 3 7  

1 5 8  1 2 4 4 8 . 0 0 5 1 3 . 3 3 3  6 5 . 3 3 3  1 . 5 9 3 4 9  

1 6 6  2 1 5 2 1 . 5 0 5 3 8 . 6 6 7  1 7 . 1 6 7  0 . 4 1 8 7 1  

1 6 8  2 2 3 9 4 . 7 5 4 3 1 . 6 6 7  3 6 . 9 1 7  0 . 9 0 0 4 1  

1 7 2  2 2 4 4 1 . 7 5 4 7 6 . 6 6 7  3 4 . 9 1 7  0 . 8 5 1 6 3 
1 7 5  1 5 2 2 . 5 0 5 9 4 . 6 6 7  7 2 . 1 6 7  1 . 7 6 0 1 7  

1 7 7  2 1 5 5 9 . 5 0 5 9 7 . 3 3 3  3 7 . 8 ' 3  0 . 9 2 2 7 6  

1 7 8  2 3 9 9 . 2 5  4 6 3 . 3 3 3  6 4  . .  1 .  5 6 3 0 0 
1 7 9 1 5 0 2 . 7 5 5 6 9 . 3 3 3 6 6 . 5 8 3  1 . 6 2 3 9 8 

1 8 4  2 1 5 3 9 . 0 0 5 8 0 . 0 0 0  4 1 . 0 0 0  1 . 0 0 0 0 0  
1 9 6  1 5 2 7 . 0 0 6 1 9 . 3 3 3  9 2 . 3 3 3  2 . 2 5 2 0 2  

2 2 4  2 4 7 6 . 0 0 5 3 8 . 0 0 0  6 2 . 0 0 0  1 . 5 1 2 2 0 

Ad l ibi t um 1 ;  Ma i n t enance = 2 .  
2 

B i g  F r i es ians = 1 ;  S ma l l  F r i es ians = 2 , and Jerseys 3 .  

Cow aborted before t he end o f  the exper i ment . 



Appendix VI . Individual cow values for init ial condition score , f inal condition score 
and total condition score change during the 4 1  days of experimental period. 

Cow 
number 

3 

4 

5 

9 

1 0  

1 7  

1 8  

2 1  

2 2  

2 3  

2 7  
3 1  

1 0 1 "  

1 0 6  

1 0 9  

1 1 1  

1 2 0  

1 2 1  

1 2 6  

1 3 2  

1 3 9  

1 4  0 

1 4 1  

1 4 2  

1 5 2  

1 5 6  

1 5 8  

1 6 6  

1 6 8  

1 7 2  

1 7 5  

1 7 7  

1 7 8  

1 7 9  

1 8 4  

1 9 6  

2 2 4  

Feeding 
l evel '  

1 

2 

1 

2 

1 

2 

1 

2 
1 

2 

2 

2 

1 

2 

2 

1 

2 

1 

2 

1 

2 

2 

2 

2 

2 

1 

2 

1 

1 

2 

1 

2 

S i ze' 

1 

3 

3 

3 

3 

3 

3 

3 

2 

2 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

2 

1 

2 

2 

1 

1 

2 

1 

1 

1 

1 

1 Ad l ibi t um = 1 ;  Ma intenance = 2 .  

In i t i a l  
CS 

4 . 6 0 0  

5 . 1 2 5  

5 .  2 0 0  

4 . 62 5 

3 . 9 7 5  

4 . 2 2 5  

3 .  7 2 5  

3 . 67 5  

4 . 4 7 5  

4 . 4 5 0  

3 . 7 7 5  

3 .  7 2 5  

4 . 8 7 5  

4 . 3 7 5  

4 . 5 0 0  

4 . 6 5 0  

5 . 2 5 0  

4 . 3 7 5  

4 . 5 5 0  

4 . 2 5 0  

3 . 8 7 5  

4 . 87 5  

5 . 3 7 5  

4 . 52 5  

5 . 1 0 0  

4 . 4 2 5  

4 . 9 2 5  

4 . 6 7 5  

4 . 1 7 5  

4 . 2 5 0  

4 . 5 2 5  

4 . 7 2 5  

4 .  3 5 0  

4 . 6 2 5  

5 . 1 5 0  

5 . 3 5 0  

4 . 1 5 0  

4 . 3 5 0  

F i n a l  
CS 

5 . 2 0 0  

6 . 6 6 6  

5 . 8 6 6  

5 . 5 0 0  

4 . 6 6 6  

4 . 7 3 3  

5 . 1 0 0  

4 . 2 3 3  

5 . 3 6 6  

4 . 7 3 3  

4 . 9 3 3  

4 . 3 6 6  

4 . 8 0 0  

6 .  4 6 6  

5 . 5 0 0  

6 . 6 0 0  

4 . 8 3 3  

5 . 5 6 6  

4 . 5 0 0  

4 . 7 0 0  

5 . 0 3 3  

7 . 3 3 3  

4 . 9 0 0  

7 . 0 0 0  

4 . 6 3 3  

5 . 3 3 3  

5 . 0 3 3  

4 . 4 6 6  

4 . 5 0 0  

4 .  8 3 3  

6 . 1 6 6  

4 . 4 0 0  

5 . 7 0 0  

7 . 1 3 3  

5 . 7 6 6  

4 . 7 6 6  

4 . 7 0 0  

2 B i g  F r i es ians = 1 ;  Sma l l  F r i e s i ans = 2 , and Jerseys 3 .  

Cow abo r t ed be fore the end o f  the exper i men t . 

