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Biological efficiency: How relevant is this concept to beef cows in a mixed livestock, 
seasonal pasture supply context? 

S.T. MORRIS, I.M. BROOKES, W.J. PARKER’, AND S.N. McCUTCHEON 

Department of Animal Science, Massey University, Private Bag, Palmerston North, New Zealand. 

ABSTRACT 

Efficiency, defined as the ratio of output to input, can be calculated for any product, and for any of the resources employed to generate 
fhat particular product. “Weight of calf weaned per unit cow liveweight” is commonly used to measure biological efficiency in the beef cow 
herd, based partly on the assumption that feed intakes and hence costs are related to liveweight. A more direct measure, and the one used 
here, is “weight of carcass produced per unit of feed intake”. The biological efficiency of the traditional beef breeding cow, determined in 
this manner, is low compared to that of other beef cow systems (e.g. twinning cows, once-bred heifers). This is primarily because of the 
relatively low reproductive rate in traditional cow herds and the high proportion of annual feed consumption used to maintain the breeding 
female and her replacements. 

A simple output/input ratio may not, however, be appropriate for the mixed sheep and cattle systems which are widely used in New 
Zealand. For these systems, where a competitive or complementary relationship may exist between enterprises, a more complex efficiency 
ratio that contains elements of the whole farm system is likely to be more appropriate. Furthermore, in a seasonal pasture production system, 
where the supply of feed is likely to limit production at certain times of the year, feed does not have a fixed value. Feed costs therefore become 
an important component of the efficiency equation. Utilisation by other livestock of a scarce resource (e.g. winter feed) is also likely to have 
an influence on the economic efficiency of the system. For example, if biological efficiency is ignored then output (weight of calf weaned) 
may be increased simply by increasing cow size but with no consideration of the extra feed inputs necessary to maintain larger cows, or the 
pressure that additional feed requirements may place on other components of the system at particular times of the year. 

In this paper, the relevance of biological efficiency is explored by comparing both biological and economic efficiencies of four cattle 
systems - traditional beef cows, beef x dairy cows (with and without twinning) and once-bred heifers - alone and in mixed sheep and cattle 
policies. We conclude that biological efficiency is a relevant concept, primarily because its components (carcass weight and feed consumed) 
are also important determinants of economic efficiency. However marked differences between systems in the value of the carcass produced 
and/or feed consumed can lead to a poor correlation between the efficiency ranking of systems by biological and economic criteria. 

Keywords: beef breeding cows; biological efficiency; once-bred heifers; twinning; beef x dairy cross cows. 

INTRODUCTION 

Efficiency is generally measured as the ratio of output(s) to 
input(s). The choice of ratio has to be related to the purpose for 
which efficiency is being measured and it is rare for any one 
measure of efficiency to be adequate for all purposes. For New 
Zealand pastoral systems of farming, biological efficiency could 
be described as the goodness of fit of animal feed demand and 
herbage supply subject to the constraints of minimum herbage 
wastage and maximum saleable animal product. 

The weight of calf weaned per cow joined divided by 
average cow liveweight is a commonly used measure of 
biological efficiency in the beef breeding cow herd (e.g. 
Morris er al., 1993). Measured in this way, the biological 
efficiency of the beef breeding cow is low compared with that 
of other domestic livestock (Coop, 1967; Spedding, 1975). 
This reflects the (compounded) result of a relatively low 
reproductive rate and the conversion of grass to milk and then 
to (calf) meat with loss of energy at each stage of the process. 
Thus the beef cow is capable of generating only about 0.7 of 

her body weight in progeny marketed each year, compared to 
the sow which produces 8 times her body weight per year and 
the meat-type hen which produces 70 times her body weight 
per year in progeny market weight (Spedding, 1979). 

Measures of biological efficiency which relate meat 
production to dam liveweight assume a constant relationship 
between dam liveweight and input costs, of which the most 
important are commonly feed costs. Such an assumption is 
clearly not valid when comparisons are made across species, 
and may also be questionable when comparisons are made 
between systems within a species. Thus a better measure of 
biological efficiency, and the one used here, is “weight of 
carcass produced per unit of feed intake”. Even this definition 
may be questioned since, in grazing systems (in contrast to 
monogastric animal systems), feed intake may be controlled 
for purposes other than to influence the production of the 
animal at that time - for example, to control feed supply and 
quality, or to store feed energy in body reserves in preparation 
for times of the year when feed supply is insufficient to 
maintain production (Pleasants and Barton, 1994). 
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FIGURE 1: Pasture growth (0) and feed requirements for traditional 
(W), beef x dairy (1), beef x dairy (twin) (+) and OBH (A) beef production 
systems (Panel A) together with pasture cover (kg DM/ha) (Panel B) on a 
sheep and cattle farm with an annual consumption of 7200 kg DM/ha/yr. 
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7200 kg DM/ha/year). A further constraint, to ensure a 
sustainable livestock production system, was that average 
pasture cover should not fall below loo0 kg DM/ha or rise 
above 2500 kg DM/ha at any stage of the year (Gray, 1987). 