Tot a l  CS 
Change 

0 . 6 0 0  

1 .  5 4 1  

0 . 6 6 6  

0 . 8 7 5  

0 . 6 9 1  

0 . 5 0 8  

1 . 3 7 5  

0 . 5 5 8  

0 . 8 9 1  

0 . 2 8 3  

1 . 1 5 8  

0 . 6 4 1  

- 0 . 0 7 5  

1 . 9 6 6  

0 . 8 5 0  

1 . 3 5 0  

0 . 4 5 8  

1 . 0 1 6  

0 . 2 5 0  

0 . 82 5  

0 . 1 5 8  

1 . 9 5 8  

0 . 3 7 5  

1 . 9 0 0  

0 . 2 0 8  

0 .  4 0 8  

0 . 3 5 8  

0 . 2 9 1  

0 . 2 5 0  

0 . 3 0 8  

1 .  4 4 1  

0 . 0 5 0  

1 .  0 7 5  

1 . 9 8 3  

0 . 4 1 6 

0 . 6 1 6  

0 . 3 5 0 

1 32 
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Appendix vr r .  Cow age and daya aince conception at the beginning and at the end 
of the experiment . 

Cow Feeding S i ze' Days s ince concept ion a t : cow age 
Number l evel '  Beg i nning End ( y ea r s )  

1 1 1 1 8 6  2 2 6  8 . 8 6 5 8  

3 1 3 2 0 4  2 4 4  7 . 8 6 3 0  

4 2 3 1 7 8  2 1 8 7 . 8 6 3 0  

5 1 3 1 9 8  2 3 8  4 . 7 7 8 1  

9 2 3 1 6 7  2 0 7 3 . 7 7 5 3  

1 0  1 3 1 7 8  2 1 8 3 . 7 7 5 3  

1 7  1 3 1 4 2  1 8 2 6 . 8 6 3 0  

1 8  2 3 1 9 0  2 3 0  6 . 8 6 3 0  

2 1  1 2 2 0 3  2 4 3  4 . 7 7 8 1  

2 2  2 2 1 7 2  2 1 2 4 . 7 7 8 1  

2 3  1 3 1 5 9  1 9 9  4 . 8 6 3 0  

2 7  2 3 1 8 6 2 2 6  4 . 7 7 8 1  

3 1  2 3 1 7 1  2 1 1  3 . 8 6 8 5  

1 0 1  2 2 1 7 0  2 0 0  3 . 8 4 6 6  

1 0 6  2 1 7 2  2 1 2  4 . 8 5 7 5  

1 0 9  1 2 1 7 9  2 1 9  3 . 8 5 2 1  

1 1 1  2 2 1 5 4  1 9 4  4 . 7 7 2 6  

1 2 0  2 2 1 9 2  2 3 2  4 . 8 2 7 4  

1 2 1 2 1 5 3  1 9 3  3 . 8 2 1 9  

1 2 6  2 2 1 4 5  1 8 5  3 . 8 4 1 1  

1 3 2  1 2 2 0 6  2 4 6  5 . 8 1 6 4 

1 3 9  2 1 1 6 5  2 0 5  5 . 8 1 1 0  

1 4 0  1 1 1 8 9  2 2 9  5 . 7 8 3 6  

1 4 1 2 1 1 9 2  2 3 2  5 . 7 9 4 5  

1 4 2  1 1 1 9 2  2 3 2  5 . 7 3 1 5 

1 5 2  2 1 2 0 5 2 4 5  9 . 8 6 0 3  

1 5 6  1 1 8 5  2 2 5  4 . 7 8 9 0  

1 5 8  1 2 1 9 4  2 3 4  3 . 8 1 6 4  

1 6 6  2 1 1 4 9  1 8 9  1 0 . 8 6 5 8  

1 6 8  2 2 1 7 2  2 1 2 3 . 8 0 2 7  

1 7 2  2 2 1 5 1  1 9 1  3 . 7 8 6 3  

1 7 5  1 1 7 0  2 1 0  6 . 8 4 9 3  

1 7 7  2 1 1 9 0 2 3 0  8 . 8 3 2 9 

1 7 8  1 2 1 6 6  2 0 6  3 . 7 8 6 3  

1 7 9  1 1 1 8 7 2 2 7  8 . 8 3 2 9  

1 8 4  2 1 1 8 3 2 2 3  6 . 8 2 4 7  

1 9 6  1 1 8 6  2 2 6  7 . 8 3 5 6  

2 2 4  2 1 1 8 6  2 2 6  8 . 8 5 2 1 

Ad l i bi c um 1 ;  Ma int enance = 2 .  

B i g  F r i es i ans = 1 ;  Sma l l  F r i e s i ans = 2 , and Jerseys 3 .  