The feed intake patterns for the various beef production 
systems, in which each system consumed 7200 kg DM/ha/yr, 
together with the typical pasture growth pattern for Tuapaka, 
are shown in Figure 1. High feed requirements for the beef x 
dairy (twin) cows in spring reflect the higher feed intake of 
the double-suckled cows and their calves over this period 
compared with the other beef cow policies studied. After 
weaning and sale of calves at 140 days this system generated 
lower monthly feed requirements than the other systems. The 
OBH system had the lowest feed intake throughout the spring 
period, primarily because a large proportion of the cattle are 
replacement non-pregnant/lactating heifers. Because of the 
need to feed the weaned dams in the OBH system to target 
slaughter weights, there is a higher autumn feed demand in 
this system than for the other policies in which replacements 
represent a lower proportion of the cattle stock units win- 
tered. The feed intake patterns for the “traditional” and the 
“beef x dairy cow mated to a terminal sire” cattle systems had 
much less variation in feed demand than either the beef x 
dairy (twin) or the OBH system. 

Results for the “sheep plus cattle” scenario are pre- 
sented in Table 2. The biological efficiency for the mixed 
system was measured in grams of “sheep plus cattle” carcass 

weight produced per kg DM consumed. The rankings of each 

TABLE 2: Comparison of biological and economic efficiency of 
different breeding cow policies under a cattle plus sheep scenario. 

Policy Biological Efficiency Economic Efficiency 
(g sheep + cattle carcass/kg ($ GMtltonne DM 

-feed consumed) consumed) 

Traditional 

Beef x dairy 

Beef x dairy (twin) 

Once-bred heifer 

Once-bred “COW”~ 

26 (loo)2 

31 (120) 

32 (125) 

34(133) 

34 (133) 

70 (loo)2 

SO(ll3) 

93 (132) 

79(111) 

68 (97) 

‘GM = Gross Margin 
*Relative to traditional system (-100) 
3Heifer carcass valued as cow meat 

policy remained the same as for the cattle - only situation, but 
the absolute values were reduced because of the lower car- 
cass output per kg DM consumed from the sheep. When 
economic efficiency is considered, the rankings were similar 
to those of the “cattle - only” scenario, again reflecting the 
lower value per kg of carcass from the OBH system com- 
pared with the value when selling live calves at weaning in 
the beef x dairy systems. 

The impact of product value on measures of efficiency is 
further illustrated inTable 2 by the “once-bred cow" system.This 
assumes that the once-bred animal is graded as cow beef. This 
situation existed prior to the redefinition of the “heifer gmde” (as 
an animal with no more than 6 permanent incisor teeth erupted) 
in 1988. The OBH and cow have the same biological efftciency 
(carcass weight produced/feed consumed) but very different 
economic efficiencies because of the different values assigned to 
each unit of carcass produced. 

Finally, it is important to note that, just as changes in the 
dollar value of output (e.g. meat) alter the relationship be- 
tween biological and economic efficiency, so too do changes 
in the dollar cost of inputs (e.g. feed). However, whereas 
differences in meat value can be defined for different systems 
with relative ease, defining the overall feed cost for a particu- 
lar system is difficult. Biologically, the dollar value of each 
kg of DM is determined by the time of year in which it is 
grown, its contribution to filling deficits or creating surpluses 
(relative to feed requirements of the system) and the extent to 
which it maintains its nutritive value if harvested or otherwise 
conserved and subsequently fed to an animal. Economically 
the dollar value of DM can be determined by either its 
opportunity cost or its marginal value product. The opportu- 
nity cost provides a measure of how much profit is forgone 
by adopting the current livestock policy relative to the most 
profitable option available to the farmer (i.e. if the most 
profitable policy is already in place there will be no opportu- 
nity cost on the feed utilised by that policy). The marginal 
value product, on the other hand, provides an estimate of the 
value of one extra unit of feed in the month concerned for the 
current livestock policy. Such values can be derived from the 
shadow prices generated by a linear programming model 
with monthly time steps (see Gray et al., 1994 for an exam- 
ple). Clearly, an extra unit of feed on hill country farms in 
months of surplus growth will have no immediate value 
(although it may have a carry over value in subsequent 
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months if feed is in short supply at these times). In some 
situations it may, however, be more appropriate to express 
the efficiency of livestock policies relative to an investment 
criterion (e.g. rate of return on livestock capital), or a limiting 
resource such as labour, rather than feed utilisation. 

CONCLUSION 

Biological efficiency, as defined in this paper, is rel- 
evant to different beef cattle breeding cow systems primarily 
because its components (carcass weight produced and feed 
consumed) are also important determinants of economic 
efficiency. However, it was assumed in the examples exam- 
ined here that feed has a constant value throughout the year, 
which is rarely true. More sophisticated models are required 
which differentially value feed throughout the year. The 
relevance of biological efficiency can also be altered by 
changes in product value, and such changes need to be taken 
into account when assessing the economic efficiency of 
different systems. 
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